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Preface 


This is the third edition of the Manual of 
Child Psychology. The first and second edi- 
tions, edited by Leonard Carmichael, were 
published in 1946 and 1954 respectively. It 
should be clear from the outset, however, 
that the present volumes are not, in any real 
sense, a revision of the earlier editions; this 
is a completely new Manual. 

The general purpose of this edition, like 
that of the previous ones, is to provide a 
comprehensive and accurate picture of the 
current state of knowledge — the major sys- 
tematic thinking and research — in the most 
important research areas of the psychology 
of human development. But developmental 
psychology has been radically transformed, 
m numerous and complex ways, in the last 
two decades. While some features of the 
discipline — its goals, approaches, and re- 
search foci — have not changed much, its 
overall “look” in 1970 is vastly different from 
what it was in 1950. Complete specifications 
and analyses of all the changes, which are 
intimately connected with one another, and 
of the reasons for them, would require a long 
essay on the history of the field and the 
social forces that shaped it. However, a brief 
survey of some of the enduring characteristics 
and major shifts may help to provide a 
broader perspective and to clarify the con- 
trasts between the 1954 edition and the 
present one. 

Many crucial contemporary problems were 
apparent even in antiquity and have recurred 
repeatedly throughout the history of develop- 
mental psychology; however, they remain un- 
resolved and continue to be the impetus for 
much research. An example is the problem 
of whether the individual's development and 
attainments are primarily determined by his 
genetic makeup or by environmental condi- 


tions, by nature or by nurture? Generally 
speaking, the basic objectives or tasks of pres- 
ent-day developmental psychology, which are 
interrelated, are the same ones that character- 
ized the field 20 years ago — description of 
the genesis of behavior and of age changes; 
explanation of these (the mechanisms, pro- 
cesses, and determinants of change) ; delinea- 
tion of the relationships between early and 
later behavior. But the distribution of scien- 
tific resources and publications devoted to the 
various goals has changed markedly. Until 
approximately 25 years ago, developmental 
psychologists were primarily concerned with 
precise descriptions of children's capabilities 
at various ages and reliable determination of 
age changes in psychological functions such 
as psychomotor performance, problem solv- 
ing, and aggressive reactions. And there are 
continuing needs for more accurate, detailed 
descriptions of the transformations, continu- 
ities, stages, and discontinuities in many as- 
pects of development, particularly in cogni- 
tive functions and in social and emotional 
behavior. 

The major contemporary empirical and 
theoretical emphases in the field of develop- 
mental psychology, however, seem to be on 
explanations of the psychological changes 
that occur, the mechanisms and processes 
accounting for growth and development. Hy- 
potheses dealing with the beginnings of be- 
havior, and with the determinants of change 
have been tested experimentally and in nat- 
uralistic settings. Investigations of factors 
correlated with individual differences in psy- 
chological functions, traits, and abilities as 
well as longitudinal research, also yield valu- 
able data bearing on the problems of stability 
and continuities in development and the 
mechanisms of change. Compared with the 
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last edition, this one includes many more 
accounts of studies of these kinds. 

Increased interest in mechanisms of change 
stimulated more theory-building and, conse- 
quently, theory seems to be generally more 
prominent in the literature of developmental 
psychology today than it was in 1950, often 
playing a much more critical role in deter- 
mining the direction of empirical research. 
This is particularly true in the area of cog- 
nitive development, where the theories of 
Piaget and of Werner have been major 
sources of research hypotheses and further 
conceptualizations relating to the nature of 
perception, thought, and problem solving. 

The 1954 edition of this Manual had only 
one theoretical chapter and that was con- 
cerned with Levinian theory which, so far 
as we can see, has not had a significant last- 
ing impact on developmental psychology. 
Volume I of the present edition includes four 
chapters exclusively devoted to theory and, 
in addition, relevant theoretical issues are 
discussed in some detail in most of the sub- 
stantive chapters. Psychoanalytic theory is 
probably not as powerful an intellectual force 
m child psychology today as it was 20 years 
ago but it is still important in stimulating 
and guiding research in personality and social 
development Unfortunately, the chapter on 
psychoanalysis as a developmental theory, 
originally planned for this edition, was not 
completed. However, a number of chapters in 
this volume discuss aspects of this theory and 
two recent books offer excellent discussions 
and critiques of psychoanalytic develop- 
mental theory. 1 

Like all scientific fields, developmental psy- 
chology has experienced its own “knowledge 
explosion.” The sheer number of revelant 
articles and books has increased, and con- 
tinues to increase, at an awe-inspiring rate, 
and the newer literature is broader in scope 
and more varied in content than that of 20 
years ago. Theoretical and empirical analyses 
of fundamental problems have become more 
penetrating, refined, and sophisticated. At the 
same time, the invention of ingenious new 
methods and techniques of investigation in 

1 See Baldwin, Alfred L., Theories of child de- 
velopment. 'New York: Wiley, 1967, and Langer, 
Janas, Theories of development. New York: Holt, 
Bm^ha^ and Wmston, 1969. 


developmental psychology and related fields, 
together with modifications and improvements 
in older ones, paved the way for more ade- 
quate, reliable, and meaningful research into 
complex problems of long standing ( or varia- 
tions of these) and mto more recently formu- 
lated questions. As a result of these advances, 
many new facts have been accumulated and 
manv pieviously “accepted” findings have 
been reconsidered and discarded. Some estab- 
lished theories have been revised and aban- 
doned while alternative theoretical approaches 
have been proposed and systematized. Whole 
areas of research and theory such as behavior 
genetics, ethology, and large segments of 
developmental physiology, hardly existed 20 
years ago but, by 1970, they have achieved 
scientific maturity and contribute substan- 
tially to the field of developmental psychol- 
ogy. Largely because of this kind of knowl- 
edge explosion and its consequences, this 
edition of the Manual is in two volumes, 
rather than the one-volume previous edition, 
and has twice as many pages. 

Recent social and historical events have 
also generated more active concern with the 
potential practical contributions of the sys- 
tematic study of developmental psychology. 
Responding to critical social needs, many de- 
velopmental and educational psychologists 
have turned their research attention to ap- 
plied problems such as promoting cognitive 
abilities, improving teaching techniques, rais- 
ing the educational and intellectual status of 
the culturally disadvantaged, understanding 
the etiology and treatment of mental letarda- 
tion and psychopathology, and preventing 
juvenile delinquency. The findings of em- 
pirical investigations in these problem areas 
have both practical and theoretical signifi- 
cance, as several of the chapters in this vol- 
ume demonstrate. (See, for example, the 
chapters in Volumes I and II on early expe- 
rience, creativity, implications of cognitive 
development for education, social class and 
ethnic group influences on socialization, moral 
values and behavior, mental retardation, be- 
havior disorders, and psychosis in childhood.) 

Inevitably, the knowledge explosion and 
the continuous, if modest, advance in theory 
and application in developmental psychology 
have resulted in greater specialization within 
the field. The organization of the present 
volume and the contents of the chapters are 



PREFACE ix 


testimony of this. While the 1954 edition 
of the Manual had only one chapter on emo- 
tional development and another on social 
psychology, Volume I of the present edition 
has a major section on socialization, consist- 
ing of seven chapters. These deal with the 
following topics: sex typing and identification, 
affiliative behavior and dependency, aggres- 
sion, moral values and behavior, peer inter- 
action, and social organization. Two chapters 
of the second edition were devoted to mental 
growth and development, and one dealt with 
psychopathology. The present edition con- 
tains ten chapters on cognitive development 
(Volume I), and three on abnormal behavior 
in children (Volume II). 

The enormous growth in quantity of rel- 
evant literature, the high degree of specializa- 
tion, and the changing tone of developmental 
psychology make it exceedingly difficult to 
produce a full, balanced, accurate, and up- 
to-date representation of the state of the dis- 
cipline. In trying to achieve this, I was most 
fortunate to have the help of five distin- 
guished developmental psychologists who 
served as an Advisory Committee: Professors 
Jerome Kagan of Harvard University, William 
Kessen of Yale University, Eleanor Mac- 
coby of Stanford University, Harold Steven- 
son of the University of Minnesota, and Shel- 
don White of Harvard University. We worked 
together in every phase of planning and orga- 
nizing this Manual , from original conceptual- 
ization to final editing. 

As we conceived it, the Manual is a com- 
prehensive textbook or sourcebook for ad- 
vanced undergraduate and graduate students 
as well as for specialists in many areas of 
psychology and in related fields such as ed- 


ucation, psychiatry, and pediatrics. Hence, it 
must represent, as far as possible and in 
abbreviated form, all the established and in- 
fluential theories, as well as the reliable 
accumulated knowledge, in developmental 
psychology. But it should not consist simply 
of organized summaries of the literature. In- 
stead, great stress should be given to critical 
analyses and evaluations; major gaps in theory 
and data should be illuminated. In brief, the 
Manual should foster the development of new 
perspectives and insights and, ultimately, it 
may stimulate some readers to formulate hy- 
potheses and to conduct research. 

With this in mind, we made many difficult, 
critical decisions about the table of contents, 
essentially pooling our judgments about the 
areas that are currently most productive of 
theory and investigation. Obviously, special- 
ized areas of interest could not be fully cov- 
ered. We collaborated in selecting and invit- 
ing recognized authorities who could write 
stimulating, comprehensive, and integrated 
chapters, and fortunately, almost aU our 
invitations were enthusiastically accepted. 
Every “working outline” and final manuscript 
was reviewed by the editor and at least one 
member of the Advisory Committee who 
made suggestions for revisions. 

Without the diligent and painstaking work 
of the authors and the invaluable assistance 
of the members of the Advisory Committee, 
this book could not have been completed. I 
gratefully acknowledge my vast indebtedness 
to all of them. Whatever success these vol- 
umes achieve is due as much to their efforts 
as to my own. 

Berkeley, California, January, 1970 


Paul Mussen 
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PARTI 


BIOLOGICAL BASIS 
OF DEVELOPMENT 




1. Ethology and Developmental Psychology 

ECKHARD H. HESS 


Man is an animal. He is a biological or- 
ganism with an evolutionary history. Never- 
theless, when it is suggested that, in common 
with other animals, man may manifest in- 
herited, or genetically programmed behaviors, 
dissent often comes quickly from behavioral 
scientists. Indeed, it is unfashionable these 
days to investigate such genetically deter- 
mined behavior in humans. For example, 
Spuhler and Lindzey (1967) complete a re- 
cent summary of human behavior genetics 
with respect to possible racial differences by 
stating that it is "an area of research that is 
procedurally difficult, politically dangerous, 
and personally repugnant to most psycholo- 
gists, sociologists, and anthropologists.” 

If we look at the behavior of all animals 
on this earth we reach three inescapable 
conclusions. 

1. Innate behavior is the necessary and 
sufficient condition for the survival of most 
organisms. 

2. Learned behavior, alone, is the neces- 
sary and sufficient condition for the survival 
of none. Those few organisms most interest- 
ing to us, as psychologists, undoubtedly are 
heavily influenced by learning. This, however, 
does not alter the truth of these two con- 
clusions. 

3. Innate, or genetically programmed be- 
havior is necessary for the survival of all 
animals. 

Even the effectiveness of learning or con- 
ditioning has to depend on the genetically 
determined positive or negative value of 
whatever reinforcement takes place. Reward 
and punishment are meaningless concepts 
when used without reference to the condi- 


tions that make them work. These conditions 
must already be present, that is, innately 
possessed, or else they must be built up by 
environmental or learning processes which 
ultimately rest on some innate response. In 
other words, learning cannot be shaped by 
reward or punishment unless the organism is 
already structured so that reward and pun- 
ishment will have positive and negative 
values, respectively, the survival value of spe- 
cific consequences of behavior has, through 
the course of evolution, formed organisms 
that are innately constituted to act to attain 
reward and to avoid punishment. The "con- 
summatory acts” of learning experiments are 
innately fixed behavior patterns which serve 
to reinforce preceding behavior acts. It is 
particularly in the human infant that we have 
an opportunity to observe behaviors that 
must be there for the infant to survive. 
Learning cannot come along quickly enough 
to assure its survival. 

We shall not enter into the argument 
regarding the "usefulness” of distinguishing 
between innate and learned behavior, which 
has been brought up by numerous psycholo- 
gists "Innate behavior” is used here to mean 
genetically programmed behavior, just as we 
have genetically programmed morphology. 
Morphology, as is well known, is based upon 
genetically stored information possessed by 
the species and the individual. The sequen- 
tial development of the body form during 
ontogeny, beginning with fertilization and 
following through to the mature shape, is 
programmed by this genetic information. In- 
nate behavior is programmed in the same 
way, and in this sense specific innate beha- 
viors may be regarded as individual organs 
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possessed by the organism (Lorenz, 1937). 
Beginning with the section on Innate Beha- 
vior we shall discuss how ethologists have 
utilized this concept. 

“Learning” here refers to what the learn- 
ing psychologists call learning. Miller (1967) 
has listed a set of criteria for determining 
instances of learning. Environmental compo- 
nents such as temperature, oxygen, and 
water are excluded from learning. Such com- 
ponents can have an effect on behavior, just 
as they can have an effect on morphology, 
and thus they should be regarded as factors 
that can alter the expression of genetic 
potential rather than as learning 

With this frame of reference, then, let us 
turn to a description of the ethological ap- 
proach to the study of behavior and to the 
concepts and theoretical viewpoints charac- 
teristic of most of those scientists who can 
he called “ethologists.” 

BASIC CONCEPTS IN ETHOLOGY 

The Ethological Approach to the Study of 
Behavior 

Behavior is so multiform that innumerable 
theories have been developed in the attempt 
to explain it on the basis of partial knowledge. 
Indeed, the facets of behavior are such that 
it is possible to glean supporting evidence for 
any theory of behavior, even one that is 
capriciously constructed. The fable of the 
blind men and the elephant is completely 
applicable to this situation: theories of be- 
havior are usually extrapolations based upon 
only some segment of all the behavioral 
phenomena that exist. 

Recently the discipline of ethology has 
gained increasing attention from students of 
behavior, principally because ethologists have 
taken theoretical positions very different from 
those maintained by traditional behavioristic 
theories, which sought principally to examine 
the influence of the environment upon be- 
havior. However, the theoretical positions of 
ethologists are not their only distinguishing 
characteristics, for the very data that they 
gather are also different. 

It must be said, nevertheless, that the 
ethologists' theory does not determine what 
of facts they search for and which ones 
they discard. Rather, it is the philosophy 
of that facps come first; after they 


have been gathered, a theory to accommodate 
all facts may be attempted. Any theories so 
constructed are limited to the particular set 
of facts upon which they were founded. And 
ethologists tend to have an almost compulsive 
passion for collecting all the facts. 

Even so, the facts that ethologists initially 
collect are those of a particular universe. This 
is because ethology has as its major premise 
the notion that the study of behavior begins 
through the compilation of as complete an 
inventory as possible of all the behaviors of 
the organisms in, and in relation to, its natural 
environment, throughout its entire life cycle. 
A collection of such observations on a single 
species is called an “ethogram.” An ethogram 
is purely descriptive, cataloguing as exhaus- 
tively as possible what an animal does with- 
out any concurrent concern regarding the 
causal bases of such behavior However, etho- 
grams do go beyond the usual naturalistic 
approach because the behaviors are then 
classified and compared with those of many 
other species, particularly related ones. 

Ethology first developed from the work of 
zoologists, who were interested in the study 
of the natural behavior of animals. Faced 
with the mass of facts they had garnered, 
these zoologists soon saw several conceptual 
similarities between morphology and innate 
behavior. In fact, modern ethology really be- 
gan with the discovery of the taxonomic value 
of the innate behaviors known as fixed action 
patterns (Heinroth, 1910, Whitman, 1898). 
Today we can see a rather thorough applica- 
tion of concepts derived from morphology, 
evolution, and embryology to the analysis of 
innate behavior. 

From the outset ethologists have empha- 
sized the importance of the natural behavior 
of animals in their own habitats as the funda- 
mental basis upon which any subsequent anal- 
ysis of behavior must build before formu- 
latingany hypotheses regarding behavior. This 
initial approach was intended as a corrective 
to an earlier, prevailing tendency of envi- 
ronmentally oriented animal psychologists to 
confine their attention to a limited number 
of phenomena observed in a few species 
maintained in impoverished and artificial lab- 
oratory suiroundings since birth. Such cir- 
cumscribed and unnatural observations never- 
theless led these psychologists to formulate 
extremely wide-ranging theories, which gnot 
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posed to encompass all behavior phenomena, 
even those in man. 

The importance of the natural environment 
in studying the behavior of animals has been 
emphasized because it is much more difficult 
to maintain animals in an optimum state of 
health in conditions of captivity. Captivity 
may thus result in the failuie of animals to 
manifest some aspects of theii behavior capa- 
bilities. In addition, captive animals fre- 
quently engage in abnormal stereotyped be- 
haviors, as is evident to most zoo-goers. 

There is an intimate relationship between 
the behavior of animals and the characteris- 
tics of their wild habitat, according to etholo- 
gists. Certainly it is obvious that there is a 
relationship between what an animal needs, 
in the way of shelter or food, for example, the 
environment in which these are naturally 
found, and the animals behavior in relation 
to that environment. Unlike laboratory condi- 
tions, which place restrictions and artificial 
conditions on the animal, the animal's behav- 
ior in the wild significantly fits the natural 
environment. 

The ethologists have concentrated initially 
on naturally occurring behavior rather than 
solely on learning processes, as many animal 
psychologists have done. It is their conviction 
that the basic material already present in an 
animal must be known before changes in this 
substratum through learning or any unusual 
environmental exposure can be studied. This 
emphasis has led some psychologists to mis- 
takenly assume that ethologists do not regard 
learning as very important. On the contrary, 
they regard learning as of the highest impor- 
tance, and as one of the many mechanisms 
that produce behavior in animals. They do 
not hold the belief that a given behavior is 
either wholly learned or wholly innate — only 
the basic components or units are one or the 
other; this aspect of ethological theory will be 
discussed later. 

Although the starting point is always the 
collection of ethograms, the ethologists natu- 
rally go much farther than this. Subsequent 
to the cataloguing of the animal's behavior 
into an ethogram is the analysis of the be- 
haviors with respect to the factors that enter 
into or influence the behaviors. At this point 
it is considered permissible to change the en- 
vironment expen»#atally because we can then 
lu|ovr with , what ways 


these changes influence the animal's behavior. 
Deprivation experiments, in which animals 
are deprived of certain environmental factors 
such as social experience, auditory experience, 
or visual experience, constitute a technique as 
familiar to the ethologists as to animal psy- 
chologists. 

Consonant with their biological training, 
the ethologists not only study animal behav- 
iors with respect to environmental factors but 
also attempt to assay their probable evolu- 
tion, ontogenetic development, survival value 
or function, and physiological bases. All of 
these are extremely important aspects of pres- 
ent-day ethological theory and research. 

Innate Behavior 

Early workers such as the German zoologist 
Baron von Pernau (1707), the French natu- 
ralist Reaumur (1734-1742), Charles Dar- 
win (1872), the English naturalist Spalding 
(1873), and later the American zoologists 
Jennings (1904), Craig (1918), and Whit- 
man (1898), and the German zoologist von 
Uexkiill (1909) had all studied unlearned be- 
havior in animals scientifically But the bla- 
tantly promiscuous use of the term “instinct" 
during the late nineteenth and early twen- 
tieth centuries by many psychologists in the 
United States and elsewhere had reduced it 
to a catch-all explanation for behaviors which 
were not readily understood. The reaction to 
this inappropriate use of the term was like 
“throwing out the baby with the bath water,” 
for the concept of instinct or innate behavior 
was completely denied by psychologists who 
were attracted to Watson's (1922, 1928) be- 
havioristic theory, which promised to explain 
behavior on the basis of simple relationships 
between the individual and his environment. 

The work of the ethologists has provided a 
substantial scientific and renewed theoretical 
basis for the use of the concept of innate be- 
havior. The ethological concept of innate be- 
havior is that it is relatively complex animal 
activity, which generally involves the whole 
organism rather than merely an isolated part. 
Such behavior is a characteristic of the species 
to which the animal belongs rather than of 
the individual, whereas learned behavior is 
individually acquired during ontogeny. Since 
the behavior is a species characteristic, it orig- 
inates without previous experience or modifi- 
cation caused by experience: it is genetically 
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programmed, as are many moiphological fea- 
tures. Environmental factors, of course, can 
alter the expressions of innate behavior or 
morphology. Inheritance, or phylogenetic ad- 
aptation of the species recorded in the genome 
(set of chromosomes with constituent genes), 
is considered the ultimate criterion of innate 
behavior. Stereotypy is not the criterion of 
innate behavior, since it can also occur in 
many individually acquired learned behaviors 
Furthermore, innate behavior has an end or 
purpose; but many experiments have shown 
that the animal does not perform the behav- 
ior for this purpose. To cite only one example, 
prey hunting by dogs and cats that are well 
fed is performed for its own sake. In other 
words, the animal appears to need to perform 
the movements involved in hunting, and not 
solely for the purpose of obtaining food, al- 
though the fact that under wild conditions 
such behavior does have this utility indicates 
the survival value which tends to preserve 
this behavior in the species. Finally, species- 
specific behavior is itself composed of several 
elements: reflexes, taxes (directed orienta- 
tions), and fixed action patterns. 

Ethologists maintain that it is sometimes 
difficult to distinguish between innate behav- 
ior and behavior learned early in the life of 
the animal because there are some innate be- 
haviors that are not apparent until after cer- 
tain developmental stages in the life cycle 
have been achieved. This is the problem of 
ontogeny, which sometimes still presents an 
impasse between most ethologically oriented 
researchers and certain animal psychologists. 
Just as did Erasmus Darwin (1794) or Kuo 
(1932a-d), the latter proposed that the pres- 
ence of a given behavior at the moment of 
birth could mean that it was learned before 
birth , whereas ethological researchers were 
vigorous proponents of the view that innate 
behaviors could be regarded as possessed by 
animals as are organs or other morphological 
features. Furthermore, the ethologists pointed 
out that there are morphological features that 
are not present at birth. 

Charles Darwin (1883) viewed innate be- 
haviors as being just as subject to modifica- 
tion by natural selection as are morphological 
characters. In fact, Darwin applied exactly 
the same principles of morphological evolu- 
tion-convergent, divergent evolution, natural 
selection pressure* and variation between in- 


dividuals — to the evolution of innate behavior. 
Before Darwin it had been generally believed 
that the “knowledge” animals displayed in 
their innate behavior was implanted in them 
by the Creator. With Darwin's theory came 
the notion of the transmission of such innate 
behavior from one generation to another 
through heredity, evolving in response to the 
forces of natural selection. The evolutionary 
view of behavior was supported and expanded 
on by Spalding (1873), Morgan (1896), 
Wesley Mills ( 1896) , Romanes ( 1881, 1883) , 
Whitman (1898), Thorndike (1899), and 
Heinroth (1910). 

The biological and evolutionary viewpoint 
on innate behavior remains the bulwark of 
ethological philosophy and theory, A recent 
definition of innate behavior by an ethologi- 
cally oriented neurophysiologist, for example, 
is* "actions of an individual animal that are 
inevitable expressions of a neural organization 
determined and unfolded in ontogenesis in 
the same way as is the body form character- 
istic of the species” (Roeder, 1963). The ge- 
notype, according to Roeder, expresses itself 
in the entire morphological make-up of the 
individual organisms, including the nervous 
system down to fine details of sense organs, 
nerves, and neuronal connections. Innate be- 
havior is regarded as the expression of this 
neural organization. 

Today many psychologists in the United 
States have what is called an “epigenetic” 
view toward behavior; the main proponents 
of this view are Schneirla (1946, 1956, 1957, 
also Schneirla and Rosenblatt, 1961), Hebb 
(1953), Lehrman (1953, 1956), and Moltz 
(1965). The epigenetic viewpoint, according 
to Moltz (1965), “considers gene effects as 
capable of entering into different classes of 
relationships depending on the prevailing 
complex.” Essentially, this epigenetic view- 
point appears to be one that arose out of the 
growing conviction that the traditional hered- 
ity-environment dualism served only to ob- 
scure the problem of the origin of behavior. 
This viewpoint apparently has its roots as long 
ago as 1925 when Carmichael pointed out that 
it was not possible on the basis of the then- 
current knowledge to differentiate between 
that which is native and that which is ac- 
quired, once the fertilized egg has begun to 
develop. “The so-called hereditary factors can 
only be acquired in response to the environ- 
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ment and likewise the so-called acquired 
factors can only be secured by a modification 
of already existing structure, which in the last 
analysis is hereditary structure,” Carmichael 
(1925) declared. 

Thus it is that psychologists such as Sch- 
neirla (1946, 1956) have postulated that 
species-typical behaviors do exist, while deny- 
ing that there are separate (and/or unitary) 
entities such as learning or instinct, which 
produce behavior. Learned behavior and in- 
nate behavior, although usually regarded as 
distinct by many ethologists, are not neces- 
sarily antithetical, as we shall soon see. 

The Functions of Innate Behavior 

Although ethologists use the terms innate 
and learned, they do not conceive of two 
parallel, independent neural mechanisms de- 
termining behavior. Learning processes may 
possibly constitute a natural unit, from the 
ethological point of view, and they may pos- 
sibly have similar physiological piocesses in 
common with each other. But it is an error to 
think that ethologists postulate only one neural 
behavior-determining process into which learn- 
ing does not enter. Rather, they say that many 
physiological processes innately determine be- 
havior and that these processes are as differ- 
ent from each other as they are from learning. 
Not only do they have different origins, but 
they also are completely distinct from each 
other in their functions. Such mechanisms as 
the "innate releaser mechanism,” "fixed action 
pattern,” "orientation reactions,” and “opto- 
motoric reactions” are examples. Their only 
common property, according to the ethologists, 
is a negative one: the lack of learning pro- 
cesses, a criterion as useless as the lack of 
dental enamel in an anatomic group composed 
of knees, hands, and nose. All of the preceding 
behavior mechanisms, both learning processes 
and innately based behavior processes, are 
considered distinct rather than antithetical. 
Basic components or units of behavior rather 
than entire behaviors are determined by one 
or another of these mechanisms, so that any 
instance of gross behavior may be seen to 
consist of a unit-by-unit intercalation (inter- 
polation or interweaving) of learned and vari- 
ous iimate behavior mechanisms, an impor- 
tant concept which shall be discussed shortly. 

One of the overriding interests of the ethol- 
ogistr i* the analysis of behavior is the con- 


sideration of its survival value (defined as 
utility in the struggle for existence). In some 
cases the survival value of a behavior is so 
apparent that it hardly requires experimental 
investigation, (e.g., incubation behavior in 
broody hens), yet there are several other 
cases where this is far from true, and with 
these instances considerable study and analy- 
sis are required to elucidate their survival 
value As Tinbergen (1963) pointed out, why 
do certain cryptic insects (those that escape 
predation by resembling leaves, bark, or twigs) 
perform rocking movements? Movement is a 
stimulus to which predators commonly react. 
Nevertheless, the rocking movement occurs in 
a large number of cryptic animals, which in- 
dicates that this movement has a survival 
value that is in some way related to camou- 
flage. 

The difficulty in immediately ascertaining 
survival value also exists with respect to mor- 
phological and certainly physiological fea- 
tures. As an example consider man's unfurred 
skin in stark contrast to the abundant fur of 
all other primates. Because any given be- 
havior or bodily character has been subjected 
to the forces of evolution, it has therefore 
served as a means for survival, either in the 
past or at present. It does not, of course, 
necessarily have the most survival value for 
the particular animal in comparison with 
other alternatives. This is illustrated by the 
fact that male argus pheasants possess tre- 
mendous feathers, which have the function 
of sexually attracting the female. However, 
these feathers are detrimental to escape from 
predators, and thus conflict with that survival 
need. Nevertheless, the attendant survival 
value of their sexual attractiveness is such 
that the argus pheasant does not evolve 
shorter feathers in the male (Lorenz, 1966). 

Although the past evolution of a species' 
behavior cannot be subjected to experimental 
proof and must be traced by indirect means, 
ethologists maintain that it is certainly possi- 
ble in many cases to examine the question of 
how the present-day behavior of animals 
serves to promote survival. The fact that ani- 
mals do survive in their natural environment 
is a problem that is related to every detail of 
behavior and structure, no matter how self- 
evident or insignificant it may seem to be. For 
example, as Tinbergen (1963) stated, there 
are adaptive reasons for the differences in 
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the walking behavior of the godwit and the 
lapwing, as Klompf (1954) has shown. God- 
wits lift and fold their feet much more than 
do lapwings and thus avoid getting their toes 
caught in the tall grass in which they breed. 
Lapwings, however, avoid habitats with tall 
vegetation. Tinbergen (1963) has demon- 
strated that the question of the survival value 
of behavior is in itself a vast field for experi- 
mental study that has great potential. 

Regardless of whether a behavior is a 
learned or a phenotypic expression, its ulti- 
mate value is, as we have stressed, assumed 
to be in the service of the survival of the in- 
dividual or species. Learned behavior aids in 
the survival of the individual only, whereas 
other behavior mechanisms insure the survival 
of the species. Lorenz (1961, 1965) has de- 
veloped a theoretical position with this notion 
at its core. He maintains that there are really 
two and only two entirely independent (but 
not antithetical) mechanisms that effect the 
adaptation of behavior. If an organism shows 
adaptive behavior, this means that it has been 
molded to fit the environment in a way that 
will achieve survival; according to Lorenz, 
there are only two ways in which this mold- 
ing may be achieved. The first is the process 
of phylogeny, which evolves behavior mech- 
anisms just as much as any morphological 
feature or physiological function. The second 
is the process of ontogeny, which involves 
adaptive modification of behavior during the 
individuals life. Lorenz has emphasized that 
although mutation and individual learning, 
are two entirely distinct processes, both have 
the very important function of creating and/ 
or adaptively changing the structure of the 
neural apparatus determining behavior. In 
fact, Lorenz's position goes to the extent of 
postulating that there is selection for learn- 
ing ability during the process of phylogeny, 
and this ability has been fixated in the ge- 
netic constitution of the species. The increase 
in survival value effected by learning proc- 
esses is, in Lorenz's opinion, the ultimate 
proof that learning processes in themselves 
are the product of adaptive evolution. 

Therefore, Lorenz deduced, learning is a 
specific survival-achieving function of the 
organism. Modifiability of behavior through 
learning processes, he suggested, occurs at 
specific, fvolutionally preformed places where 


just that function. Very often these inbuilt 
learning mechanisms are unable to modify 
any but one very circumscribed system of 
behavior mechanisms. For example, Lorenz 
points out, honeybees can use irregular forms 
such as trees and rocks as landmarks to find 
their way to the hive. But they are unable 
to use these forms as signals indicating the 
presence or absence of food. The types of 
forms that bees can learn to use as food sig- 
nals are those that are geometrically regular, 
preferably radially symmetrical. 

Examples of coexistent learned and innate 
components in behavior are numerous in 
ethological literature. It has been observed 
in many bird species that innate nest-build- 
ing movements may be made but the indi- 
viduals must learn which materials to use 
for this purpose. Eibl-Eibesfeldt ( 1956a) has 
shown that in the prey-killing technique of 
the polecat, the killing bite, that is, the sink- 
ing of the teeth into the animal and shaking 
at the same time, is innate, whereas the di- 
recting of the killing bite to the prey's neck 
is learned in a few trials. Eibl-Eibesfeldt 
(1956b) also showed that nut-cracking in 
squirrels consists of a number of acts — 
manipulating, gnawing, cracking — which de- 
velop in naive individuals without the benefit 
of practice; however, the integration of these 
individual acts into an adaptive sequence 
must be learned. 

Further examples are found in the classical 
social "imprinting" phenomenon in which 
newly hatched nidifugous (not remaining in 
the nest, motorically precocious) birds such 
as ducklings and chicks show an innate drive 
for contact with a parent object during a 
genetically determined "sensitive period" in 
the early hours of life with the result that 
under normal conditions the characteristics of 
the parent object are learned. In all these ex- 
amples of learning a genetic program that 
limits the range of items that may be involved 
or the time of learning, or both, is present. 

The notion of the intercalation or inter- 
weaving of different behavior mechanisms in 
a sequence of actions is a primary mainstay 
of the ethological approach to the analysis of 
behavior. Lorenz's term for this, coined in 
1937, is Instinkt-Dressur-Vershrankung^ trans- 
lated as instinct-training-interlocking. It im- 
plies that behavior is a continuous process of 
smooth integration of chunks of leaiWr bp* 
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haviors with innate ones. The learned com- 
ponents are considered to lend a flexibility to 
behavior and to promote greater adaptability 
in various environmental conditions. The in- 
nate components insure that certain reactions 
to specific stimuli will be made without the 
necessity of learning. These innate com- 
ponents, Lorenz stressed, can be seen most 
clearly in cases where, if learning were re- 
quired, the possibility of survival would be 
greatly diminished. 

Innate Behavior Mechanisms 

We previously mentioned that the etholo- 
gists have postulated the existence of several 
innately determined (genetically program- 
med) behavior mechanisms. We shall now 
discuss a few of the most important of these 
mechanisms and show how these concepts are 
used to deal with motivation and reinforce- 
ment. 

The fixed action pattern , or, more simply, 
fixed pattern, is one of the most fundamental 
concepts. In fact, modem ethology was 
founded on the independent discoveries of 
this phenomenon by Heinroth (1910) and 
Whitman (1898). 

The fixed action pattern is defined as a 
genetically programmed sequence of coordi- 
nated motor actions. The animal can perform 
it without antecedent learning or previous 
exercise and without having seen another 
species member perform it. The fixed action 
pattern is constant in form , which means that 
the sequence of motor elements never varies. 
The form constancy is the same as that which 
occurs in the case of morphological features 
possessed by members of the same species. 

These patterns are not equivalent to the 
well-known reflexes, nor are they chain re- 
flexes. There is neurophysiological evidence 
(e.g., von Holst, 1935, 1937) which has been 
interpreted as supporting this contention. 
We cannot adequately discuss within the 
limits of this chapter the many and complex 
differences between the fixed action patterns 
and the reflexes which the ethologists have 
pointed out, but one of the most important 
of these differences is the fact that the fre- 
quency with which the fixed action pattern 
is performed depends in part on how long it 
has been since it was last performed; this is 
not the case with reflexes. This factor, involv- 
ing the concept of energy, will 


be discussed later. Furthermore, the fixed 
action pattern can serve as a consummatory 
act that ends a sequence of appetitive be- 
havior (also discussed later). No such ap- 
petitive behavior ending in the discharge of 
a reflex has been found. 

Ethologists maintain that the notion of the 
genetic fixedness of fixed action patterns is 
supported by their appearance in animals 
isolated from other members of their 
own species. For example, Eibl-Eibesfeldt 
(1956b) has observed that squirrels reared 
in isolation and never given any objects to 
handle nevertheless attempted to bury nuts 
or nutlike objects in a bare floor upon their 
first encounter with them, making scratching 
movements as if to dig out earth, tamping 
the object in the floor with the nose, and, 
finally, making complete covering movements 
in the air. Thus fixed action patterns are 
presumed to be based on specific inherited 
central nervous system mechanisms. As we 
mentioned earlier, ethologists stress inheri- 
tance , or genetic coding, and not stereotypy, 
as the ultimate criterion of fixed action pat- 
terns if they are truly to be considered as 
taxonomic, species-specific characteristics. 

As with other morphological and physio- 
logical characters, fixed action patterns have 
been found to be characteristics not only of 
species but also of genera and orders right 
up to the highest taxonomic categories. Fixed 
action patterns, as Whitman (1898) and 
Heinroth (1910) observed, have value in 
assaying the taxonomic relationships between 
species. Furthermore, evolutionary changes 
that occur in fixed action patterns are similar 
to those that may be seen in morphological 
or physiological characters. It is postulated 
that selection may favor the development 
of a fixed action pattern that has much sur- 
vival value or cause it to die away or atrophy 
when it has no survival value. Ethologists 
have found behavioral rudiments (or vestigal 
behaviors) which remain even though they 
have little survival value. An example of this 
is the fact that mutant Drosophila with no 
wings still perform the wing-preening move- 
ments typical of the species (Heinz, 1949). 
It is possible to find a kind of ontogenetic 
development similar to HaeckeTs (1866) well 
known “phylogenetic recapitulation” of or- 
gans; a primitive behavior pattern may be 
seen to precede a more recently acquirec| 
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during the ontogeny of the species. Thus, as 
Lorenz (1937) observed, there are some 
species of birds (the lark, the raven, and the 
starling) belonging to the Passeres whose 
original form of ground locomotion was hop- 
ping (as postulated on the basis of compari- 
son with other species) but that now live 
on the ground and run. The juveniles of 
these species hop in biped fashion before 
they run. 

Ethologists have recently extended then 
work from the study of the piobable phylo- 
genesis of fixed action patterns to their phys- 
iological bases, and have obtained evidence 
strongly indicating that these are indeed 
based on inherited and structured neuro- 
physiological mechanisms. However, the fixed 
action pattern is still generally defined in 
purely functional terms. 

The innate releasing mechanism is another 
very fundamental concept. It is fundamental 
because it recognizes the fact that an animal, 
like man, does not give a particular response 
to all of the stimuli it perceives; most stimuli 
are only potential ones. The animal may learn 
to respond to some of these. The fixed action 
patterns, in particular, are elicited by only 
a few of the stimuli in an animals environ- 
ment These eliciting stimuli are called sign 
stimuli , or releasers of the behaviors they 
evoke. Corresponding to these releasers are 
the innate releasing mechanisms within the 
animal, which respond to these sign stimuli 
by permitting the discharge of internally 
produced energy for the performance of the 
relevant fixed action patterns. These innate 
releasing mechanisms are abbreviated as 
IRMs. 

The simplicity of the stimuli that elicit in- 
nately fixed behavior in animals may be il- 
lustrated by innumerable examples. One is 
the case of the carnivorous water beetle 
Dysticus marginalis. It does not react to the 
sight of prey, even though it has perfectly 
well developed compound eyes, but it does 
respond to the chemical stimuli emanating 
through the water from the prey. If it is 
presented a tadpole in a glass tube, the 
beetle will not attack, but if a meat extract 
solution is put into the water, the beetle 
engages in frantic searching behavior, clasp- 
ing inanimate objects (Tinbergen, 1951). 

Stfll another example of sign stimuli and 
innate releaser mechanisms is provided by 


the work of von Uexkiill (1909). The com- 
mon tick apparently responds to only three 
environmental stimuli during the greater part 
of its adult life. First, photoreceptors in its 
skin guide the tick's movements to the bright- 
est part of its environment, which usually 
results in the tick climbing up a bush or tree 
Second, the tick responds to the scent of 
butyric acid, which is given off by warm- 
blooded animals, by releasing its hold on 
the twig upon which it has been resting and 
thus dropping downward. Third, when it 
encounters a temperature of approximately 
37 °C, usually on a skin area of a mammal, 
it attaches itself and begins to drink blood. 
The relationship between these three stimuli 
and these i espouses is innate in origin and 
certainly each of them ensures survival of 
the species. 

The reactions of animals to sign stimuli is 
automatic. For example, a hen will fail to 
rescue a chick that it can see struggling un- 
der a glass bell, but that it cannot hear. 
On the other hand, it comes to the chicks 
rescue immediately if it does not see it but 
can hear its distress cries (Bruckner, 1933). 

Although sign stimuli often consist of a 
simple quality such as butyric acid, they 
usually consist of relational characteristics 
between stimuli. For example, Koehler and 
Zagarus ( 1937 ) found that the ringed plover 
reacts more strongly to an egg having black 
spots on a white background than to one 
having dark brown spots on a light brown 
background because the spots contrast more 
strongly with the background in the case of 
the preferred eggs. More remarkably, they 
prefer abnormally large eggs, even ones they 
cannot sit upon Such stimuli that release a 
response stronger than that released by the 
natural stimuli are called superoptimal , or 
supernormal sign stimuli by ethologists. There 
are many instances of supei optimal sign 
stimuli. 

Sign stimuli are considered particularly im- 
portant in intraspecies and interspecies com- 
munication. Striking examples of this can be 
seen in the courtship behavior of many ani- 
mals, particularly the showy displays of some 
bird species. The IRMs which respond to 
these sign stimuli are regarded as organs 
possessed by the animal, with special func- 
tions in the service of survival. The IRM is 
thought to operate as a receptor of key 
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stimuli and by necessity adapted to the world 
as it exists, so that it will respond only to 
stimuli that unfailingly characterize a partic- 
ular biological situation, and no other If a 
particular response is elicited by several sign 
stimuli belonging to a certain biological situ- 
ation, then the presence of most of these 
stimuli in that situation guarantees the elici- 
tation of the response in question. A pike can- 
not attach any releaser or sign stimulus to 
the fish on which it preys in order to dif- 
ferentiate it from a fisherman's lure; there- 
fore the species must adapt the IRM ac- 
cordingly. Otherwise, for lack of the ability 
to discriminate prey from a lure, the fish may 
be caught. Furthermore, it is obvious that the 
pike might not get enough to eat if it is un- 
able to discriminate between prey and non- 
prey. Thus survival needs necessitate maxi- 
mum discrimination capacities on the part of 
the IRM. 

However, within a species or where inter- 
species communication takes place, natural 
selection can quickly result in the evolution 
of special sign stimuli or releasers that will 
be understood easily by the reacting animal. 
Ethologists have stressed that similar move- 
ments or behaviors performed by unrelated 
species for communication purposes have 
completely different meanings, for example, 
tail-wagging by the dog and by the cat In 
related species the same movement is more 
likely to have the same social releaser value 
and meaning as well as the same genetic 
basis. 

Further important concepts of ethologists 
can be seen in their treatment of the oigani- 
zation of behavior. Lorenz (1937, 1950) and 
Craig (1918) distinguished between two 
types of behavior; the appetitive and aversive 
behaviors , and the consummatory act. Ap- 
petitive behavior consists of initially variable 
searching behavior that becomes more and 
more specific until the simpler and more 
stereotyped consummatory act, in response to 
a releasing stimulus situation, is performed. 
Aversive behavior has some similarity with 
appetitive behavior, but it continues until a 
disturbing situation is removed and the ani- 
mal reaches a state of equilibrium. Here the 
goal is not the discharge of any specific be- 
havior patterns (consummatory acts) but the 
cutting off of av^dlve-appetitive behavior, 


which noimally consists of undirected loco- 
motion. 

Ethologists do not make an absolute dis- 
tinction between appetitive behaviors and 
consummatory acts but postulate that there 
are many intermediate forms. These con- 
cepts, in effect, merely serve to mark 
extremes, with appetitive behavior being vari- 
able and plastic in character and the con- 
summatory act being relatively fixed and 
stereotyped. The consummatory act, in fact, 
is the same as the fixed action pattern and is 
usually oriented toward specific directions by 
a taxis. Taxes, it may be briefly noted, are 
oriented locomotory movements steei ed to a 
certain direction by stimulation. An example 
is the movement of an animal toward a source 
of heat or light, the direction of the move- 
ment being determined by the intensity of 
the stimuli. In most cases the consummatory 
act is at the end of a long chain of behavior 
patterns involved in the appetitive behavior. 
In some cases, however, the consummatory 
act occurs so quickly that the appetitive stage 
is not readily apparent unless the opportunity 
to perform the consummatory act is withheld 
thiough the imposition of some obstacle. In 
this case appetitive behavior becomes plainly 
evident as the animal makes persistent at- 
tempts to perfoim the consummatory act in 
question. 

Craig (1918) emphasized the notion that 
appetitive behavior is accompanied by a cer- 
tain readiness to act and that many of the 
behavior patterns performed during the ap- 
petitive act are not innate but are learned. 
For example, a thirsty animal may go to a 
particular location for water because it has 
previously encountered water there. But the 
end action — the consummatory act — in itself 
is always innate, as is the actual drinking be- 
havior. Further evidence of the innateness 
of the consummatory act is found in the oc- 
currence of incipient consummatory acts or 
intention movements during the appetitive 
sequence, when the adequate stimulus for 
the consummatory action has not yet been 
received. In other words, we may observe in- 
cipient drinking movements in the thirsty 
animal searching for water. 

Lorenz (1937, 1950) further enlarged 
upon this conceptualization of behavior by 
noting that there were observable fluctuations 
in the animal's readiness to perform fixed 
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action patterns. The ease with which a given 
sign stimulus elicits or releases the corres- 
ponding fixed pattern through the innate re- 
leasing mechanism (IRM) apparently is de- 
pendent upon how long it has been since the 
animal has last given that response and not 
on the animal's general fatigue. Lorenz thus 
developed the notion of action-specific energy 
to describe this phenomenon. According to 
his conceptualization, action-specific energy, 
that is, energy for a particular action, is pro- 
duced continuously in an animal's central 
nervous system. At the same time, this energy 
is held in check by some inhibitory mecha- 
nism until the appropriate stimulus releases it 
to certain muscular systems and the reaction 
takes place. The longer the animal has gone 
without performing the action in question, 
the more easily this behavior can be triggered 
off or released. In fact, in the case of a very 
prolonged absence of relevant stimulation 
during an appetitive behavior sequence this 
behavior can go off without there being any 
observable stimulus present. This special case 
Lorenz called the Leerlaufreaktion, or vac- 
uum activity. This phenomenon is very 
readily seen in captive animals deprived of 
their natural environment 

Lorenz (1966) cited as an instance of 
vacuum activity a hand-reared starling that 
had always been well fed from a dish but 
that nevertheless would take off suddenly 
from its perch, fly to the ceiling to catch an 
invisible insect, return to the perch, and 
* eat'" the insect. Likewise, dogs that are well 
fed will not lose their inclination to hunt and 
kill prey. 

On the other hand, if the relevant stimula- 
tion is repeatedly given, the animal's response 
can decrease to the point where there is no 
response at all. A jumping spider ( Salticidae 
family) catches prey by leaping at it rather 
than by building a web (Drees, 1952). A 
life-sized picture of a prey can be presented 
to this spider 30 to 40 successive times to 
elicit the attack response before it will cease 
responding in this way. If the spider is placed 
in a dark box for 2 hours, 10 to 20 more at- 
tack responses may then be elicited. Muscular 
fatigue is not the reason for the spider giving 
fewer attack responses than before, because 
if in, the two-hour interval the spider is kept 
in a long runway with lights at each end 
■ mr-md off, causing the 


spider to run back and forth constantly, it 
will, at the end of this period, still make 10 
to 20 attack responses to the picture of a 
prey. 

It should be noted that Lorenz's notions of 
the building up and dissipation of the ‘ reser- 
voir" of the readiness to react are an exten- 
sion of Craig's notions of appetitive behavior 
seeking the discharge of the consummatory 
act, especially as seen in the presence of 
incipient consummatory acts before the actual 
releasing situation has been encountered. 

Tinbergen (1951) has further enlarged the 
Craig-Lorenz behavior scheme by proposing 
that there is a hierarchical ordering of ap- 
petitive behaviors and consummatory acts in 
animal behavior. Tinbergen explained that a 
particular appetitive behavior does not usu- 
ally end in a consummatory act but, rather, 
leads to a stimulus situation that initiates 
other, more specific appetitive behavior. A 
chain of appetitive behaviors gives rise to a 
temporal sequence of moods (Stimmung), 
that is, readiness to act, thought to be an- 
chored in the central nervous system. Thus 
different levels of integration in behavior 
were seen by Tinbergen to be organized into 
a hierarchical system. 

An illustration of this is the reproductive 
behavior of the male stickleback, as de- 
scribed by Tinbergen (1951). In spring the 
gradual increase in length of day brings the 
fish into a reproductive state. The males first 
begin migration into shallow fresh water with 
the females. The rise in water temperature 
as the fish go further inland, together with 
the visual stimulation arising from suitable 
territory consisting of heavily vegetated sites, 
is then the instigator of the entire reproduc- 
tive behavior sequence in individual fish. 

After a male has established his own terri- 
tory his belly becomes red. This red belly, a 
nuptial coloration, is a characteristic of a 
male stickleback under a reproductive drive 
and serves a communication function, hav- 
ing an effect on both males and females of 
the species. At this point the male in the nup- 
tial coloration begins to react to particular 
stimuli that previously had no effect on it. 
This can be shown by the fact that if males 
caught during migration are put together in 
a bathtub they will all remain together in a 
school with the exception of one, who estab- 
lishes a territory by the drain plug chain* 
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This chain is the only structured element in 
the bathtub, and it is for this reason that a 
territory is established there. Furthermore, it 
provides enough territory for only one male. 
This male will now fight at the appearance 
of a stranger, begin to build a nest with any 
possible suitable material, and court passing 
females. Since the male's behavior depends 
principally on the stimulus situation, it is 
difficult to predict precisely what he will do. 
Fighting, for example, is released by the 
stimulus red belly on a male intruding into 
the fish's territory. But it is not possible to 
predict which of five known fighting move- 
ments will occur, since each is dependent 
on still further, highly specific stimuli, If the 
stranger bites, the territory owner will bite 
in turn; or if the stranger beats with its tail, 
the owner makes the same response. Fleeing 
will elicit chasing, and threatening will elicit 
threatening in turn. In summary, the stimuli 
emanating from an established territory will 
activate the fighting, building, and mating 


drives. The more specific stimulus red-bellied 
male activates only a general readiness to 
fight; the specific movements made are de- 
pendent on even more specific stimuli. 

Thus the ethologists conceptualize chains 
of behavior tendencies that are connected in 
higher and lower levels of integration. As 
Tinbergen postulated, the adaptive advan- 
tages of having a mood hierarchy rather than 
a stereotyped series of single, fixed action 
patterns lie in its flexibility in response to 
several situations. To Tinbergen and other 
ethologists it appears that there must be a 
structural organization within the central 
nervous system which parallels the lawfulness 
of behavior as indicated by the mood hier- 
archy As a matter of fact, much neurophysio- 
logical work has lent strong support to such 
a notion Weiss (1941) has shown a similar 
hierarchical organization of the central ner- 
vous system mechanism in motor processes. 
This hierarchical organization is almost ex- 
clusively below the level of the integration 



Fig. 1. Tinbergen s diagram of the hierarchical organization of instincts, superimposed on Weiss' 
diagram of th$ hhmcHcd organization of central nervous mechanisms. Weiss' highest level incorpor- 
« bp the mm ph^aomem m those placed in Tinbergen's hierarchy. (From Tinbergen, 1951,) 
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of the goal-forming fixed action patterns. A 
diagram integrating the hierarchical theory of 
Tinbergen with Weiss’s organization is shown 
in Fig. 1. 

Tinbergen’s hypotheses, of course, were in- 
tended as a simplifying scheme and do not 
cover all the possible complications that 
exist in the organization of behavior. For 
example, some of the behavior patterns pres- 
ent at the lower level, such as locomotion, 
can also be among the final effecting links 
in several different hierarchical organizations. 
Tinbergen’s notions and findings are particu- 
larly valued by ethologists because they link 
physiology of the central nervous system to 
behavior, an area of research which even at 
its very beginning represented a task of im- 
mense magnitude. 

The neurophysiology of behavior is cur- 
rently an area being worked on with gieat 
fervor. Such ethophysiological studies as 
those of W R. Hess (1943, 1944; also Hess 
and Briigger, 1943 a, b; Brugger, 1943), and 
especially those of von Holst and von St. Paul 
(1958, 1960, 1962), have not merely served 
to provide considerable evidence for Tin- 
bergen’s schema of behavioral organization 
but have also demonstrated the validity of 
such ethological concepts as action-specific 
energy or displacement activities, which were 
originally purely hypothetical constructs. Also 
of veiy great importance in von Holst’s work 
are the investigations involving the electrical 
elicitation of different drives at the same 
time. 

There are many instances, according to 
ethologists, in which the observed behavior 
is the result of moie than one drive acting 
upon the individual at the same time. This, 
of course, makes the analysis of behavior 
quite complex. Several types of such be- 
haviors have been postulated: successive am- 
bivalent behavior , simultaneous ambivalent 
behavior, redirected behavior, and displace- 
ment behavior. These are not considered 
mutually exclusive behaviors and can occur 
together in the same sequence of actions. 

In the case of successive ambivalent be- 
havior it is observed that the animal alter- 
nates between incompletely performed move- 
ments associated with conflicting drives. A 
classic example of successive ambivalent be- 
havior is that of the male stickleback’s "zig- 
zag” dance in the courtship of the female 


(Tinbergen, 1951). Tinbergen described the 
dance as an expression of two conflicting 
tendencies: to attack the female and to lead 
her to the nest. The “zig” toward her is actu- 
ally incipient attack, the "zag” leading hei 
toward the nest leflects sexual motivation. 
Van Iersel (Lorenz, 1966) confirmed this 
and showed by experimentation that the 
lengths of the zigs and zags indicate the 
relative strengths of the aggressive and sex- 
ual motives. Fuithermore, the alternation of 
the motivations has actually become ritual- 
ized in the stickleback, according to Lorenz 
(1966), so that a rhythmical zig-zagging 
occurs m the courtship sequence. 

Simultaneous ambivalent behavior is ap- 
parent when both of the conflicting drives 
are performed at the same time. Foi exam- 
ple, the “Halloween” threat posture of the 
cat, according to Leyhausen (1956), results 
from the animal retreating more lapidly with 
the front paws than with the rear ones, or 
by his advancing with the lear paws while 
retreating with the front ones. 

Rediiected behavior and displacement be- 
haviors, two other types resulting from the 
simultaneous presence of more than one 
drive, are two concepts which have been 
utilized frequently by psychiatrists and stu- 
dents of human behavior. We shall discuss 
their use of these concepts later 

Redirected behavior is postulated when 
one behavior is inhibited or suppressed by 
another motivation with the result that this 
behavior is directed to an object different 
from the one that really elicits it. For exam- 
ple, a male black-headed gull feeling ag- 
gressive toward its mate is at the same time 
inhibited from actual attack. Hence the male 
gull may redirect the aggression by attack- 
ing other birds or even an object if no third 
party is available. 

This is a relatively common phenomenon; 
in fact, many elements of courtship display 
have been interpreted as redirected aggres- 
sion. Several animal species normally do not 
have close contact between members, and 
courtship activity serves as a means of han- 
dling the aggressive responses that the close 
contact entailed by sexual reproduction 
elicits. As Baerends (1958) has shown, re- 
direction of aggression in the male cichlid 
fish Cichlasoma meeki during courtship ap- 
pears in incipient attacks toward plants. 
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Courtship behavior, of course, performs othei 
functions, such as the synchronization of the 
physiological cycles of the male and female. 

Moreover, aggression is one of the factors 
promoting sex recognition in a wide segment 
of the animal kingdom, especially where 
there is no distinctive sexual dimorphism. 
Oehlert (1958) demonstrated that m both 
of the two cichlid species he studied, Cich- 
lasoma biocellatum and Geophagus brasil - 
iensis, when two strange fish meet, thiee 
drives — sex, aggression, and fear — are always 
aroused simultaneously. However, the mixture 
of these three drives is veiy different for the 
male and female sexes in both species. In the 
males the sexual drive mixes with aggressive 
behavior very easily but becomes suppressed 
by even the most minimal flight drive In the 
female, on the other hand, the sexual drive 
superimposes with the flight drive with no 
difficulty, but aggression immediately inhib- 
its sexuality. In this way the formation of 
male-female pairs is guaranteed and the 
avoidance of homosexual pairs is accom- 
plished. In several other species it has been 
observed that fear dampens male sex drive, 
while aggression does the same for female 
sex drive. 

Hinde (1959) has suggested that in closely 
related sympatric species the sole differences 
in courtship behavior may be in the strengths 
and lelative intensities of the three drives of 
aggression, flight, and sex. It is these differ- 
ences that can have the effect of preventing 
the occurrence of hybridization between these 
closely related species. 

The final type of mixed drive behavior to 
be discussed is displacement activity. This is 
seen in conflict situations in which the animal 
shows behavior patterns that do not belong 
to either of two conflicting drives. At first 
such “irrelevant behavior” appears anoma- 
lous, but it has been observed that a particu- 
lar irrelevant act is often typical of a particu- 
lar set of conditions. For example, fighting 
cocks may suddenly peck at the ground as if 
they were feeding (Lorenz, 1935, Tinbergen, 
1939) and similar instances have been seen 
in other birds. The “irrelevant feeding” in 
this case, according to ethologists, results 
from a conflict between aggressiveness and 
fear. It appears to some ethologists that the 
neurological activity generated by the two 
conflicting behavior patterns “sparks over” 


into the third inappropriate behavior when 
these behaviors are blocked. Thus when an 
animal faces an opponent which it is moti- 
vated to attack but which it is afraid of, it 
may decide instead to peck at nonexisting 
food, according to Tinbergen (1952). 

Many types of displacement activities have 
been observed and described by ethologists. 
Such activities often occur when fighting and 
escape drives appear to be simultaneously 
aroused They are also veiy common in sex- 
ual situations. They can, of course, be aroused 
by combinations of other diives as well. 
Finally, they are apparently more likely to 
take place when the conflicting drives are 
relatively intense. 

The validity of the displacement activity 
construct has been considerably supported by 
the neurological work of von Holst and von 
St. Paul (1960, 1962), who studied the ef- 
fects of arousing different drives simultane- 
ously in an animal by means of electrode 
implants m the brains of chickens. At any 
time that two specific motivations were stimu- 
lated simultaneously, these researchers al- 
ways observed the same specific ambivalent, 
reduected, or displacement response by the 
animal. This indicates the same type of law- 
fulness found in nature wherein specific am- 
bivalent, redirected, or displacement actions 
are typically elicited by highly particular sets 
of conditions for each. 

THE DEVELOPMENT OF BEHAVIOR 
The Problem of the Phylogenetic Scale 

For many years comparative psychologists 
and other investigators of animal behavior in 
this country utilized the laboratory rat almost 
exclusively in their experimental studies. The 
many experiments on learning using rats as 
subjects were carried out with the assumption 
that the results of such studies were directly 
applicable to learning processes in all other ani- 
mals, including human beings, since it was 
believed that learning processes are qualita- 
tively similar for all species. With such a 
premise it appeared patently obvious that it 
would be unnecessary to study these processes 
in several different species. The rat was con- 
sidered representative of all animals. 

Today, no one is this naive; nevertheless, 
there is considerable need for sounding cau- 
tionary notes in interpreting the behavior of 
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one species on the basis of experimental re- 
sults obtained with another species. By virtue 
of their emphasis upon the genetic transmis- 
sion of behavior characteristics, ethologists 
have shown from the first a strong awareness 
that it is necessary to distinguish carefully not 
only among species but also breeds within 
species and even strains within breeds It has 
been only recently that behavior geneticists 
in this country have begun to appreciate the 
fact long stressed by ethologists that experi- 
mental results must either be considered as 
restricted to the animals fiom which they were 
obtained, or else tested on many species be- 
fore they are used as the basis for any gen- 
eralization. 

Yet there is sometimes an unwarranted 
tendency among seemingly hard-headed sci- 
entists to think in terms of explaining human 
behavior on the basis of animal behavior. This 
does not in any way imply that the notion of 
behavioral continuity between species should 
be denied. What is meant is that just because 
something is known about the effects of early 
social experiences on the later adult behavior 
of geese, for example, we cannot make infer- 
ences about the nature of the effects of early 
life experiences on the adult behavior of hu- 
man beings. Even if experiments on the effects 
of early social experience are carried out using 
primate species, we cannot necessarily make 
generalizations applicable to human beings. 
Just as inferences cannot be made regarding 
human visual perception on the basis of ex- 
periments carried out on lemurs, which lack 
color vision, we cannot make extrapolations 
regarding the social or intellectual behavior 
of man from data obtained on monkeys or 
apes. 

An extreme case of unjustified anthropo- 
morphism is given by the writings of Mon- 
boddo (1774). Monboddo, in attempting to 
prove that speech and language were not orig- 
inal attributes of man's behavioral capacities, 
argued that the orangutan and man belong to 
the same animal species on the basis of anat- 
omy and behavior. The name “orangutan,” in 
fact, comes from the aboriginal native word 
meaning “wild man,” and there were attempts 
to call this animal Homo sylvestris , thus plac- 
ing it in the same genus as man. So evidently 
anthropomorphism is nothing new! 

Not even extrapolation from one lower pri- 
..mate species to another is justifiable. For ex- 


ample, there is a very wide variety of so- 
cial systems among different primate species. 
South American howling monkeys have clans 
with no dominant male; spider monkeys have 
a similar structure, but contrary to most ape 
or monkey groups the female is emancipated 
and takes an important role in social activi- 
ties. Rhesus monkeys have, generally speak- 
ing, a harem-type social structure, with a 
dominant male heading a group The baboon, 
on the other hand, may have aggregations of 
harems. With the gorilla we find a social 
structure m which there may be a single male 
and some females and young. The only pri- 
mate that seems to fits at least some of our 
own notions of “proper” human social structure 
is the Lar gibbon, an animal that is supposedly 
monogamous with two parents raising the 
young and keeping their infants with them. 

Although infant-infant social experience 
can overcome the deleterious effects of three 
months of total social deprivation in the case 
of the rhesus monkey (Harlow and Harlow, 
1962), we cannot necessarily draw the con- 
clusion that the same would be true for an- 
other primate species such as the Lar gibbon 
m which there is apparently little mfant- 
mfant interaction under normal conditions. 
Furthermore, there is certainly no justification 
for making any suggestion that a similar phe- 
nomenon may be found in man, particularly 
since rhesus monkeys apparently can over- 
come the effects of total social deprivation for 
the first three months of life, whereas all the 
evidence to date appears to indicate the rather 
drastic effects of only partial social depriva- 
tion during the first six months of life in hu- 
man beings (e. g., Bowlby, 1951). 

Thus it is apparent that there is a need, 
through an exhaustive and comparative study 
of several species, to determine the relation- 
ship between social structure and normal be- 
havior. Then and only then is it possible to 
set up experiments in the laboratory that can 
take advantage of this information, and per- 
mit us to make some accurate predictions 
about specific effects of early social experience 
on later social behavior m other primates and 
human beings. 

It certainly has been implied often enough 
that along all intellectual lines the monkey is 
the animal closest to man. But there is one 
capacity in which an animal other than a mon- 
key (or ape) comes closer to man: the ability 
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to pick out the correct stimulus in terms of 
the number of discrete components it con- 
tains. Koehler (1943) showed individual birds 
a small box having a lid with a number of 
irregular black blotches randomly distributed 
on it. Then the birds were shown a group of 
several boxes, each having a different number 
of blotches on their lids. Although these boxes 
were all present simultaneously, the birds 
were able to select the one that had the same 
number of blotches on it as did the sample, 
even though the sizes and arrangement of 
the blotches were different. This box con- 
tained a food reward. These birds could do 
this with any number of blotches up to six 
or seven, the same level as that achieved by 
people. Kuhn (1953) and Hicks (1956) have 
shown that such a task is more difficult for 
the rhesus monkey to do since stimulus char- 
acteristics such as density, size, color, and 
shape interfere with their ability to use purely 
numerical cues; their maximum discrimi- 
nable number was three or four spots. It may 
be mentioned that Kellogg (1961) suggests 
that it is entirely possible that the intelligence 
of the dolphin is more like man's than is the 
intelligence of any lower primate, since the 
dolphin has an absolute brain weight and 
a brain weight-body weight ratio that are 
closer to the coi responding values in man than 
those of any other animal. 

All these considerations regarding the phy- 
logenetic relationships of behavior are entirely 
consistent with the ethological standpoint 
Both continuity of behavior as seen in closely 
related species and taxonomic groups as well 
as behavioral differentiation between spe- 
cies occupy prominent positions in ethological 
thinking. 

Ritualized Behavior and Evolution 

Fixed action patterns, as we stated earlier, 
are subject to evolutionary forces, with the 
evolutionary changes mentioned being the 
same as those that are known to occur with 
morphological or physiological features. 

The ethologists have postulated that there 
are two stages in the evolution of motor pat- 
terns. In the first stage there is a quantitative 
increase or decrease in the basic motor ele- 
ments, perhaps actual disappearance in some 
cases. In the second stage the basic motor 
units, almost unalterable in themselves, are 
coupled to or disengaged from each other. 


This coupling of previously independent basic 
motor elements into a new fixed sequence is 
part of the phylogenetic process that Huxley, 
an English naturalist, called ritualization in 
1914. 

Another part of the postulated ritualization 
process is the phenomenon in which a recently 
formed fixed action pattern may become mo- 
tivationally autonomous of the situation that 
originally aroused it, or dependent upon an- 
other motivation. An example of this phenom- 
enon has been described by Lorenz (1941) 
on the basis of the different forms of the fe- 
male’s “inciting” movement during courtship 
in the different species of swimming ducks 
( Anotinae family) . In the original form of this 
behavior (as it still exists in some species) 
the female attempts to separate the male from 
the group by inciting fights between her part- 
ner and other males. To do this she runs 
toward the strange male, but at a certain 
point fear overtakes her, and she runs back 
toward her mate. When she is close enough 
to him, however, aggressiveness again takes 
hold of her, and she stops and turns toward 
the strange male. This, Lorenz interpreted, 
results in her standing at the point of equilib- 
rium, near her mate, but stretching her neck 
toward the other male, making inciting move- 
ments. Here the angle between her body and 
her stretched-out neck is a function of her 
position and those of the two males. This 
behavior constitutes the unritualized form of 
incitement. 

In some other species the behavior has be- 
come fixed to the point that the female sim- 
ply stands near her mate and moves her head 
back over the shoulder, regardless of where 
the strange male is. In this case it appears 
that the movement is performed solely as a 
courtship act by the female. Lorenz considers 
the interpretation of this behavior as ritual- 
ized incitement to be further justified by the 
fact that still other species perform actions 
which are intermediate between these two 
extremes when in a similar situation (Lorenz, 
1941). 

In a third, less common phenomenon postu- 
lated in the ritualization process, the fixed 
action pattern ceases to be performed in dif- 
ferent degrees of intensity and is executed in 
one intensity only. In such cases the degree of 
motivation is not expressed in the intensity of 
the behavior but in how often the behavior 
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is repeated, much as the urgency of a tele- 
phone call may be recognized by the persis- 
tence of ringing rather than in loudness All 
fixed patterns with a single or typical inten- 
sity function as means of communication be- 
tween species members. Selection pressure 
would in these cases operate to enforce a 
quite simple and unmistakeable form of the 
movement, according to Morris (1957) 

The comparison of different species is the 
principal means by which the evolution of 
certain behavior patterns is deduced by ethol- 
ogists. During the course of ritualization orig- 
inal behavior patterns are very often changed 
into mimetically exaggerated performances 
through the increase of their amplitudes and 
frequencies. In addition, these behavior pat- 
terns are thought in some instances to be 
transformed by the evolution of additional 
structures. For example, the ceremonial feed- 
ing seen in the courtship behavior of many 
Gallica birds and pheasants often appears to 
have been transformed and accentuated by 
additional shaking movements, feather spread- 
ing, swelling of exposed vascularized skin 
structures, and sounds in one or another of 
these species. 

Since behavior patterns are regarded as 
species characteristics, they can be considered 
homologous m related species, as the preced- 
ing example of the female duck's “inciting” 
movement during courtship indicates. As a 
matter of fact, ethologists use the very same 
kind of criteria for determining behavior ho- 
mologies that comparative morphologists use 
for bodily features (Remane, 1956) . The three 
criteria they rely most heavily upon are (1) 
similarity in structure, that is, similarity in the 
spatiotemporal pattern of muscle contractions 
or movement, (2) similarity in order of oc- 
currence of movements , and (3) linkage by 
intermediate stages in different species. 

Thus the more fixed action patterns of dif- 
ferent species correspond with each other m 
their special characteristics — such as internal 
causal factois and releasing situations — as well 
as in the coordinations themselves, and the 
more complex these characters are, the more 
likely they are to be classified as homologies. 
Sometimes, of course, ethologists caution, sim- 
ilar structures, bodily or behavioral, can evolve 
independently of phylogenetic relationship in 
different groups of animals as a result of ad- 
aptation to the same environmental conditions, 


and in such cases they would be analogies . 
For example, food hiding in very different 
species may at first look homologous, but the 
similarity would actually be due to function 
and not to common history, since there are 
only a few ways m which food can be stored. 

Two somewhat different movements, how- 
ever, may be considered homologous to each 
other if they occur in the same place in a 
specific sequence of movements performed 
by the two related species in question. The 
courtship of the female by the males of the 
species Tilapia mossambica and Tilapia nilo - 
tica consists of the same sequence of move- 
ments, a, b, c , d, e> f,g,.. but at one 
point in the sequence the tail-wagging move- 
ments are comparable but different in the two 
species (Baerends, 1958). Furthermore, two 
different movements performed by different 
species may be considered homologies if in- 
termediate stages of these movements are 
found to be performed by other related spe- 
cies of the taxonomic group. It is considered 
necessary in such cases to have enough in- 
stances of intermediate stages between dis- 
parate forms for comparison as a cautionary 
measure to prevent the mistaken homologizing 
of similar-appearing but different activities in 
two related species. An illustration of this 
kind of homology has been provided by Lo- 
renz (1941). Males of many duck species 
perform an up-down movement with the head 
and bill while courting the female. Some 
species, however, do not perform this action, 
in its place they make a drinking response. 
Not only do these two different movements 
have some similarity, but other duck species 
show a range of forms intermediate to these 
two behaviors, leading all the more forcefully 
to the conclusion that these two different be- 
haviors constitute homologies of the different 
species in question. 

An interesting example of homologous be- 
havior is a specific movement that is now 
thought to be phylogenetically very old and 
extremely widespread among four-limbed ver- 
tebrates. This is the scratching movement. 
Thorndike (1899) observed that “the frog, 
lizard, chick, and cat all react to irritation of 
the head by scratching with the hind leg with 
a quick, repetitive motion that is staitlingly 
alike in the last three. Here we have an in- 
stinct which appaiently ranges over a sub- 
kingdom.” This scratching movement, made 
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by the hind limb raised over the front limb 
in the majority of these species, was subse- 
quently discussed in some detail by Heinroth 
(1930) and more recently by Lorenz (1958). 
Many birds have been observed to lower 
their wings in a rather peculiar way and 
reach forward in front of the shoulder with 
the leg, in spite of the fact that it would seem 
to be less clumsy for the bird to move its 
claw directly to its head without moving its 
wing, which is normally folded on its back 
and out of the way. Apparently the bird re- 
constructs the spatial relationship of the body 
that was possessed by its four-legged reptilian 
ancestor and thus behaves as if it had an ob- 
structing front leg. A few bird species such 
as stork, heron, and pigeon have developed 
the habit of scratching the easier way, but 
most have retained the original technique. 
There is even one species, according to Lo- 
renz (1958), which has learned to eat with 
its claws and brings them directly to the head. 
But when scratching, it still brings its claw 
over its lowered wing and cannot be trained 
to do otherwise. 

Other very clear examples of homologous 
behavior patterns are found in the courtship 
behaviors of ducks, as studied by Heinroth 
(1910) and Lorenz (1941) and in the same 
behaviors of pheasants and related fowl 
(Schenckel, 1956, 1958). 

Ethologists also believe that the concept of 
homonomies applies just as well to behavior 
patterns as to morphological forms. Morpho- 
logical homonomies refer to a series of organs 
possessed by the same species which have 
undergone differential modification. For ex- 
ample, the feeding legs of crustaceans have 
been found to be in actuality modified walk- 
ing legs, because there are a series of other 
limbs between the feeding legs and the walk- 
ing legs which represent intermediate forms 
between these two types. Behavioral homon- 
omies are postulated when animals perform 
both ritualized movements and the original 
ones from which they have been derived. An 
illustration of behavioral homonomies is given 
by grooming movements, which are used in 
social interactions as an expression of friend- 
liness and peaceful intentions. A friendly dog, 
as is well known, greets by licking and nib- 
bling. In some other animals movements ex- 
actly like, those used in grooming are also 
used as a greeting ceremony to a member of 


the same species before any actual physical 
contact has been made. 

While m many cases there appear to be 
extremely close similarities between highly 
ritualized movements, movements that appear 
obviously ascribable to homology, ethologists 
exercise caution in applying the concept. This 
is because expressive movements often serve 
the function of conventional signals in a given 
species Thus it is postulated that what a 
given movement signals is a phylogenetically 
evolved convention, just as the meanings of 
individual words in human languages are con- 
ventions Hence different meanings may be 
expressed by similar movements in different 
species — such as tail-wagging in the dog and 
cat — depending on the motivational situation 
from which they have derived. Also, in cases 
where similar movements appear in entirely 
unrelated species and there is no spread of 
these movements among other species in the 
same taxonomic groupings to provide evi- 
dence of phylogenetic progression, such move- 
ments are considered to have been acquired 
independently and aie certainly analogous. 
The rattling of the tail by the rattlesnake and 
the porcupine is such a case, for two differ- 
ent ^ taxonomic classes, reptilian and mamma- 
lian, are involved, and we do not find numerous 
instances of tail-rattling among other species 
of the vertebrate subphyla to which they both 
belong. 

At the present time ethological research on 
the genetics of behavior is still in its infancy, 
but it has every promise of becoming in- 
creasingly important and many theoretical 
implications concerning the mode of genetic 
transmission and the origin of behavior have 
already been made. Ramsay (1961), for ex- 
ample, repQrted on studies of the transmission 
of courtship behavior patterns in crossbred 
progeny of different species of ducks which 
he had observed since 1956. He crossed a 
male black duck and a female mallard. The 
courtship displays of the two parent species 
are essentially identical, but the F x generation 
hybrid performed several sequences that were 
characteristic of neither parent species. In one 
case there was an elimination of one move- 
ment in a sequence; it never gave the nod- 
swimming following the head-up tail-up dis- 
play. This display is omitted in the mallard 
only 7% of the time and in the black duck 
20% of the time in the typical sequence. 
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These percentages were based on approxi- 
mately 75 recorded observations for each ani- 
mal. In the hybrid the movement sequence of 
bill-shaking, grunt-whistle is reversed. Some- 
times in the parent species this sequence is 
tail-shaking, bill-shaking, grunt- whistle. In the 
hybrid this is reveised to grunt-whistle, tail- 
shaking, bill-shaking. This hybrid also showed 
other occasional deviations from pattern such 
as head-up-tail-up, down-up. 

Von de Wall (unpublished study) has also 
made studies of the genetic basis of courtship 
behavior in hybrid ducks. His hybrids per- 
formed motor elements in courtship that, even 
if not present in either of the different parent 
species, were distributed m the Anatinae fam- 
ily (swimming ducks) to which these species 
belong. Some hybrids performed integrations 
and coordinations that, again, were not pres- 
ent in any of the parent species but were pres- 
ent in certain other species of the Anatinae 
group. 

These studies have supported the etho- 
logical postulation, originally based on compar- 
ative studies, that certain complete series of 
fixed action patterns were primary, or orig- 
inal, in a taxonomic group, but that the 
absence of some of these fixed patterns in any 
member species of that taxonomic group is a 
more recent phenomenon. Although the basic 
components, or fixed action patterns, do not 
change their character as a result of crossing, 
their sequence can be rearranged. 

Courtship behavior is not the only behavior 
to which ethologists have applied their con- 
cepts of genetic transmission of behavior. Dil- 
ger (1962) has investigated nest material 
carrying behavior in F x hybrids of a male 
Agapornis roseicollis and a female Agapornis 
personata fischeri. Both of these species cut 
strips of paper or leaves and take them to the 
nest to be used for building. Fischeri carries 
the strips to its nest in its bill. Roseicollis, 
however, tucks the strips under the lower 
back and rump feathers, with their plumage 
erect while the material is being tucked, and 
then flies off to the nest. The remarkable thing 
about this difference in behavior between 
these two closely related species is that both 
have body feathers modified with tiny hooks 
whose function is to bind the feathers more 
closely to the body, but mseieoMis also uses 



The sequence of the roseicollis female's be- 
havior is composed of the following elements: 
the cutting of the strip, grasping of the strip, 
bringing the head back over the shoulder, 
erecting the lower back and rump feathers, 
tucking the strips between these feathers, 
bringing the head into the normal position, 
and lowering the back and rump feathers. 
This sequence is an innate pattern, the only 
changes due to experience being the subse- 
quent standardization of the size and shape of 
the strips. Strips that are accidently dropped 
are not picked up, but new ones are cut 
to take their place. Fischeri, which carries 
the cut strips in its bill, however, will pick up 
strips that lie on the ground. 

The nest-building behavior of the hy- 
brids resulting from a cross between these 
species is most interesting. They cut the leaves 
and tried to tuck them under their feathers, 
but their attempts never succeeded, for a 
variety of reasons. Sometimes the birds would 
tuck the strip under the feathers but be un- 
able to let go of it. In such cases, after re- 
peated attempts had been made, the strip 
would be abandoned and a new one cut. In 
some other cases the hybrid might be able 
to let go of the strip, but the feathers would 
fail to hold the material, probably from not 
being pressed against it. Sometimes the hy- 
brids would try to put the strips in inappro- 
priate locations such as the breast, belly, 
flanks, or wings. Quite commonly, the tuck- 
ing behavior would change into preening 
behavior. It was very clear that the hybrids 
were displaying a conflict between the ten- 
dency to carry the material in the feathers and 
the tendency to carry it in the bill. They were 
successful in getting material to their nests only 
when they carried it in the bill. But even 
when they carried the strip in the bill, which 
happened very rarely during their first at- 
tempts at nest building, they engaged in 
tucking movements. 

After two months of experience the hybrids 
made fewer tucking attempts before carrying 
leaf strips in the bill to the nest. Neverthe- 
less, two years passed before their behavior 
became more efficient and more like their 
fischeri parents. Even so, they continued to 
perform tucking movements. These move- 
ments themselves were performed better but 
were never successful as a means of carrying 
leaf strips to the nest. 
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Among other behaviors that have been 
studied with respect to genetic transmission 
are exploratory tendencies, temperature pref- 
erences, and even cocoon-spinning. Etholo- 
gists maintain that it is already evident that 
behavior patterns or their components are 
genetically transmitted from generation to 
generation in a fashion similar to that for 
physiological or moiphological characteris- 
tics. 

Intraspecific Aggression 

Although we have touched upon the role 
of aggression in mixed drive behavior and es- 
pecially in couitship behavior, we shall briefly 
consider specifically the function of aggres- 
sion between members of the same species 
because of the recent attention given by 
Lorenz ( 1966) and others to aggression m hu- 
man behavior. 

As with other behaviors, ethologists have 
studied aggression as it occurs in different 
animal species in terms of its function and 
survival value for the species concerned. Un- 
der natural conditions aggression has been al- 
ways found to have a positive function: the 
optimal spacing of the individuals of the spe- 
cies about the available habitat of that spe- 
cies. In fact, all species require territorial 
spacing unless the special interests of a so- 
cial organization demand close aggregation of 
its members. Otherwise the ecological niche 
of the area that serves a particular species 
will not have sufficient supplies to support 
all resident members of this species. The 
same area, of course, can support different 
species utilizing different niches. Lorenz 
(1966) has remarked that this is analogous 
to the fact that it is generally disadvanta- 
geous to society and to mechanics for all me- 
chanics to live and ply their trade in the same 
area, but a grocer and a mechanic do not 
take trade away from each other. 

Other positive functions of aggression have 
been known since Darwin (1859) asserted 
that it was always favorable to the future of 
a species if the stronger of two rivals takes 
possession of either the territory or the de- 
sired female. These, however, are special 
qases, subordinate to the principal value 
found in the proper spacing of the species, 
defense of the young is another positive fea- 
JUppst (1966) has sug- 
^ and 


baboons family defense has evolved the rival 
fight which in turn has selected for males 
more powerful and stronger than the females. 

A particularly interesting feature of ag- 
gression has been pointed out by Lorenz. 
This is the fact that strong and faithful in- 
dividual bonds (e.g., enduring pair forma- 
tion in mating) are found only in species in 
which there is measurable aggression. 
Whereas aggression can be found without 
personal bond formation, or “love,” Lorenz 
asserted that there is no love without aggres- 
sion. The differentiation between family, 
fiiends, and strangeis as individuals appears 
most strongly manifested m aggressive be- 
havior. this occurs in both humans and other 
animals. 

Innate Behavior in Man 

For several decades behavioristic psycholo- 
gists in the United States have stiongly re- 
sisted the very notion of innate behavior in 
man. There seems to be some tolerance to- 
ward the notion of innate behavior in animals, 
perhaps because for so many centuries the 
notion of instinctive behavior was applied 
only to animals on the basis of theologically 
derived concepts of the distinctiveness of 
man and his superiority over all lower ani- 
mals. Man, according to these concepts, 
could guide his actions by reason, whereas 
animals had only instincts to lead them to 
act. 

However, ethologists believe that it is pos- 
sible to apply many of the same concepts 
they have developed with respect to the 
study of animal behavior to human beings. 
Darwin (1872), of couise, had an ethologi- 
cal approach to human behavior. Craig 
(1918), one of the first modem ethologists, 
in discussing appetitive and consummatory 
behaviors, remarked, “all human behavior 
runs in cycles which are of the same funda- 
mental character as cycles of avian behavior.” 

Certainly human behavior is extremely 
complex and plastic. The degree of learning 
m the determination of behavior is probably 
higher in man than in most other animals. 
But in many instances ethologists have drawn 
parallels between human and animal be- 
havior, particularly from a phylogenetic view- 
point Such parallels, of course, are made 
with the understanding that in no case dp 
they necessarily Imply anything more than 
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an illustration of how ethological concepts 
may be applied as tools for the analysis of 
human behavior. At present studies of animal 
behavior can provide only ideas regarding 
human behavior. Ultimately, we must, if we 
are interested in the behavior of the human 
animal, do research with the human being 
as a subject This, of course, is not a simple 
matter, since if the human is both experi- 
menter and subject, numerous biases inimical 
to objectivity are present. We must guard 
against such biases as well as against an- 
thropomorphism. 

Lorenz (1943) has postulated that there 
is a releaser which is very widespread in the 
animal kingdom. This releaser is the quality 
we call “babyishness.” If the young and 
adults of several species aie compared for 
differences in bodily and facial features, it 
will be seen readily that the nature of the 
differences is apparently the same almost 
throughout the phylogenetic scale. Limbs 
are shorter and much heavier in proportion 
to the torso in babies than in adults. Also, 
the head is proportionately much larger m 
relation to the body than is the case with 
adults. On the face itself, the forehead is 



Fig. 2. Comparison of visual features provided 
by morphological characteristics of infantile and 
adult forms of four different species: human, 
rabbit, dog, and bird. While the infantile charac- 
teristics release parental responses, the adult ones 
do not. ( Firom Lorenz, 194S. ) 


more prominent and bulbous; the eyes large 
and perhaps located as far down as below 
the middle of the face, because of the large 
forehead. In addition, the cheeks may be 
round and protruding. In many species theie 
is also a greater degree of overall fatness in 
contrast to normal adult bodies. Figure 2 
shows a group of heads of young and adult 
humans, dogs, rabbits, and birds. Lorenz 
(1943) also remarked that the doll industry 
has conspicuously utilized these physical 
characteristics and, in fact, make dolls and 
other toys function as superoptimal releasers 
of mans mothering response. 

In the light of Lorenz's suggestions Cann 
(1953) conducted a study that gauged the 
positive responsiveness of men and women, 
single and married, parents or childless, to 
pictures of infant young and adults of several 
different animal species. These pictures were 
shown as a series of 53 pairs, each pair con- 
sisting of one baby and one adult of the same 
species, both printed in the same size. It was 
found that significantly more of the “baby” 
pictures were preferred over the adult pic- 
tures by single women and by childless mar- 
ried women than by single men and child- 
less married men. While women at different 
ages and marital and parental states tended 
to show about the same high degree of re- 
sponsiveness to the pictures of the babies, the 
responses shown by men tended to increase 
as a function of marriage and parenthood. 
The men whose wives were expecting for the 
first time showed greater responsiveness than 
did single men; those who had children 
showed even greater responsiveness. How- 
ever, the men never exceeded the women in 
responsiveness. 

The status of “babyishness” as a releaser 
in human beings has been further studied by 
Hess and Polt (1960) and by Hess (1967). 
In the earlier study it was found that when 
people look at pictures which arouse their 
interest their eye pupils enlarge significantly. 
There was also a difference between men 
and women in their pupil responses to pic- 
tures of babies. All these results were inde- 
pendent of illumination conditions. Women’s 
pupils enlarged considerably when they 
looked at such pictures, whereas men’s pupils 
showed very little change in size. This result, 
of course, substantiates Can n’s earlier results. 

Subsequently Hess (1967) reported on the 
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results of showing people progressively styl- 
ized drawings of human or animal faces 
This stylization was in a trend toward greater 
and gi eater babyishness m the appearance 
of the faces, culminating in the Walt Disney- 
type portrayal of infant and animal babies. 
Correspondingly greater pupil responses are 
elicited by greater babyishness, a result which 
appears to support the ethological notion that 
the quality of babyishness definitely has posi- 
tive appeal to people. This shows also that 
in man, as in other animals, social prescrip- 
tions and customs are not the sole or even 
primary factors that guarantee the rearing 
and protection of babies. This seems to in- 
dicate that the biologically rooted releaser 
of “babyishness” may have promoted infant 
care in primitive man before societies were 
ever formed, just as it appears to do in many 
animal species. Thus this releaser may have a 
high survival value for the species of man. 

Not only the quality of babyishness but 
also the apparently unconscious perception 
of the pupil size of other people during in- 
terpersonal contact appears to influence pupil 
size and other behaviors of people. Studies 
by Hess (1965), Stass and Willis (1967), 
and Simms (1967) have confiimed that pupil 
dilation itself functions as a signal in inter- 
personal communication, especially m hetero- 
sexual confrontations. In other words, the 
perception, even if not on the conscious level, 
of increased pupil size in a person of a dif- 
ferent sex acts as a releaser and triggers off 
a pupil size increase. This phenomenon is 
analogous to the “social releasers” which 
ethologists have observed in the social be- 
havior of animal species. In ethological stud- 
ies it has been found in very many instances 
that movements or specific behaviors of one 
animal act as “releasers” eliciting certain 
responses in the other animal perceiving 
these behaviors. Such responses can elicit 
still further behaviors in the original partner 
of the interacting pair. 

Not only the concept of releasers but also 
that of fixed action patterns is applicable to 
human behavior. In this connection it is in- 
teresting to note that Piaget, the Swiss child 
psychologist, has postulated that the child 
and infant have organized dispositions to 
perform certain invariant action sequences, 
or “schemas,” as he has termed them (see 
Piaget’s chapter 5 in this book). Piaget’s con- 


cept of schemas, as discussed by Flavell 
(1963) has certain similarities to the fixed 
action patterns, however, there are very 
fundamental differences in that Piaget in- 
cludes learned action sequences and specifies 
that they need not be overt. Thus innateness 
is not a criterion for the schema, although 
the true fixed action pattern would in all 
probability be regarded as a schema by 
Piaget, since reflex acts are considered 
schemas. Piaget further postulates that ex- 
perience in the use of schemas results in 
their differentiation; hence it does not appear 
that he directly considers endogenous mat- 
uration as a factor in the ontogeny of schemas. 

Nevertheless, the principal similarity be- 
tween Piagets schemas and the fixed action 
patterns is a striking one: a single schema 
constitutes a class of similar action sequences, 
these sequences of necessity being strong, 
bounded totalities in which the constituent 
behavioral elements are tightly interrelated. 
Piaget himself wrote, “every schema of as- 
similation constitutes a true totality, that is 
to say, an ensemble of sensorimotor elements 
mutually dependent or unable to function 
without each other” (Flavell, 1963, p. 54). 
Of further and considerable interest is the 
fact that Piaget considers the child to evi- 
dence functionally invariant, organized be- 
havior totalities from birth onward, with these 
totalities set in motion again and again. Al- 
though the child’s use of schemas does have 
a corrective function in the apprehension of 
reality, the child’s behavior toward the en- 
vironment definitely is not considered random 
or fortuitous. The child has strategies, or 
tools, that is, psychological organs, in the 
form of schemas, to deal with aspects of the 
environment which are responded to selec- 
tively and specifically. It is particularly evi- 
dent early in development that the elemen- 
tary schemas such as grasping tend to run 
off whenever an appropriate stimulus is pre- 
sented to the child. The belief in the lack 
of randomness in behavior elicitation is simi- 
lar to the ethological viewpoint on animal be- 
havior. While the schemas are defined as 
cognitive functions, Piaget considers that 
they have underlying action systems in the 
brain and, according to Flavell, has made 
some speculations on these. 

The smiling behavior of small babies is 
both a fixed action pattern in the ethological 
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sense and a schema in Piagets sense. Smil- 
ing therefore can be analyzed by ethological 
methods and m fact exhibits many of the 
phenomena which we have described for 
innate behaviors of animals. Eibl-Eibesfeldt 
(1967) is one ethologist currently studying 
smiling behavior m human beings, both chil- 
dren and adults. 

We have discussed the quality of babyish- 
ness as an elicitor of responses in people, it 
also seems that people elicit responses in 
babies, mostly those of smiling. Such smiling 
responses normally serve to further increase 
the appeal of babies to people and therefore 
serve a definite survival function m that both 
the babies and their caretakers are bound to 
each other. (See Maccoby, Chapter 23, and 
Kessen, Chapter 10, both in this book, regard- 
ing the social value of smiling behavior.) 

The earliest studies of the smiling response 
of babies dealt with the qualities of the 
stimuli which elicit smiling and the ontogeny 
of the response itself. It now appears, accord- 
ing to ethological thinking, that the human 
face constitutes an innate releaser of the 
smiling response. The investigations of Spitz 
and Wolf (1946), Wolff (1963) and Wilson 
(1963) have shown that the face has an 
innate positive value in eliciting smiling in 
babies. Wilson (1963), in particular, showed 
that assocation with food during nursing is 
not the factor that promotes the effectiveness 
of the face as an evocator of smiling. Food 
itself therefore is not the major factor in the 
socialization of human babies as reflected by 
the smiling response. This is analogous to the 
observation that during the primary socializa- 
tion of newly hatched precocial birds, the 
young will follow the parent long before it 
has any need for food; as a result of this ini- 
tial social experience the young bird becomes 
socialized to its own species. This is the 
phenomenon of imprinting, one of the areas 
in which ethologists and psychologists have 
done a great deal of investigation. Later we 
shall briefly discuss the relevance of the 
social imprinting phenomenon for the study 
of human development. 

It is of great interest that as long ago as 
1872 the phenomenon of smiling as a uni- 
versal characteristic of the human species was 
obffrved by Charles Darwin, one of* the 
early forerunners of present-day ethology. 
Darwin noted smimg could be seen in 


babies of every literate and preliterate cul- 
ture with which he had come into contact. 
The ubiquity of this behavior has been ex- 
pressed well by Wolff (1963), who termed 
smiling a “congenitally present expiessive 
movement.” 

One of the strongest suppoiters of ethologi- 
cal concepts m application to human develop- 
ment, especially in the sphere of social be- 
havior, has been John Bowlby (1957, 1958), 
who views smiling in the human infant as an 
instinctive behavior pattern and has drawn 
certain analogies between imprinting and the 
human mother-child relationship (discussed 
later). In outlining the similarity between 
smiling in the infant and innate behavior 
patterns found at the animal level, Bowlby 
(1957) presented the hypothesis that smiling 
behavior increases the infant's chances of 
survival since it makes the infant more ap- 
pealing to the mother. Bowlby further sug- 
gested the possibility that during evolution 
there has been a selection factor favoiing 
smiling behavior in man and that infants 
without this behavior pattern had a much 
higher mortality rate. Bowlby also noted that 
there is a specific stimulus which will elicit 
smiling in the infant. Ths stimulus consists 
of the schema of the human face and this 
can, of course, be considered a releaser in 
the ethological sense. 

Wolff (1963) reported a great many con- 
cepts regarding the smiling response of babies 
which are completely consistent with con- 
cepts that have been proposed by ethologists 
with respect to fixed action patterns, even 
though Wolff himself is not an ethologist and 
he declines any commitment as to whether 
he regards smiling as an innate behavior. 
Nevertheless, Wolff has strongly posited that 
“the infant is congenitally equipped ... to 
smile.” He also observed smiling by prema- 
ture babies, and on the basis of this con- 
cluded that the morphological mechanism for 
smiling is present extremely early in de- 
velopment: “the smile is not a contortion due 
to gas pains,” Wolff affirmed. 

Wolff, like Freedman (1966), noted that 
smiling occurs in newborn babies and those 
less than a month old in the absence of any 
external stimulation. This observation indi- 
cates that smiling at that time is aroused by 
central factors, not solely by peripheral stim- 
ulation, a notion which ethologists have 
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vigorously championed with lespect to in- 
nate fixed action patterns. Although this fact 
and the fact that blind babies also smile 
(Freedman, 1966; Eibl-Eibesfeldt, 1967) 
mean that smiling is not released solely by 
an external facelike visual stimulus, such 
facts are not at all in congruent with etho- 
logical thinking. One reason is that another 
important ethological concept, that of the 
“vacuum reaction,” is demonstrated. As may 
be recalled, the vacuum reaction occurs when 
centrally produced action-specific energy 
builds up to the point where the action is 
run off by the organism even though the 
normally relevant stimulus is not observable. 
Thus blind babies may smile, because they 
are morphologically and neuiologically con- 
stituted to smile; when the specific energy 
for smiling builds up to a certain level it is 
then discharged through spontaneous smil- 
ing, This spontaneous smiling, however, is 
relatively fleeting. And, of course, with blind 
babies smiling never comes to be elicited by 
visual, social stimuli during the second month 
of life, as happens with noimally seeing in- 
fants (Freedman, 1966). It can, however, 
come to be released through stimulation in 
other sensory modalities (Eibl-Eibesfeldt, 
1967). 

The existence of more than one releaser of 
the smiling response, as shown by Wolff 
(1963) and by Freedman (1966), constitutes 
a phenomenon which resembles that for many 
fixed action patterns of lower animals. The 
fighting response of the male of a tropical 
fish, Astatotilapia strigigena (Pfeffer), to pick 
only one such case, can be elicited by several 
different stimuli, all of which are character- 
istics of an intruding and attacking male 
(Seitz, 1940). Any single characteristic is 
about as effective as any other in eliciting 
fighting; however, if two are present, then 
the elicited fighting response is twice as great. 
The more stimuli simultaneously present, the 
more intense the fighting response of the 
fish. Thus the intensity of an innate fixed 
action pattern s performance can depend not 
only on what sign stimuli are present, but 
also on how many are present. Analogously, 
Wolff (1963) reported that month-old babies 
smiled more to a nodding, talking head than 
to either a merely nodding or merely talking 
head. 

However, unlike the stimuli that elicit 


fighting behavior in Seitz's fish, it was found 
by Wolff that different stimuli had different 
effectiveness m eliciting the smiling response. 
This is also the case with many other fixed 
action patterns, an example being the egg- 
retneving behavior of the ringed plover 
(Koehler and Zagarus, 1937), as mentioned 
earlier. Wolff observed that the bare face is 
more effective than a mask, a face with sun- 
glasses, or a mask with sunglasses, 

Wolff (1963) also reported evidence sug- 
gesting that the ethological concept of ac- 
tion-specific energy can apply to the smiling 
response in ways other than the existence of 
the “vacuum reaction.” The baby, Wolff 
noted, must be in the proper “mood” or 
readiness for smiling. The smiling behavior 
is exhaustible by sufficiently repeated presen- 
tations of a single stimulus and then may be 
elicited anew either after a period of no 
smiling or by a new stimulus. For example, 
a face may be presented from seven to ten 
times before smiling is depressed. Then, if 
a mask is presented, smiling can once more 
be elicited, but for fewer times, pei'haps five. 
Then, if sunglasses are added, smiling may be 
elicited about three more times. 

The applicability of the ethological concept 
of action-specific energy to smiling behavior 
is even more clearly seen in the observed 
presocial smiling of babies less than one week 
old (Wolff, 1963). During this age period, 
spontaneous smiling is seen only during states 
of irregular sleep or drowsiness. When smil- 
ing occurs under such conditions, there is a 
refractory period of five minutes or more be- 
fore the baby smiles again. At this age the 
performance of the smiling response also has 
a definite relationship in interaction with the 
performance of other behavior patterns. For 
example, there is an inverse relationship be- 
tween the frequency of smiling and frequency 
of other spontaneous behavior patterns in 
which the baby may engage, such as startling, 
rhythmical mouthing, sobbing inspirations, or 
stirring, according to Wolff. Similar frequency 
relationships between different fixed actions 
have also been observed in chickens by von 
Holst and von St. Paul (1960, 1962) in their 
neurophysiological investigations . 

The change in the character of smiling be- 
havior as an expression of spontaneous neu- 
rological discharge to one elicited by definite 
stimuli, as noted by Wolff (1963) and by 
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Freedman (1966), is another phenomenon 
that ethologists have noted in animal be- 
havior. This is that the innate releasing 
mechanism (IRM) may become increasingly 
selective toward sign stimuli during the life 
of the individual. Such a process is postu- 
lated to occur in all members of the species, 
not in just one individual. The increased 
selectivity may be of either of two types: 
(1) narrowing of the range of stimuli evok- 
ing a particular response through the drop- 
ping out of individual stimuli; and (2) selec- 
tion and strengthening of a few releasers out 
of a large range of potential releasers, with 
the result that only these <and not any of the 
others elicit the response. The second is the 
phenomenon seen in social imprinting of 
precocial bird species; the first is the phe- 
nomenon seen when habituation to specific 
stimuli of the innate behavior pattern occurs 
or when strong negative conditioning of 
aversive stimuli occurs. For example, the 
fright behavior to predators drops out with 
respect to moving leaves and twigs. Or, a 
toad will at first snap at all small objects, 
but after a single unhappy experience it will 
avoid bees and wasps. 

Hence we see that the human face be- 
comes increasingly effective as an elicitor of 
the smiling response in human babies; at 
the same time the response becomes in- 
creasingly selective as a function of age. 
This is because whereas eyes alone are ini- 
tially effective, greater and greater approxi- 
mation to the natural human face becomes 
required in order to properly elicit smiling 
behavior, according to Ahrens (1954). Simi- 
larly, Wolff (1963) found that touching the 
infants hands with his own and then patting 
his hands together three times in succession 
failed to elicit smiling until the infant was 
around the age of four to six weeks, when it 
suddenly became effective (precautions were 
taken to ensure practice effects were not re- 
sponsible) and thereafter was effective even 
when the baby was fussy. 

The notion of increased selectivity of the 
innate releaser mechanism as a consequence 
of the experience of the individuals of the 
species appears to also be applicable to 
smiling behavior. Ambrose (1963) pointed 
out that there seems to be an early sensitive 
period for smiling, and this sensitive period 
appears to be terminated by wariness of 


strangers. Ambrose regards the situation as 
analogous to the social imprinting phenome- 
non found in precocial animals wherein fol- 
lowing tendencies are teiminated at the 
appearance of fear of strange objects. The no- 
tion of the temporal coincidence of the ap- 
pearance of the fear of strangers by human 
babies with the ending of the sensitivity for 
learning primary social responses to people 
was proposed even earlier by Hess (1959b). 

The Value of Ethology to the Study of 
Human Behavior 

Fundamentally, it is the ethological atti- 
tude which is most valuable in the analysis 
of human behavior, rather than merely the 
use of the particular terms used by etholo- 
gists. An investigator does not need to be an 
ethologist or even to have had any direct 
contact with ethology to make behavior anal- 
yses which are congruent with ethological 
thinking. He merely must approach his sub- 
ject with a concern for the complete context 
in which observed behaviors occur, including 
biological bases and adaptive function. 

Ethologists have made a great many specu- 
lations on human behavior, and there have 
been several actual experimental investiga- 
tions. For example, von Holst (1938) demon- 
strated that relative coordination of move- 
ment occurs in man just as it does in other 
animals: if two arms are moving at different 
speeds, one twice as fast as the other, the 
faster arm will make alternate long and short 
sweeps in coincidence with the down and 
up strokes of the* slower arm And, of course, 
psychologists have known for some time that 
locomotion matures in human beings (Gesell, 
1947, McGraw, 1947) just as it does in ani- 
mals (Carmichael, 1926, 1927; Grohmann, 
1939). 

Lorenz (1943) has described a relatively 
stereotyped motor response which occurs in 
humans. The touch stimuli from an insect 
crawling on the skin release the action of 
throwing it off quickly with the hand. There 
is both a fixed pattern component and an ori- 
entation component in this reaction. Hence it 
is not simply a reflex. Tinbergen (1951) has 
suggested that this action, though maturing 
relatively late, is probably innate. 

The application of ethological concepts ap- 
pears particularly apropos to problems of hu- 
man development in both the ontogenetic 
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and phylogenetic sense. The behavior stereo- 
typies of captive animals, for example, have 
been observed to be akin to the behavior 
stereotypies that can be seen in orphaned 
children, as reported by Khmpfinger (1950a, 
b). The reiteration or perseveration of cer- 
tain movements by hospitalized children can 
also be seen in home-reared children whose 
mother has no child care helper and is very 
busy with her housework or her profession 
(Lorenz, 1955). Maternal deprivation thus 
appears as a factor in the etiology of this be- 
havior in children, just as social deprivation 
appears in the etiology of the cage stereo- 
typies of captive animals. 

Several ethological concepts currently are 
becoming increasingly important in applica- 
tion to human development. One such 
concept is that of “sensitive periods/' The no- 
tion of sensitive periods in development has 
been utilized since 1900 by Europeans in 
many different fields. Even before this there 
were several beginnings of the sensitive pe- 
riod notion in the work of the early embryolo- 
gists, notably Geoffroy-St. Hilaire (1822) and 
Dareste (1869, 1877). In biology, the Dutch- 
man de Vries (1899, 1901, 1905) applied it 
to the growth of plants. He found that there 
was a time during which environmental con- 
ditions could influence the form taken by 
poppy flowers of a particular variety; aftei 
this particular developmental^ 7 linked sensi- 
tive period had passed, such environmental 
conditions could no longer influence subse- 
quent morphological development, even 
though the development in question had not 
yet even occurred. In fact, de Vries himself 
used the term “sensitive period” to denote 
this phenomenon, which he also observed in 
the development of many other plants. 

In the beginning of the development of 
psychoanalysis Sigmund Freud (1905) stated 
the notion that there are sensitive periods in 
the early development of children. Freud 
postulated that injurious events during these 
periods had relatively lasting effects on adult 
behavior. In education, the Italian Maria 
Montessori (1936, 1949) applied the concept 
of sensitive periods fully to the mental de- 
velopment of children. At the same time 
Lorenz (1935), an Austrian, applied the no- 
tion to the imprinting phenomenon in the 
social behavior of precocial birds. 

, Lorenz observed the behavior of newly 


hatched geese, both in the company of the 
natural parents and when he presented him- 
self to the young , animals as a parental 
object before they had an opportunity to asso- 
ciate with their own parents. Because the 
latter animals later in life treated other hu- 
man beings as fellow species members and 
the former animals remained with their own 
species as a result of having first associated 
with their own parents, Lorenz (1935) con- 
cluded that species recognition was “im- 
printed” ( Pragung ) onto the nervous system 
of these young during the first period of ex- 
posure after hatching 

Under natural conditions imprinting serves 
its purpose quite well: the first object seen is, 
of course, the natural parent. Furthermore, 
the rapid attachment of the young to the 
parent is necessary for the survival of the 
young animal During the first days of life, 
the parent broods the young, protects it from 
predators, leads it away from dangerous situ- 
ations, and takes it to food objects in the en- 
vironment. 

Since the early 1950s imprinting has been 
extensively studied in the laboratory, particu- 
larly in the United States This work has been 
reviewed in papers by Moltz (1960, 1963), 
by Hess (1959, 1964), by Sluckin (1964), 
and by Bateson (1966). The results of 
laboratory investigation on imprinting car- 
ried out by Hess (1964) can be stated in 
five main points, each of which appears to 
make imprinting a phenomenon quite dif- 
ferent from the association learning commonly 
studied by experimental psychologists. 

1. In waterfowls there was a sharp and 
distinct critical period found by Hess. In the 
case of wild mallard ducks there is a peak of 
sensitivity to the imprinting process at about 
16 hours after hatching in socially isolated 
birds, after which time the sensitivity drops 
rapidly. By 32 or 48 hours of age the in- 
creased fear response of the young animal 
appears to interfere with further imprinting 
capability. Similar critical periods have been 
found for imprinting in other birds as well. 
Although they are not necessarily within the 
first day, all of them are in the very early 
life of the organism. 

2. The use of certain drugs, particularly 
muscle relaxants, interferes completely with 
the acquisition of the imprinting effect. These 
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same drugs do not interfere at all with the 
normal acquisition of a discrimination habit 
such as would be experimentally studied in 
a psychology laboratory. 

3. Massed practice is more effective than 
spaced practice. In addition, Hess discovered 
the law of effort , which states that the strength 
of imprinting is positively related to the 
amount of energy expended by the precocial 
hatchling bird in going to or in attempting to 
go to the imprinting object. 

4. Primacy and recency work in a way com- 
pletely different from association learning. In 
imprinting it is clearly the first thing that is 
“learned” which is retained, whereas in asso- 
ciation learning a primacy-recency experiment 
will show that the animal tends to respond to 
the last meaningful stimulus 

5. The effect of punishment, or painful 
stimulation, is the opposite of what occurs in 
an association learning situation. This notion 
is of particular interest in the field of child 
psychology and in psychiatry. A study on this 
phenomenon was published by Kovach and 
Hess (1963). 

In Kovach and Hess's investigation there 
are data on groups of chicks at an age close 
to the critical period peak of 13-16 hours 
after hatching, 18 hours, and at an age well 
beyond the critical period for imprinting, 48 
hours. At each age the experimental animals 
were given electrical shocks while in an im- 
printing apparatus with a model (a “parent” 
object) , while others received no shock in this 
situation. However, the animals that were 
shocked during the optimum period for im- 
printing actually followed the parent model 
significantly more than the control animals 
that did not receive any shock. The reverse 
was true for the chicks exposed at the age of 
48 hours. 

Although these results would be perplexing 
from the standpoint of association learning, 
they are not unreasonable from the standpoint 
of instinctive behavior and the normal sur- 
vival value of such behavior, in ethological 
terms. If, for example, in the natural situation 
the young animal were to be stepped on by 
the parent before it leaves the nest, it would 
not be biologically useful to have the young 
avoid the parent, leave the nest, and die. If 
anything, there seems to be an overcompen- 
sation for any punishment associated with the 


parental object since the animals receiving 
shock did follow better than the control ani- 
mals when the initial exposure occurred dur- 
ing the critical period. Anthropomorphicallv, 
it is as though the animal in a painful situa- 
tion depends at that moment on the parent to 
a tremendous degree insofar as survival is 
concerned, and will then seek to get even 
closer to the parent object. 

At least one paper published in the psy- 
chiatric literature seems to tie this phenome- 
non to behavior in young children. Menaker 
(1956) relates submissive behavior in a child 
with an unloving, powerful, exploitative, and 
dominating mother to innate mechanisms of 
submission which prevent species members 
from killing each other. However, it would 
appear that, in the light of the research in- 
volving imprinting and shock, the child who 
is in an essentially punishing relationship with 
the parent and reacts by idealizing the parent 
and picturing this parent as all-powerful and 
loving is doing much the same thing that a 
chick does during the critical period when it 
follows a model even more closely when pun- 
ished in its presence. The motor patterns 
involved in the two cases, of course, are dif- 
ferent and therefore not in any sense homol- 
ogous. It is not impossible that both sub- 
mission and intensified affiliation can operate 
innately in the human child and be vital to 
survival. Just as there is a selection pressure 
for a chick or a duckling to stay with the 
parent under the most adverse conditions, a 
similar selection pressure must operate with 
the human child who obviously could not sur- 
vive alone. 

The fact that most modern societies have 
made provisions to give children adequate 
physical care may obscure the functioning of 
a mechanism which would bind the child to 
the parent during his period of dependency 
even when he is physically punished. As Polt 
(1966) suggests, it almost seems as though 
the normal parent-child relationship implic- 
itly assumes that something of this sort op- 
erates. Whereas association learning would 
predict that when a child is chastised by the 
parent for an undesirable act, the child will 
associate the punishment with the parent as 
the agent of the punishment, the child in fact 
associates the punishment with the misde- 
meanor. 

Numerous theoretical papers have at- 
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tempted to delineate the relationship between 
socialization in human mfants and the imprint- 
ing phenomenon. Bowlby (1953, 1958, 1960), 
for example, has pointed oat several congru- 
ent features between the ethological findings 
regarding imprinting and psychoanalytic prin- 
ciples on the development of social attach- 
ments in human babies: the innate drive to 
make a “love” relationship with a parent fig- 
ure, the strong influence of the individual’s 
early love object on the selection of a love 
object (both sexual and parental) in adult 
life (a process which m abnormal cases in 
human beings may be carried to the point of 
pathological fixation) , and the critical or sen- 
sitive phases of development with reference 
to both the organization of the motor patterns 
adopted and the nature of the object selected. 

With regard to the notion of sensitive pe- 
riods for the establishment of emotional bonds 
between mother and infant, several writers 
have postulated specific ages for primary so- 
cial development to occur. Gray (1958) pro- 
posed the period of six weeks to six months, 
Hess (1959b) the first five and one-half 
months of age, Rollman-Branch (1960) the 
first six months, and Ambrose (1963) the age 
period from five to twelve weeks. 

Ambrose (1963) has contended that there 
are good grounds for drawing an analogy be- 
tween social imprinting and primary social- 
ization in humans. On the basis of his own 
earlier research with the smiling response 
(Ambrose, 1961), he suggested that the sen- 
sitive period for supra-individual learning of 
the human face starts at approximately the 
fifth week of life and ends at approximately 
12 weeks of age for family-reared infants and 
at approximately 18 weeks of age for insti- 
tutionalized infants. The postulation by Am- 
brose that the location of the sensitive period 
depends upon the nature of the caretaking to 
which the child has been exposed is congruent 
with the idea that the end of the sensitive 
period for social imprinting is delayed when 
the sensory-social input to the organism is 
below normal, a notion found in some other 
studies of social imprinting (e.g., Klopfer, 
Adams, and Klopfer, 1964). The supra-indi- 
vidual learning of the human face, further- 
more, was proposed by Ambrose as the human 
analogue of supra-individual learning of the 
species in precocial. birds. 

The question oi whether social imprinting 


exists in man has been a perennial one. This 
issue is certainly difficult and complex. One 
of the piincipal difficulties is that the baby 
cannot actually follow the parent at an early 
age, as is the case with precocial species which 
have demonstrated imprinting in primary so- 
cialization. Furthermore, it appears to many 
writers that primary socialization occurs in 
the human child before it is able to crawl. 

Gray (1958) has suggested that the smiling 
response is homologous to the following re- 
sponse of young precocial birds, particularly 
since it ends when a fear response to strangers 
appears, as we mentioned earlier. The com- 
parison between the fear response of young 
infants to strangers and that shown by young 
birds has also been made by Freedman 
(1961). However, it certainly is not permis- 
sible to homologize between avian and human 
species: the motor patterns of following and 
smiling are not the same. Besides, there is an 
insufficiency of cases of social imprinting in 
intermediate species. Also, just because there 
is a period of positive responsiveness and pos- 
itive attachment followed by the fear reac- 
tion, this does not establish the existence of 
a social imprinting phenomenon in human 
beings, as Ambrose (1963) has rightly con- 
tended. The distress behavior evident in young 
chicks or ducklings already imprinted to their 
siblings or to another parent object may pos- 
sibly reflect a searching for the lost compan- 
ionship rather than fear of the new situation 
per se. Thus, while fear may cause incom- 
patible response in birds which have been 
completely isolated socially since hatching, 
this may not be the case in socially main- 
tained ones. 

Other comparisons between social imprint- 
ing in birds and primary socialization in 
humans, however, have been suggested by 
Ambrose (1963). He pointed out the broad 
similarity between the nature of the innate 
releasing situations for smiling in babies and 
following in chicks and ducks, which are both 
releasing situations that involve mother ob- 
jects, Not only are there close similarities in 
causation, in his opinion, but there is also a 
close similarity in function. This function is 
keeping the young organism close to the 
mother object. Whereas the young chick or 
duckling can follow, the human infant is ut- 
terly incapable of doing so for several months. 
However, the human baby's crying normally 
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does serve to bring his mother to him from 
a distance and his smiling serves to keep her 
present when she is already nearby. Ambrose 
also pointed out that another similarity be- 
tween smiling m human babies and following 
in chicks and ducks is that both gain in re- 
sponse strength in the period of supra-indi- 
vidual learning of the species without any 
conventional reward such as food 

Lastly, Ambrose also postulated that the 
time at which fixation upon an object is possi- 
ble is a better criterion for the beginning of so- 
cial imprinting and the beginning of supra-in- 
dividual learning of the species in human 
babies than is the time when learning is hist 
evident, which Gray (1958) had proposed 
This is because, as Ambrose pointed out, a bird 
cannot learn its parent unless it can follow, and 
following of the parent is impossible unless the 
young bird can keep it fixated. Thus com- 
mencement of visual learning, he suggested, 
is conditional upon the achievement of the 
ability to fixate an object. In line with this 
notion Ambrose suggested that the mothers 
eyes are the first object to consistently elicit 
visual fixation by the infant, particularly since 
the studies of Ahrens (1954) and otheis have 
indicated that the smiling response is initially 
elicited by the eyes alone. It is of interest 
that Caldwell (1962) has also suggested that 
visual pursuit constitutes the “following” of 
the parent figure by the infant. 

However, the existence of these several 
similarities does not necessarily force the con- 
clusion that there is actually a phylogenetic 
connection between the imprinting phenome- 
non in birds and filial attachments to parents 
in human infants, as Hinde (1961) has 
pointed out. The synapsid and diapsid rep- 
tiles, from which mammals and birds arose, 
have been distinct since at least the Permian 
period of the Paleozoic era. Therefore paren- 
tal care and infant-to-mother attachment be- 
haviors probably have evolved independently 
in the two groups. Hence the similarities 
would more accurately indicate that these 
behaviors constitute analogies rather than ho- 
mologies, and they originate from similar 
selective forces in the evolutionary process. 

Hinde is undoubtedly correct with respect 
to the development of social attachment. 
However, it must be pointed out that if im- 
printing is a type of learning process which, 
as Hess (1964) has proposed, can be applied 


to a variety of situations in which specific 
behavior patterns are attached to a class of 
stimulus objects, such as food imprinting in 
chicks (Hess, 1962) and turtles (Burghardt 
and Hess, 1966), maternal imprinting in goats 
(Klopfer, Adams, and Klopfer, 1964), or 
environmental imprinting in a variety of spe- 
cies (as reviewed by Hess, in preparation), 
then imprinting is a genetically programmed 
learning mechanism which probably is very 
old phylogenetically. Indeed it seems likely 
that the imprinting process could have been 
independently seized upon by both mammals 
and birds for use in the development of so- 
cial behavior systems, as well as in other 
object-response relationships. Therefore the 
homology, if it exists at all, would be through 
the phylogenetic transmission of the imprint- 
ing phenomenon and not through the phylo- 
genetic transmission of parental care and filial 
attachment systems. 

It can be seen that the implications re- 
garding the effect of environmental influences 
during early life on the later behavior of an 
animal are now, and will become, increasingly 
important in the study of human develop- 
ment. Certainly the notion of stages or phases 
in psychological development in human be- 
ings is a very old one. The stages of baby- 
hood, childhood, adolescence, adulthood, and 
old age have been enumerated for centuries. 
Froebel (1826) long ago declared that events 
in each of these stages had consequences 
very important for succeeding ones, a notion 
which has assumed since then considerable 
importance in the investigation of the ontog- 
eny of behavior. To date very many sensi- 
tive periods have been suggested in the 
literature (reviewed by Hess, in preparation), 
particularly in the spheres of social-emotional 
behavior!? and intellectual activities. The very 
variety of these proposed sensitive periods 
shows that this will continue to be a fertile 
field of investigation for several decades to 
come. 

The concept of displacement activity, an 
extremely widespread phenomenon in the 
animal kingdom, has proven to be another 
notion of considerable interest to psychiatrists 
and other scholars in the area of human be- 
havior and development. The ethological 
concepts of ambivalent behavior and redi- 
rected activity have already been fore- 
shadowed for some time in the case of hu- 
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man behavior. Freud (e.g., 1905) clearly 
enunciated the concept of ambivalent mo- 
tivation in normal and disturbed persons 
Simultaneous love and hate is the best known 
case of such ambivalence Redirected be- 
havior, particularly in the foim of scapegoat- 
ing, has indeed been folklore. Banging tables 
or desks m anger and throwing crockery are 
some of the most common instances of this, 
as is also kicking the dog or scolding the 
wife after a harrowing day at the office. 
Lorenz (1966) has described several specific 
examples of scapegoating as instances of re- 
directed aggiession. 

Still other indications regarding displace- 
ment activities in human behavior may be 
found in remarks by Tinbergen (1951) and 
Morris (1967a) Tinbergen noted that 
learned activities as well as innate ones can 
function in this context. Examples of such 
learned activities include cigarette lighting 
and handling of handkerchief or keys; ex- 
amples of innate activities having this func- 
tion include head scratching and preening, 
often manifested in mild conflict situations. 
Women, for example, can often be seen ad- 
justing nonexistent disorder in their coiffure, 
while men handle their beards and mus- 
taches or cheeks and chins if clean shaven. 
Morris (1967a) has added to this list of hu- 
man displacement activities drinking, eating, 
nose scratching, nose picking, ear lobe pull- 
ing, lip licking, and hand rubbing. 

Makkink (1936) some time ago discovered 
sleep functioning as a displacement activity 
in the avocet when in a conflict between ag- 
gression and escape. It has since then been 
found in several wading birds. It is interest- 
ing in this connection that there is a wide- 
spread belief among many people, including 
college counselors, that fatigue commonly oc- 
curs as a response to frustration, anxiety, or 
boredom, rather than solely as a consequence 
of overexertion. Tinbergen (1951) pointed 
out that yawning is a low intensity manifesta- 
tion of sleep and is very commonly seen in 
moderate conflict conditions. Yawning, as 
most of us know from personal observation, 
is “catching” and it is rather amusing to find 
that the same phenomenon should occur in 
the ostrich, as reported by Sauer (1967). 

Contemporary psychiatrists have used the 
displacement activity concept in at least three 
ways as a tool for approaching human be- 


havior. Although each approach is somewhat 
different, each seems to provide a valid work- 
ing hypothesis at the human level. Naturally, 
these comparisons between human and ani- 
mal behaviors, just as with any comparison 
between different animal species, must be 
tested by appropriate means. This is the case 
even when behavior phenomena are as ubiq- 
uitous as are displacement activities: con- 
siderable caution must be taken m regarding 
the human examples as actual cases of dis- 
placement activities. 

The fact that many displacement activities 
at the animal level do not serve to maximize 
the survival of the individual or the species 
has been emphasized by Weigert (1956) 
She has related displacement activity to 
neurotic anxiety, which Freud considered to 
be the result of a frustrated libidinal impulse 
and which is, of course, basically detrimental 
to the individual. This interpretation of dis- 
placement activity emphasizes the nonfunc- 
tional aspect of neurotic behavior. At the 
same time it should be kept in mind that the 
conflict situation experienced by the individ- 
ual may, under certain circumstances, re- 
sult in the subhmination of libidinal energy 
into activities condoned by society, a point 
which was strongly made by Freud. 

Another way of viewing displacement 
activity is that taken by Ostow (1957). After 
drawing some parallels between the psycho- 
analytic and ethological concepts of instinct, 
he used displacement activity as an illustra- 
tion of a logical progression of development 
in man. Taking only the sexual instincts as 
an example, Ostow has hypothesized that the 
gratification of these instincts takes different 
forms duiing different periods of develop- 
ment and that the mechanism which leads 
from one form to another functions in the 
same way that displacement activity func- 
tions in lower animals. As one mode of grati- 
fication is inhibited, the instinct accepts 
another mode of gratification. In this way Os- 
tow traced the sexual aims in the psychic de- 
velopment of humans through oral, anal, 
phallic, and genital stages. 

The third view is that of Kaufman (1960 
a, b), who suggested, on the basis of his 
study of ethology, that in addition to the 
sexual and aggressive instincts in man, there 
might also be an instinct for flight. Kaufman 
has drawn heavily on work with displace- 
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ment activities since many of them are the 
result of a conflict between aggression and 
fear. He pointed out that with most infrahu- 
man animals components of sexual behavior, 
aggression, and flight are all built-in tenden- 
cies and that the same is likely to be tiue of 
man. Further, he has advanced the notion 
of the usefulness of this theoretical paradigm 
in the treatment of patients where shyness 
and timidity would not have to be construed 
as a reaction to hostile or sexual impulses, 
but as a drive in its own right, that is, as a 
low intensity manifestation of a flight ten- 
dency. 

Whereas the members of the human spe- 
cies have generally considered intraspecific 
aggression among themselves as antisocial 
and undesirable since it can be highly de- 
structive, Lorenz (1966) has taken the posi- 
tion that it has the same positive functions 
as it does in infrahuman animal species and, 
in fact, has had an important role in the 
formation of human society from the begin- 
ning of mankind's existence. “Aggression, far 
from being the diabolical, destructive princi- 
ple that classical psychoanalysis makes it out 
to be, is really an essential part of the life- 
preserving organization of instinct. Though 
by accident it may function in the wrong way 
and cause destruction, the same is true of 
practically any functional part of any system" 
(Lorenz, 1966, Chap. 3, p. 48). 

The observation of the various means by 
which aggression is dealt with in animal be- 
havior during interactions between congeners 
(members of the same species) prompted 
Lorenz to point out the existence of several 
similarities in human behavior. The aggres- 
sion drive, being primarily a species-preserv- 
ing instinct, arises spontaneously in the or- 
ganism and is subject to the same building 
up of specific energy and discharge that we 
discussed earlier for other instincts. The very 
same process can be seen in human beings, 
and Lorenz cited several instances of it. Re- 
direction of the aggression to other objects, 
superstitions, and ritual ceremonies are all 
among the means utilized by both lower 
animals and human beings to deal with in- 
tra-specific aggression. Culturally derived 
“manners," Lorenz pointed out:, have an ag- 
gression-appeasement function which immedi- 
ately becomes apparent through the reaction 
of hostility when a person fails to observe 


them. This can readily occur when people 
from different countries or even from differ- 
ent regions of the same country come into 
contact and are unaware that there are dif- 
ferences m what are considered “good man- 
ners." Similar observations have been made 
by a sociologist, Hall (1959, 1966). 

Our discussions of aggression, smiling be- 
havior, responses to babyishness, pupil re- 
sponses (as indicators of differences between 
males and females in biological reaction to 
specific pictorial stimuli, of personality dif- 
ferences, and as social-communicative signals 
in specific situations), and displacement ac- 
tivities have covered only a small range of 
ethology's great potential in making theoreti- 
cal and substantive contribution to the study 
of normal and abnormal human behavior. 
The large body of experimental data on the 
effects of early experience and imprinting 
has made it possible to draw parallels, though 
with considerable caution, and, in at least 
some respects, to test hypotheses generated 
by the animal work in relation to human 
early behavior. 

Of considerable importance is the appli- 
cation of the methods and techniques de- 
veloped by ethologists to the analysis of hu- 
man behavior. For example, knowledge of the 
normal behavior and the normal development 
of behavior are cases in point. The use of 
schematic representations to determine 
whether or not sign stimuli or releasers are 
operating at the human level, such as in the 
case of the smiling response to schematic 
representations of the human face, allow us 
to come to grips with certain aspects of early 
human behavior. 

The use of still other techniques which do 
not involve verbal responses may allow us to 
gain information regarding the development 
of attitudes and perceptions in the infant and 
growing child, either before verbal responses 
may be obtained or where verbal responses 
may not be trustworthy. Two examples of 
such techniques are the recording of changes 
in the size of the eye pupil (Hess, 1965), 
which has been used in a preliminary study 
of psychosexual development in boys and 
girls from the age of 5 to 18 years by Bemick 
(1966) and the recording of the length of 
visual fixation of different objects by human 
infants (Fantz, 1965). Both of these tech- 
niques are dearly ethological methods. 
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In the same vein, several studies on prox- 
emic behavior by sociologists and anthropolo- 
gists (e.g., Hall, 1959, 1966, Somer, 1959; 
Goffman, 1963) bear strong similarities to 
the ethological method of behavior study. 
Both emphasize the communicative (but non- 
verbal) function of such behavior, that is, 
the reaction of other individuals to specific 
actions that are performed. The use of space 
and the effects of population density are also 
allied to the ethological approach In fact, 
Leyhausen (1965), an ethologist, is studying 
the effects of population density on behavior. 

However, it is not only the ethological 
tradition of objectivity in behavior study that 
has importance for the study of human de- 
velopment. Of even greater importance are 
the twin concepts of the phylogenetic con- 
text of human behavior and the biological 
bases of this behavior. There are now many 
cases in which these have been or currently 
are applied to human behavior. 

One such is the investigation of actions ex- 
pressive of emotions. Indeed, Darwin (1872) 
was among the first to investigate this from 
a phylogenetic viewpoint. Other investiga- 
tors, ethologists or not, have studied the form 
and function of expressive actions in human 
beings from a functional and objective view- 
point, and this area of investigation has con- 
siderable promise. Scheflen (1964, 1965), a 
psychiatrist, has observed the existence of 
various “quasi-courtship” gestures functioning 
as communicative signals in interactions with 
others and apparently on an unconscious 
level. These gestures were discovered through 
the objective recording of the motor actions 
and body postures of participants in inter- 
personal situations and not through introspec- 
tion or verbal interviewing. Leg crossing, 
preening movements, sitting back or leaning 
forward, and arm folding were found to be 
among such movements and to be useful in 
establishing rapport and communication in 
psychotherapeutic situations. Blurton Jones 
(1967) has studied three- to five-year-old 
nursery school children with respect to facial 
and bodily motor expressions and the specific 
responses which these elicit from others, 
Wickjer (1967) has made a preliminary com- 
parison of sociosexual signals in man and 
other primates. 

A frankly biological approach to human be- 
may be fitted In genetics. This is a 


very young field that promises to become 
extremely fertile, particularly when the etho- 
logical premise of the biological bases of be- 
havior is accepted without racist handicaps. 
In my own unpublished research I have 
found a strong and highly consistent correla- 
tion between eye color and modes of per- 
ception and personality. Blue eyes were 
associated with form dominance m perception 
and a scientific attitude, whereas brown eyes 
were associated with color dominance in per- 
ception and a nonscientific attitude. The ge- 
netic bases of this obviously could be studied. 

The significance of the phylogenetic view- 
point in the consideration of human behavior 
is highly apparent in Lorenz's On Aggression 
(1966): “all specifically human faculties, the 
power of speech, cultural tradition, moral 
responsibility, could have evolved only in a 
being which, before the very dawn of con- 
ceptual thinking, lived in well-organized 
communities. Our prehuman ancestor was in- 
dubitably as true a friend to his friend as a 
chimpanzee or even a dog, as tender and 
solicitous to the young of his community and 
as self-sacrificing m its defense, aeons before 
he developed conceptual thought and became 
aware of the consequences of his action” 
(Chap. 13 p. 245). Also, Lorenz asserted, 
“if, in the Greylag Goose and in man, highly 
complex norms of behavior, such as falling 
in love, strife for ranking order, jealousy, 
grieving, etc., are not only similar but down 
to the most absurd details the same, we can 
be sure that every one of these instincts has 
a very special survival value, in each case al- 
most or quite the same in the Greylag and 
in man. Only in this way can the conformity 
of behavior have developed” (Chap. 11 p, 
218). These similar behaviors in the Greylag 
Goose and in man, Lorenz emphatically 
stressed, arose through convergence and not 
through common inheritance. Such conver- 
gence supports even more strongly the 
notion that these behaviors have highly im- 
portant species-survival functions. 

In closing, it would seem that the most 
significant contribution of ethology to the 
study of human development, in both the 
phylogenetic and ontogenetic senses, is the 
recognition that man is a biological organism, 
and that he has an evolutionary history. The 
present-day members of the species of man 
have an ancient repertoire of behaviors. 
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From the ethological point of view, the hu- 
man infant is not a completely naive being, 
but possesses a legacy of potential behavior 
patterns which at one time assured the sur- 
vival of the organism even without the aid 
of social learning or customs. Some of these 
innate behavior patterns involve elements 
of sexual behavior, aggressive behavior, and 
innate social responses. Recognition of these 
as part of our heritage is important because, 
in terms of man's evolutionary history, we 
are not at all far from the time when there 
were no widespread cultural influences upon 
our behavior. Without our built-in behaviors, 
we, as a species, simply could not have 
managed to survive for a million years. 

Indeed, as Desmond Monis (1967a) has 
suggested, man needs to face up to the accu- 
mulated genetic legacy of his whole evolu- 
tionary past, and as a result he may be ‘less 
worried and more fulfilled.” It is the realiza- 
tion that these potential, genetically program- 
med behaviors are present and that many of 
them must be channeled into quite different 
directions in our present-day civilized world, 
which may make the greatest contribution 
toward an approach to the pioblems of the 
human species and may have a tremendous 
impact on the search for mental health as 


well as a fuller understanding of human be- 
havioral development. In this connection 
Morris (1967a), in stating that basic biologi- 
cal changes rather than simply acculturation 
have been primarily responsible for the de- 
velopment of uniquely human behavior from 
its original primate form (one example is the 
incest taboo), has stressed his belief that 
“our unbelievably complicated civilizations 
will be able to prosper only if we design them 
m such a way that they do not clash with 
or tend to suppress our basic animal de- 
mands." 

This, of course, presupposes that we actu- 
ally do succeed m knowing just what our 
basic animal needs are. To assume, for ex- 
ample, that aggression is solely the result of 
bad training and environment is to close one's 
eyes to the evolutionary usefulness and possi- 
ble biological survival value of aggression, 
factors which surely must have a place in 
the make-up of man, as they do in all other 
animal organisms. If in this case alone the 
theoretical viewpoint becomes one in which 
aggression, when properly directed, is recog- 
nized as a useful biological consequence of 
man's inherent constitution, it would seem 
that ethology will have made a major con- 
tribution to the field of human behavior. 
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2. Genetic Influences on Behavior and Development 

GERALD E. McCLEARN 


The genetic data and principles most ob- 
viously relevant to problems of behavioral 
development are those that constitute the 
area of developmental genetics. The purpose 
of this chapter is to outline developmental 
genetics in general terms and to describe 
research that explicitly demonstrates genetic 
influence on behavioral development. Howev- 
er, the discussion of developmental genetics 
requires some acquaintance with concepts 
from the areas of transmission, quantitative, 
molecular, and physiological genetics. The first 
portion of the chapter constitutes a brief pres- 
entation of basic principles from these fields 
that are important for later discussion. 

MENDELIAN RULES AND CONCEPTS 

The origin of the modern field of genetics 
is generally traced to the discovery by Gregor 
Mendel in 1865 of certain “laws” that seemed 
to characterize the mode of action of heredi- 
tary factors, and the manner in which they 
are transmitted from one generation to the 
next. The publication of these laws in 1866 
caused no immediate stir in the biological 
world, and it was not until 1900 that Mendel's 
work was ‘rediscovered” and a period of in- 
tensive research was initiated. In the early 
years, much research was devoted to assessing 
the generality of the Mendelian laws. This 
generality was found to be very great indeed, 
with respect to both the variety of character- 
istics that could be shown to be describable 
in Mendelian terms and the variety of orga- 
nisms in which the laws could be demonstrated. 

Transmission Genetics 

It was not until some rime later that evi- 
dence concerning the physical nature of the 


hereditary material became available, so 
Mendel's laws were formulated in terms of 
hypothetical elements. These elements were 
named “genes.” Each individual organism was 
assumed to have two of each gene, with one 
member of this pair of genes contributed by 
the maternal parent, and the other by the 
paternal parent. A gene can exist in two (or 
more) alternative states, called alleles Two 
types of conditions can be described for any 
given individual with respect to a particular 
gene pair. Given the allelic state of the gene 
from one parent, that from the other parent 
must be either the same or different. If the 
two allelic states are the same, the individual 
is described as homozygous ; if the two allelic 
states are different, the individual is described 
as heterozygous. Now, if we characterize one 
possible allelic state of a gene as A and the 
other as A', it can be seen that there are two 
homozygous states, AA and A'A', and one 
heterozygous state , AA'. These are descrip- 
tions of the genotype of the individual with 
respect to this particular gene pair, 

A major conceptual development was the 
distinction between genotype and phenotype, 
or the observed characteristics of the individ- 
ual. There is a relationship, causal and di- 
rectional, from genotype to phenotype, but 
the relationship is not perfectly isomorphic. 
In different cases, different relationships of 
phenotype to genotype were discovered. Fig- 
ure 1 illustrates several of the relationships 
that may occur. Genotypes are shown along 
the abscissa with the ordering of the geno- 
types and the spacing between them based 
upon the number of A' alleles present. The 
ordinate displays the phenotype under con- 
sideration. If the phenotypic value of the 
heferozygote AA' is exactly halfway between 
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Fig. 1. Several different types of relationships of phenotype to 
genotype. 


the values of the two homozygotes, the system 
is additive. If the heterozygote has a pheno- 
typic value indistinguishable from that of one 
of the homozygotes, dominance is said to 
exist, and the allele of the homozygous parent 
from which the heterozygote is not distin- 
guishable is described as being dominant over 
the alternative allele. Intermediate situations, 
in which one allele is partially dominant over 
the other, are also possible In such cases the 
heterozygote lies somewhere between the half- 
way point and one of the homozygotes. 

Each individual begins life as a single cell, 
which is formed by the union of two gametes, 
the ovum, supplied by the mother, and the 
sperm, provided by the father. In the process 
of formation of the gametes, only one of each 


gene pair is included. In Fig. 2 three individ- 
uals are represented Each individual is shown 
as a square, with the genotype written within 
the square The phenotype is represented by 
the presence or absence of hachures. The A' 
allele is shown as dominant over the A allele. 
The process of gamete formation is indicated 
by the dashed lines and the resultant gametes 
are shown as small circles, each with a single 
allele designated. (Each gamete will actually 
receive many genes — one from each autoso- 
mal gene pair the parent organism contains — 
but our present discussion concerns only a 
single locus ) AA individuals can produce only 
A gametes, and A' A' individuals can produce 
only A' gametes. The heterozygote AA', how- 
ever, can generate both A and A' gametes. 
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The process by which these alternative alleles 
are distributed to gametes appears to be a 
random one, with equal numbers of each type 
of gamete being produced. Note that two in- 
dividuals that are alike phenotypically, A' A' 
and AA', differ in the types of gametes that 
they are capable of producing. 

Now let us assume a mating between two 
of the heterozygous AA' individauls. Each 
will produce equal numbers of A and A' 
gametes, which will unite at random. The 
situation is represented in Fig 3. Gametes 
from parent 1 are shown m the columns; 
gametes from parent 2 are shown in rows. 
The four cells of the table represent the four 
possible genotypes that can arise from such a 
mating. In genotypic terms, there are three 
possibilities: AA, AA', or A' A' Phenotypically, 
there are only two outcomes, “hachured” and 
“nonhachured.” The ratio of stippled to non- 
stippled is three to one. This is the classic 
Mendelian ratio to be expected in offspring 
between two heterozygous individuals when 
there is complete dominance 

Other matings would provide other results. 
Consider, for example, the mating of an AA 
with an AA' individual. Figure 4 shows the 
possible outcomes. The outcome of yet other 
matings can be easily described. Matings of 
AA with AA will yield only AA offspring 
Matings of A' A' with A' A' will give only A'A' 
offspring Now, in three of the mating types 
mentioned, AA offspring can result An AA 



Fig. 3. Possible offspring genotypes resulting 
from random union of gametes from two hetero- 
zygous (AA') parents. 


AA Parent gametes 



Fig. 4. Possible offspring genotypes resulting 
from random union of gametes from one homo- 
zygous (AA) and one heteiozygous (AA') 
parent. 


offspring of mating AA with AA' individuals 
will necessarily have received one of its A 
alleles from the AA' parent That A allele has 
been in residence with an A' allele during the 
life of this heterozygous parent On the other 
hand, an AA offspring of a mating of an AA 
with an AA individual will receive A alleles 
that have only been in the company of other 
A alleles in the previous generation. Yet these 
two types of AA offspring are indistinguish- 
able phenotypically, as well as genotypically. 
The alleles are not influenced by association 
with a partner of a different type. 

Another extremely important Mendelian 
principle involves the consideration of the 
segregation of more than one gene pair at a 
time. Assume that, in addition to the gene 
pair A-A', we have another gene pair B-B'. 
The rule of independent assortment refers to 
the fact that in gamete production the “selec- 
tion” of a particular member of one gene pair 
does not influence the (random) selection 
from another gene pair for inclusion in the 
same gamete. A double heterozygote individ- 
ual, AA'BB', would therefore produce gam- 
etes AB, A'B, AB' and A'B' in equal quantities. 
Operation of this rule is subject to some re- 
strictions, which will be described later. 

The traits to which the simple and basic 
Mendelian rules can be applied most directly 
are dichotomous traits, in which the individ- 
ual may be unambiguously assigned to one 




42 GERALD E. McCLEARN 


or another group. This situation is most fre- 
quently encountered in the case of rare abnor- 
malities, although some "single-gene” condi- 
tions determine traits which fall in the normal 
range of variability. With human subjects, 
the classical method of studying such situa- 
tions involves examination of family pedigrees. 
Clear-cut dominance or recessivity is fre- 
quently revealed by the pattern of transmis- 
sion from one generation to the next. If a 
rare trait is determined by an allele that is 
dominant over its partner, affected individuals 
appear in each generation, and about half of 
the offspring show the characteristics. There 
is an easily understood explanation of this 
typical pattern. In the case of a rare condi- 
tion, the affected individual probably will be 
heterozygous because, if the condition is rare, 
the alleles will be rare, and the liklehood of 
two such rare alleles combining in one indi- 
vidual will be remote. The affected individual, 
usually married to a phenotypically normal 
partner, can produce only two types of gam- 
etes with respect to this gene pair: one-half 
of his gametes will contain the dominant, 
trait-producing allele; the other half will con- 
tain the "normal” recessive allele. All of the 
alleles provided by the normal parent will be 
of the normal "recessive” variety. Therefore 
half of the offspring of one affected individual 
will receive only recessive alleles from each 
parent, whereas half will receive a recessive 
allele from the normal parent but the domi- 
nant allele from the affected parent. 

In case of a recessive characteristic, the in- 
dividual who displays the characteristic must 
be homozygous for the recessive alleles. An 
affected individual may appear in the progeny 
of the mating of two normal parents because 
in each of them the effects of the recessive al- 
lele are masked by the presence of the domi- 
nant "normal” allele. Since each of the parents 
can produce two types of gametes in equal 
number, the probability of the recessive alleles 
uniting is equal to ^ X ^ 

The principles that yield these outcomes 
are, of course, probabilistic ones, and pedi- 
grees departing considerably from these 
"ideal” types are encountered in practice. 
Thus, simply by chance, some families con- 
sisting of four children from the mating of 
two heterozygous parents will have no affected 
individuals; others may have one, two, three, 
or four. 


Single Genes and Behavior 

A number of traits are known, both in ani- 
mals and human beings, in which single genes 
have important influence over behavioral char- 
acteristics. Probably the best known of these 
conditions is phenylketonuria, or phenylpyru- 
vic idiocy. This condition was first described 
as an etiological entity by Foiling in 1934. 
Individuals homozygous for the recessive al- 
leles suffer from a metabolic abnormality, to 
be described in more detail later; and, often 
but not always, they suffer from a severe de- 
gree of mental retardation. 

A condition known as Huntington's chorea 
provides an example of a trait inherited as a 
dominant. This condition is characterized by 
the onset of neural degeneration in adulthood 
and the development of psychotic behavior. 

Ability to taste a substance called phenyl- 
thiocarbamide is also dependent upon a single 
gene pair. Individuals possessing one or two 
of the dominant alleles find the substance to 
be extremely bitter. Individuals homozygous 
for the recessive allele find it to be tasteless. 

Animal research provides many examples 
of single gene pair influence on behavior. A 
whole series of conditions bearing names such 
as Shaker, Jerker, Pirouette, Fidget, Jittery, 
Trembler, and Reeler have been described in 
mice. These conditions variously involve ves- 
tibular or neural defect, and they are char- 
acterized by head shaking, body trembling, 
and difficulties in locomotion and maintaining 
balance (see Griineberg, 1952). The albino 
gene in the mouse, which can be easily stud- 
ied because of its obvious effect upon coat 
color, has been shown also to have effects up- 
on performance in water escape learning 
(Winston and Lindzey, 1964), activity, and 
emotional responses (DeFries et al., 1966), 

A single gene pair in fruit flies has been 
shown to affect mating behavior (Bastock, 
1956), and a complicated series of behavioral 
responses involved in removal of diseased lar- 
vae by honeybees has been shown to be 
under the influence of two gene pairs (Roth- 
enbuhler, 1964). Worker bees homozygous 
for the recessive alleles of each of these gene 
pairs will both uncap the cells of the diseased 
larvae and remove them from the nest. The 
presence of a dominant allele of one of the 
gene pairs results in the failure to remove the 
diseased larvae after uncapping; a dominant 
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Fig. 5. Normal human chromosome complement. Female on left, male on right. ( a ) Photomicrograph, 
(h) Arrangement of chromosomes into standard karyotype arrangement The sex chromosomes are 
shown m the right-hand column of each karyotype display. The two X chromosomes of the female 
are shown m the top row, the single X of the male is also shown in the top row, and the small Y 
chromosome is shown below it in the bottom row. The other chromosomes, the autosomes, are ar- 
ranged by pairs m order of descending size. ( Furnished by Professor A. Robinson. ) 


allele of the other pair results in the failure 
to uncap. 

The preceding are examples of major gene 
effects on behavioral phenotypes. As we shall 
see later, more complicated models are re- 
quired to account for many quantitatively 
distributed traits of particular interest to be- 
havioral scientists where major gene effects 
are not present. Nevertheless, the demonstra- 
tion of the operation of the basic laws in 
behavioral phenotypes permits us to proceed 
to the more complex formulations with con- 
fidence. 

CHROMOSOMES: PHYSICAL VEHICLES OF 
THE HEREDITARY MATERIAL 

The first insight into the physical nature of 
the genes came through observations of par- 
allels between the rules governing Mendel's 
hypothetical elements and the actions of small 
bodies within the nucleus of cells. These small 
bodies were found to stam selectively under 
certain conditions and were therefore named 
chromosomes. Like Mendels elements, the 
chromosomes exist as paired entities. During 


gamete formation, each gamete receives only 
half of the total number of chromosomes, one 
of each pair. Ingenious researches provided 
evidence that the chromosomes were indeed 
the physical vehicles of the genes, and that 
the genes were linearly arranged along the 
length of the chromosomes. Each gene pair 
has a relatively fixed position, or locus, on a 
particular chromosome. The number of chro- 
mosomes is generally constant within the cells 
of an organism and across organisms within 
a species Species differ from one another in 
chromosome number; however, the number 
provides no clue to phyletic status. Mice pos- 
sess 20 pairs, crayfish 100 pairs, fruit flies 
( Drosophila ) 4 pairs, and man 23 pairs. Fig- 
ure 5 shows a normal human chromosome 
complement. Figure 5a shows the chromo- 
somes as seen in the microscopic preparation; 
part b presents the same chromosomes ar- 
ranged in groupings according to size and. 
other characteristics. Because of the stage at 
which the cells were prepared for examina- 
tion, each individual member of the chromo- 
some pair appears doubled. This is because 
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it was in the process of replication at the time 
of preparation. 

Linkage 

The linear arrangement of genes on chro- 
mosomes accounts for a restriction of the free 
operation of the law of independent assort- 
ment described earlier. As long as the two loci 
under consideration are on different chromo- 
somes, the law of independent assortment 
holds. If the two loci happen to be on the 
same chromosome, then there is a tendency 
for the alleles to assort together during gam- 
ete formation. This linkage is not complete 
and absolute, however. Gamete formation is 
distinguished by a process called meiosis. 
During meiosis, the two members of a chro- 
mosome pair line up adjacent to one another. 
At one stage of meiosis, they may cross over 
one another and, with breakage and reuniting 
of the broken ends, may exchange homologous 
portions. For example, let us suppose that we 
are concerned with three particular loci out 
of the very many loci that will occupy the 
length of the chromosome. Let us assume that 
an individual received a chromosome from 
his father which contained an A', B, and C' 
allele, whose loci are arranged as shown in 
Fig. 6. Assume further that the maternal 
chromosome contained alleles A, B', C, at 
these loci. The individual in question is there- 
fore heterozygous for the three loci. The al- 
leles will not randomly and independently 
appear in the gametes formed by this indi- 
vidual. If a gamete contains A', the proba- 
bility is greater than one-half that it will also 
contain B. Crossing over, and the exchange 
of genetic material, is a function of the linear 
distance between loci. Therefore crossing over 
would, in our hypothetical example, occur 
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AB'C will be more 
frequent than the 
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sequences A'B'C, 

ABC', A'BC , and AB'C' 


Fig. 6. Gene linkage and crossing over. 


much more frequently between the B and C 
locus than between the A and B locus. That 
is, the contingent association of the latter 
would be much higher than that of the former 
pairs of loci 

It is important to note that linkage of two 
loci does not imply a permanent correlation 
of the traits determined by these loci in the 
population Over a sufficient time period, 
crossing over will have occurred often, and 
the association of, say, A with B, of A' with 
B, of A with B', or of A' with B' will simply 
be products of the relative fiequencies of these 
alleles in the population’s gene pool. The 
constraint of linkage therefore has implica- 
tions for the contingent transmission of alleles 
affecting different traits over a few genera- 
tions, but it does not cause a permanent 
correlation between these traits in the popu- 
lation after many generations of random 
mating. 

Sex Linkage. A special kind of linkage 
relationship is attributable to the chromo- 
somal basis of sex determination. Two kinds 
of chromosomes may be distinguished. In the 
autosomes, which in man number 22 pairs, 
the individual members of the pairs appear 
to be equal, both in terms of microscopic 
appearance and also in terms of having the 
same loci arranged in the same order. In the 
males of man, mouse, fruit fly, and many 
other organisms, there is an inequality of 
the members of one chromosome pair, the 
sex chromosomes. The longer of the sex chro- 
mosomes is called the X chromosome, and 
the shorter one the Y chromosome. Females 
possess two X chromosomes. Males, on the 
other hand, possess one X and one Y chro- 
mosome. It appears that the small Y chro- 
mosome contains no or very few loci homol- 
ogous to those on the X chromosome. Thus 
a recessive allele on the X chromosome of a 
man cannot have its effects masked by the 
presence of a dominant allele on the Y chro- 
mosome. In other words, the concepts of 
homozygosity and heterozygosity do not ap- 
ply to sex linked loci in males. This situation 
produces some interesting patterns of trans- 
mission. Note that females can only produce 
X bearing ova. Males can produce both X 
bearing and Y bearing sperm. A male will 
therefore have received his only X chromo- 
some from his mother, and he cannot transmit 
it to any son. 
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Red-green color blindness is a classic ex- 
ample of a sex linked trait in man Women 
who are homozygous for the recessive alleles 
cannot distinguish the two colors readily or 
at all. Heterozygous women or those homo- 
zygous for the dominant allele have normal 
color vision. A male has only one allele, and 
if it be the dominant, color vision will be 
normal; if recessive, color vision will be de- 
fective As a consequence of these relation- 
ships, certain regularities ensue. All normal 
visioned daughters of color blind men must 
be heterozygotes. If they marry normal color 
visioned men, one-half of their sons, on the 
average, will be color blind. A color blind 
woman will have received one recessive allele 
from her father, who must therefore be color 
blind, and one from her mother. 

One characteristic of sex linked conditions 
is that the frequency of occurrence is much 
greater in males than in females. The reason 
for this inequality in incidence can be readily 
understood. Let p represent the proportion 
of the dominant allele in the population, and 
q represent the proportion of the recessive 
allele. If mating is at random, the probability 
of a recessive allele combining with another re- 
cessive allele in a female child is q X q = q 2 . 
For males, however, the frequency will sim- 
ply be equal to the population frequency, or 
q. Since these values are stated as propor- 
tions, q 2 is much smaller than q An extension 
of this reasoning permits the estimation of 
the number of heterozygotes or “carrier” 
women in the population The probability of 
two dominant alleles uniting is p 2 , and the 
probability of heterozygote combinations is 
equal to 2 pq. The frequency of color blind 
males in the population, which, as we have 
seen, estimates q directly, is approximately 
.08. By subtraction, p must equal .92, and p 2 
therefore is equal to .85, which represents 
the number of homozygous normal females; 
2 pq is equal to .15, which is the frequency 
of “carriers,” and q 2 , the frequency of color 
blind women, is less than .01. 

Chromosome Anomalies and Behavior 

Ordinarily, in the process of gametogene- 
s is, the duplication of chromosomes in a cell, 
and their subsequent allocation to daughter 
cells, is accomplished with great precision. 
Occasionally, however, mistakes occur which 
result in the formation of gametes with ab- 


normal chromosomes or an abnormal number 
of chromosomes. One such error is nondis- 
junction. In nondisjunction, both chromo- 
somes of a given pair go to the same daughter 
cell, with the result that one of the gam- 
etes formed will have the normal complement 
plus one extra chromosome, whereas the 
other gamete will have the normal comple- 
ment minus • one chromosome. If an egg 
which has an extra chromosome due to non- 
disjunction is fertilized by a normal sperm, 
the resulting zygote will have the normal 
pair of chromosomes for all except one, which 
will be present in triplicate. This condition 
is known as trisomy. Similarly, an egg lack- 
ing one chromosome, fertilized by a normal 
sperm, will give rise to a condition known 
as monosomy in which one chromosome is 
present only in a singlet. Similar results oc- 
cur, of course, when abnormal sperm fer- 
tilize normal eggs. 

Autosomal Trisomy. The well-known and 
intensively studied synch ome of mental re- 
tardation known as Mongolism or Down’s 
syndrome was one of the first human syn- 
dromes in which a chromosomal anomaly was 
described. Lejeune et al (1959) and Jacobs 
et al. (1959) almost simultaneously reported 
that mongoloid individuals possessed 47 in- 
stead of the usual number of 46 chromo- 
somes. Detailed analysis revealed that the 
extra chromosome was a small one with cy- 
tological features that identified it as number 
21. This discovery illuminated greatly the 
etiological picture of Down’s syndrome, 
which had become a confusing assemblage 
of contradictory evidence concerning various 
genetic hypotheses and hypotheses about en- 
vironmental causal factors. The “accidental” 
nature of nondisjunction renders irrelevant 
speculation over whether the trait is inherited 
as a dominant or as a recessive. Similarly, 
since the critical event has occurred during 
gametogenesis, theories implicating environ- 
mental factors which occur during gestation 
are also seen to be beside the point. How- 
ever, there are two links in the etiological 
sequence that remain to be clarified. The first 
is the circumstance or circtimstances that 
cause the “accident” of nondisjunction; the 
second concerns the reason why excess genet- 
ic material causes the developmental abnor- 
malities. 

Regarding nondisjunction, it has been well 
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established that the risk of bearing a child 
with mongolism mci eases markedly with ma- 
ternal age. Since the sex cells of the human 
female are partially formed before birth, 
rather than being continuously produced 
throughout life, it seems reasonable to specu- 
late that the age dependent risk function 
reflects the fact that the gametes of older 
females have been exposed to environmental 
forces, as yet unknown, for a longer period 
of time than have those of younger females, 
with a corresponding increased likelihood of 
aberration. The nature of the relevant 
environmental factor is as yet unknown, 
although some recent work (Nichols et al., 
1962) has suggested the possibility of a viral 
infection being an important factor in chromo- 
some breakage. The possibility of an infec- 
tious determinant of nondisjunction is also 
suggested by the epidemiological studies that 
have shown Down’s syndrome births to occur 
more closely in space and time than would 
be expected on the basis of a random occur- 
rence hypothesis (Collman and Stoller, 1960; 
Heinrichs et al., 1963). 

With respect to the problem of the mech- 
anism whereby extra hereditary material 
causes abnormality of development, it has 
been proposed that overproduction of en- 
zymes is the critical factor, and research on 
this point is actively in progress (Herring et 
al,, 1967; also see Lejeune review, 1964), but 
without definitive results at present. 

Trisomy probably occurs with respect to 
all autosomes, but it is evidently lethal in 
most cases. For example, one recent study 
(Carr, 1967) examined 227 spontaneous 
abortions for evidence of chromosome anom- 
aly, Fifty of the abortuses were found to 
have an anomaly, and 27 of these were tri- 
somics. This incidence of chromosome ab- 
normality in abortuses is more than 50 times 
as high as that in infants born alive. 

Two other autosomal trisomic conditions, 
trisomy D and trisomy E, have been de- 
scribed in live-born infants. Both of these 
conditions involve extensive abnormalities 
and poor prognosis for survival. Trisomy D 
(the triplet chromosome is not exactly identi- 
fiable, but is one of group D, nos. 13-15) 
involves deficient telencephalic development, 
absence of -the olfactory tracts, and small or 
absent eyes. Trisomy E involves cardiac and 
kidney defects and hype^tonicity. See Smith 


(1963) for a review of these conditions. 

Autosomal monosomies have not been de- 
scribed in man, suggesting that the absence 
of one member of an autosomal pair is highly 
lethal. The absence of autosomal monosomies 
in the study of abortuses already cited (Carr, 
1967) suggests that the lethality of the con- 
dition is manifested at a very early stage of 
development. 

Other Autosomal Anomalies. Another type 
of chromosomal accident arises from the 
occasional exchange of mateiial between non- 
homologous chromosomes Through this 
means, a chromosome is sometimes formed 
with extra material from another chromo- 
some pair or with part of its original material 
exchanged with material from a different 
chromosome pair. When a gamete possessing 
such an abnormal chromosome is fertilized 
by a normal gamete, the resulting zygote 
will be deficient with respect to some heredi- 
tary material and will possess an excess of 
other hereditary material. A translocation of 
this nature was suspected when a patient 
with Down’s syndrome was shown to have 
the normal number of 46 chromosomes, 
rather than 47 (Polani et al., 1960). Detailed 
study of the chromosome complement 
showed that one chromosome was longer 
than usual. The interpretation was that this 
larger chromosome had extra chromosomal 
material from chromosome number 21 at- 
tached to it. It therefore appears that Down’s 
syndrome may be caused by an excess of a 
portion of chromosome number 21. 

Still another type of chromosome anomaly 
involves the deletion of some chromosomal 
material. Such a condition appears to under- 
lie the clinical syndrome known as “cri-dn- 
chat This syndrome involves quite severe 
mental retardation, and the affected children 
are characterized by a cry that is very similar 
to that of a cat or kitten — thus the name. A 
number of cases have been reported since 
the original observation by Lejeune and co- 
workers (Lejeune et al., 1963; Macintyre et 
al., 1964; Schmid and Vischer, 1967; Itoh 
and Gotoh, 1967; Schlegel et al., 1967). 

Affected individuals have been found to 
lack one end of one member of the chromo- 
some number 5 pair. 

Sex Chromosome Trisomy. Klinefelter’s 
syndrome is a condition of incomplete sexual 
development in ostensible males which is 
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very often associated with mental defect. 
The syndrome is probably a heterogeneous 
one composed of different etiological entities. 
Many of the affected individuals have been 
shown to have 47 chromosomes, with the 
normal number of paired autosomes and a 
sex chromosome constitution of XXY. 

Another trisomy involving the X and Y 
chromosomes has recently been found to 
have interesting behavioral implications. 
Hauschka et al. (1962) described a case of 
an XYY male who was asymptomatic. A 
short while later Ricci and Malacarne (1964) 
described an XYY individual with deficient 
mental development. Jacobs et aL (1965) 
conducted a survey of mentally retarded male 
patients who had violent, dangerous, or 
criminal propensities, in a maximum security 
prison hospital. They found 7 of the 197 
examined patients to have an XYY sex 
chromosome complement This incidence is 
greatly in excess of that to be found in the 
normal population, and suggests that the 
presence of the extra Y may relate to the de- 
gree of mental retardation and to the aggres- 
siveness characteristic of these inmates. These 
individuals are also unusually tall. Price and 
Whatmore (1967) performed follow-up ob- 
servations on these patients and found them 
to differ from control inmates who had a 
normal sex chromosome complement in the 
following ways. 

1. The record of XYY males revealed con- 
siderably fewer crimes of violence against 
persons than did those of the XY males. The 
XYY violence was evidently more directed 
against property than persons. 

2. The behavior disturbance of the XYY 
inmates had an earlier onset than that of the 
XY inmates. 

3. Siblings of XYY inmates were signifi- 
cantly less likely to have antisocial records 
than siblings of XY inmates. 

Another recently reported case (Forssman, 
1967) conforms to the general picture in that 
extreme aggression became apparent at about 
age 10, and Stanford Rinet IQ was 69 at age 
15. This child was also unusually tall and 
suffered from epileptic seizures. 

XXX individuals have also been described, 
but as yet no consistent clinical picture has 
emerged (Day et al„ 1964). 

Sex Chromosome Monosomy, Although 


monosomy of autosomes appears to be in- 
compatible with life, one of the possible sex 
chromosome monosomies is found. Individ- 
uals with only a single Y have not been 
found, but the single X condition (symbol- 
ized XO) gives rise to Turners syndrome, 
which involves sexual infantilism in presump- 
tive females In addition to the abnormalities 
of sexual development, Turner's syndrome 
patients have been found to suffer from a 
specific form of perceptual-cognitive defi- 
ciency. Money (1963, 1966) has described 
a series of tests measuring spatial ability in 
which Turners patients are strikingly inferior 
to normal control individuals. 

Other Chromosome Anomalies. Polysomies 
of higher order than trisomy have been 
identified with respect to the sex chromo- 
somes. XXX, XXYY, XXXYYY, and XXXY 
individuals have been described, for example. 
Mosaics have also been identified in which 
some of the body cells have one chromosome 
complement, others have a different one. For 
example, XO/XX, XO/XY, XX/XY and even 
the triple mosaic of XO/XY/XXY have been 
described with respect to the sex chromo- 
somes Mosaicism has also been implicated 
in Down's syndrome in a case (Clarke et al., 
1963) in which some cells were found to be 
trisomic and others normal. Other mosaics 
for Down's syndrome have been described; 
and, in some but not all, the mosaic cases 
have been shown to have higher IQs than the 
typical case (Polani, 1963). 

QUANTITATIVE GENETICS 

It is very important to appreciate the fact 
that the demonstration of a single locus ef- 
fect, as in phenylketonuria, does not imply 
that the normal allele for that locus is ex- 
clusively responsible for determining the nor- 
mal expression of the character. It is appro- 
priate to regard the defect as due to the 
occurrence of the genetic block at one of the 
many possible crucial points in a multiplex 
system. In the absence of a block of this kind, 
the normal expression of variability in a pop- 
ulation is attributable to the joint action of 
a number of loci, each of which makes a 
small contribution to the total phenotype. 
Investigation of these complexly determined 
phenotypes constitutes the field of genetics 
called polygenic, , multiple factor, or quanti- 
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Fig. 7. Absence of epistasis. Effect of A locus genotype on 
phenotype is independent of B locus genotype. 


tative genetics. It is easy to see that the basic 
applicable model is a binomial one, since 
each (autosomal) locus is present in dupli- 
cate. If we then assume a number of loci, 
each with two allelic states, each with an 
equal small individual effect, each acting 
additively, the distribution of the phenotype 
under consideration would be simply (A + 
A') 2m where n = the number of loci. 

This very simple picture becomes compli- 
cated, of course, if dominance exists at any 
of the loci. In addition to dominance, which 
may be regarded as a form of intralocus in- 
teraction, in polygenic systems we must be 
concerned with interlocus interaction, usually 
termed in this context epistasis . Essentially, 
epistasis refers to a situation in which the 
relationship of the phenotype to the geno- 
type at one locus is dependent upon the 
genotype at a different locus. Consider Fig. 
7, for example. Phenotype is plotted against 
locus A genotype, with locus B genotype as a 
parameter. With the lines separated only for 
graphic convenience, this hypothetical ex- 
ample shows that the effectiveness of the A 
locus m influencing the phenotype is inde- 
pendent of the genetic condition at the B 


locus. Figure 8 represents a situation in which 
the effect of the A locus is unaffected by the 
B locus if the genotype is B'B' or BB', but 
the A locus has no influence at all if the 
genotype is BB. A specific illustration of this 
type of interlocus interaction is the effect of 
the albino gene in mice. A number of coat 
color loci have been described, some of 
which determine the type of pigment, some 
of which determine the location of the pig- 
ment along the hair, and so on. None of 
these loci have any phenotypic effect, how- 
ever, in the presence of a homozygous reces- 
sive condition at the albino locus. 

The analysis of a polygenically determined 
system cannot be accomplished by the classi- 
cal methods of pedigree analysis, since the 
effects of the individual genes are assumed 
to be small. Statistical analysis is therefore 
required, and a number of models and tech- 
niques have been developed to estimate vari- 
ous genetic parameters from statistics. A key 
concept in quantitative genetics is heritability 
(Lush, 1940), which is defined in terms of 
various ratios. 

If we may assume that genotype and en- 
vironment are uncorrelated, the total pheno- 
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typic variance (V P ) in a population may be 
regarded as the sum of genetic variance 
(Vq) plus environmental variance (V E ). 
For only one locus, 

V P = V a + V a 

where the genetic variance itself may be 
subdivided into an additive portion, arising 
from the average effects of genes, and a 
dominance portion. When more than one 
locus is involved, another source of genetic 
variance, arising from epistatic interactions 
among loci, must be considered: 

V P = V A +V D + V I J r V E 
wheie V A is the additive genetic variance, 
V D represents intralocus interaction, and V/ 
represents interlocus interaction. It is often 
convenient to combine intralocus and mter- 
locus interaction in a nonadditive variance 
term: 

Vp = v A + v VA + v a 

In a broad sense, heritability is sometimes de- 
fined as the proportion of total phenotypic 
variation which is ascribable to genetic 
sources: V G /V P However, for many pur- 
poses, both in description and prediction, a 
more narrowly defined ratio, V A /V P , is em- 
ployed. To distinguish these two. Falconer 


(1960) proposed a usage that describes the 
second as heritability and the first as degree 
of genetic determination. 

It is worth repeating and emphasizing at 
this point that the key concept of heritability 
explicitly and necessarily involves the simul- 
taneous consideration of both genetic and 
environmental determinants With this formu- 
lation, an attempt to describe a trait as being 
“genetic” or “environmental” in origin is seen 
to be meaningless. It is also important to know 
that the heritability estimate obtained from 
a particular set of operations, such as those to 
be described shortly, is not an eternal, fixed 
value of the trait. Depending simultaneously 
upon environmental and genetic variance 
sources, the heritability will change as a given 
population is subjected to different environ- 
mental circumstances, or as its genetic com- 
position changes. Thus a heritability value 
refers to a given trait in a given population 
at a given time in a given environment. 

Human Research 

In research on quantitative inheritance in 
man, the principal techniques have involved 
studies of the resemblance of relatives, includ- 
ing twins, and of foster children. 
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Fig. 8. Epistasis. Effect of A locus genotype on phenotype is 
dependent upon B locus genotype, 
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Resemblance of Relatives The assessment 
of the phenotypic correlation that exists among 
relatives provides certain estimates of the ge- 
netic deteiminants underlying the phenotype 
In a population which is m a “Hardy- Wem- 
beig” equilibiium, the lelative pioportion of 
A'A', AA', and AA genotypes will be p 2 , 2 pq, 
and q 2 Essentially, the conditions that must 
be satisfied for the population to be m this 
equilibiium state are that mating be random 
with respect to the traits influenced by the 
genes under consideiation, that there be no 
differential leproductive advantage to any of 
the genotypes of the locus under considera- 
tion, and no significant migration into or out 
of the population Admittedly, these require- 
ments are likely to be violated in leal popula- 
tions, but a consideration of the ideal case 
foims a basis for the discussion If we assume 
furthermore that the alleles of the locus act 
additively, and that theie is no enviionmental 
effect on the trait m question, we may ar- 
bitrarily set the phenotypic values of the gen- 
otypes as 

AA= 0, AA'=1, A'A' = 2 

Then, since our frequencies are in terms of 
proportions, the mean of any generation will 
be equal to 

P 2 ( 2)+ 2pq(l)+q2 (0 ) 

2p 2 + 2 pq 

%p(p + q) 

but 

p + q = l 9 so the mean = 2 p 
If the population is in equilibrium, as we have 
assumed, then this mean value will be charac- 
teristic of all generations 

Similarly, the variance of a generation will 
equal p 2 (4) -f 2pq(l) — (2p) 2 , which sim- 
plifies to 2pq 

The covariance can be obtained by the 
following consideration Table 1 gives fre- 
quencies of association of one parental (say, 
maternal) and offspring genotypes, and mdi- 


Table I. Relative Frequencies of Offspring 
Genotypes for Mothers of Different 
Genotypes 


Maternal 

Genotype 

Offspring Genotype 

A'A' 

AA' 

AA 

A'A' 

P*( 4) 

P*q( 2) 

— 

AA' 

P*q( 2) 

P< 7(1) 

pqH 0) 

AA 

— 

pq*(0) 

9 8 (0) 


cates the arbitianly assigned cross-product 
values The frequency values m the body of 
the table weie denved from considerations of 
the mating frequencies and of the relative 
proportion of the genotype of childien from 
the diffeient mating types Foi example, A' A' 
women, who are p 2 of the population of 
women may mairy eithei A'A', AA', oi AA 
men who are present m the population m the 
frequencies p 2 2 pq q 2 Then, if mating is 
at random with lespect to this locus, the 
matings of A'A' women with A'A' men will 
occur with a frequency of (p 2 ) (p 2 ) =p 4 
Similarly, A'A' by AA' matings will occui with 
a frequency of (p 2 ) (2 pq) = 2 p 3 q, and that 
of A'A' by AA with a frequency of (p 2 ) (q 2 ) 
= p 2 q 2 If we assume that all matings are 
equally feitile, and that all children are equal- 
ly viable, the pioportion of childien fiom each 
mating type will equal the frequency of the 
mating type Thus A'A' by A'A' matings will 
pioduce p 4 of the next geneiation All p 4 of 
the children will be A'A' Of the mating type 
A'A' by AA', one-half, or p 3 q, of the children 
will be A'A' and the othei p s q will be AA' 
Of the mating type A'A' by AA, all p 2 q 2 
children will be AA' Thus A'A' mothers will 
have A'A' children m the lelative fiequencies 
of p 4 + p s q = p 3 (p + q) = p s , and AA' chil- 
dren in the relative frequencies of p 3 q + p 2 
q2 =z p2q (p + q-. p 2 q Similai computations 
for other mating types provide the other en- 
tries m Table 1 The covanance will equal 
p 3 (4) + 4p 2 q + pq — (2 p) 2 wheie the last 
term is the correction for the mean This ex- 
piession simplifies to pq 

The correlation between offspring and 
motheis (or fatheis, if the locus is an auto- 
somal one) will equal the ratio of the covari- 
ance to the geometric mean of the variances, 
or 

pq pq _ 1 

V(2 pq) (2 pq) 2 W 2 

It may be noted that this formulation is only 
coirect as long as both alleles are piesent m 
the population, that is, when p and q > 0 If 
only one allele is present, the ratio is unde- 
fined 

We have now dealt with a smgle locus If 
no epistatic interactions occur, the same will 
hold for the summated effects of many loci 
Complications arise if there is any dominance 
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m the system Consider again a single locus 
Following Li (1955), it is algebi aically moie 
convenient to assign the phenotypic value of 
1 to the homozygous lecessive condition (AA 
m our piesent notation) and the value of 0 
to the heteiozygote AA' and the homozygote 
A'A' The mean of a geneiation undei these 
circumstances will be equal to p 2 (0) + 2pq 
(0) + q 2 (l) = q 2 The variance will equal 
p 2 (0) + 2pq(0) + q 2 — (q 2 ) 2 The covari- 
ance is equal to q 3 — • (q 2 ) 2 , and the con ela- 
tion then will equal 

q 3 — q 4 q 3 — q 4 q 

V^ 2 -? 4 ) (? 2 - 9 4 ) ~~ < ? 2 - ( 3' 4 ~ 1 + 9 

Thus, m the situations wheie dominance 
exists, the expected value of the con elation 
is dependent upon gene frequencies In the 
case of the diffeient alleles being equally fie- 
quent (p = q = 5), the coi relation would be 
expected to be 333 As the frequency of the 
recessive allele appioaches 1, the expected 
correlation coefficient will appioach 5 Simi- 
lar consideiations show that the expected coi- 
relation of siblings, given dominance and the 
other conditions assumed, will be 416 for p = 
q = 5, and approaches 5 as the fiequency 
of recessive alleles increases 

A relatively large amount of reseaich has 
been conducted on the correlations between 
parents and offspring and between siblings 
with lespect to both anatomical and intellec- 
tual characteristics The outcome is very often 
surprisingly close to the theoietically expected 
value of 5 Considerable caution must be 
urged, however, that this outcome not be ac- 
cepted as demonstiating the existence of the 
restrictive conditions assumed m generating 
the model Assortative mating, for example, 
is known to exist with respect to many of the 
traits m question In some cases, the correla- 
tion of mates itself approaches the value of 
5 In general this could be expected to raise 
the correlation coefficients. 

Environmental factors* which have to this 
point been assumed to be negligible, may have 
a wide variety of effects Feihaps a most com- 
mon one would be the mciease in variance, 
which would tend to reduce the con elation 
coefficient, Many other problems of a statis- 
tical nature aie also encountered, such as those 
pertaining to the adequacy of the sampling 
proceduies, oi reliability of the measuring de- 


vice Fiom the point of view of the behav- 
loial scientist, the most mteiestmg and rele- 
vant results have been those that pertain to 
measures of intelligence Eilenmeyer-Kimhng 
and Jarvik (1963) have recently leviewed die 
relevant liteiature Twelve studies of paient- 
child lesemblance on intelligence test scores 
piovided correlation coefficients ranging fiom 
about 2 to about 8 with the median being at 
about 5 Thirty-five cases of correlation co- 
efficients of siblings i eared together gave val- 
ues ranging fiom about 3 to about 75 with 
the median lesult, again, being at about 5 
A difficulty of mteipietmg these lesults is that 
it is often not made cleai if the correlation is 
between single offspring and single parent, to 
which case the pieceding discussion pertains, 
or between sibship means and paient means, 
for which case theie are diffeient expectations 
Conelations among relatives may be related 
to the concepts of hentabihty Actually, re- 
gression coefficients aie moie useful than cor- 
relation coffecients The regiession of offspring 
on one paient can be shown to estimate 
V^/Vp, or J4h 2 , where the symbol h 2 lefeis 
to hentabihty m the nanow sense described 
above The legiession of offspring on mid- 
parent estimates V A /V P and thus directly 
estimates h 2 The mtraclass con elation of full 
sibs is moie complicated, yielding an esti- 
mate of {VzV a. + j AVd + Vu)/V P , wheie 
V ra refers to that part of the environmental 
vanance which is common to siblings The 
study of sibs thus provides an “upper-limit” 
estimate of hentabihty 
Twin Research The techniques of conela- 
tional oi legiessional analysis aie pertinent to 
the entn e population, and their proper execu- 
tion requites veiy caieful representative sam- 
pling of the population under consideration 
The next techniques to be discussed are appli- 
cable only to “special cases ” One of the best 
known and most widely employed methods 
for this study of human genetics has been 
twin comparisons There are actually seveial 
twin study methods which serve different re- 
search purposes The basic twin method is 
the comparison of identical with fraternal 
twins. Identical twins ( monozygotic or MZ) 
are individuals with identical genotypes, hav- 
ing arisen from the same fertilized egg Fra- 
ternal twins ( dizygotic or DZ), on the othei 
hand, are no moie alike genetically than are 
ordinary sibling Any difference that appears 
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between members of an MZ twin pair must 
be attributed to differences in environment 
Differences between members of DZ pairs, 
however, will reflect both environmental and 
genetic influence 

It is worth emphasizing that the primary 
datum m twin studies is a difference score 
Now, if we may safely assume that envn on- 
mental forces contribute no more to vai labil- 
ity of the DZ than to the variability of the 
MZ twin pairs, a simple subtraction of the 
mean mtrapair differences of a sample of 
MZ twins from the mean intrapair difference 
of DZ twin pairs should give an index of the 
genetic contribution to the differences be- 
tween twins More elegantly, the variances 
of the twin differences can be computed, and 
F ratios or mtraclass correlations can be 
computed The straightforward application 
of twin study results to the population at 
large is prevented by two features of the 
twin situation The magnitude of the genetic 
effect is assessed by comparing differences 
between genetically identical individuals to 
the differences between genetically diverse 
individuals, the genetic diversity, however, is 
only that which can exist among progeny of 
the same parents This will be much less 
variability than exists in the population as a 
whole Similarly, the environmental forces 
whose impact is assessed by MZ pair dif- 
ferences are only those environmental differ- 
ences that exist within a family Again, this 
must certainly underestimate the range of 
environmental forces at work m the popula- 
tion 

Numerous criticisms have been leveled at 
the MZ-DZ comparison method Perhaps the 
most serious of these is the likelihood that 
the range of environmental forces generating 
DZ mtrapair differences is greater than that 
of the environmental forces contributing to 
MZ mtrapair differences If the environ- 
mental sources are not equal for the two 
types of twm pairs, we are left in a position 
of having two equations with two unknowns 
Nevertheless, used properly, the twin method 
is useful in providing information about areas 
for future profitable research and also for 
setting limits Furtheimore, it should be 
noted that the objection concerning differ- 
ences m environmental effects on MZ and 
DZ twm pairs is relevant only if these en- 
vironmental differences are influential on the 


trait under study In some circumstances it 
may be possible to provide empirical data 
concerning the importance of differences m 
environmental effect between the two types 
of twins for a particular trait Vandenberg 
(1965, 1966) has considered many of these 
criticisms m recent reviews 

The classical work involving companson of 
MZ and DZ twin pairs typically employed 
more or less global measures of intelligence 
or personality traits (see McClearn, 1962, 
for review) Recently the trend has been 
toward the utilization of more specific tests, 
in keeping with new developments in psy- 
chometrics and test construction A most 
important result of the application of specific 
factor tests is that the evidence for hereditary 
determinants differs from factor to factor 
This is not only a valuable finding from the 
point of view of genetic interpretation, but 
it also offers the prospect of a model for 
experimental verification of the existence and 
identity of specific factors Vandenberg 
(1966) presented data from two of his own 
large-scale twm studies and compared these 
results with those of two earlier investigators, 
Blewett (1954) and Thurstone et al (1955) 
Table 2 gives the values of the F ratio be- 


Table 2 F Ratios between DZ and MZ within 
Pair Variance 


Primary Mental 
Abilities Subtest 

Michigan 

Kentucky 

Verbal 

2 65 a 

1 74 b 

Space 

177b 

3 51 a 

Number 

2 58 a 

2 26 a 

Reasonmg 

140 

1 10 

Word fluency 

2 57 a 

2 24 a 

Memory 

126 

Not used 


a p< 01. 

b p< 05 


tween DZ and MZ within pair variances foi 
six Primary Mental Ability subtests from the 
two Vandenberg studies, one conducted m 
Michigan, the other m Kentucky The F 
ratios are significant, indicating a significant 
hereditary determinant, for verbal, space, 
number, and fluency There is no evidence 
of hereditary determination for leasomng or 
for memory An interesting suggestion m this 
connection has been made by Roberts 
(1967), who pomts out that a lack of evi- 
dence for genetic determination of a trait in 
a contemporary population may be inter- 
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preted as evidence for a high selective ad- 
vantage of the trait m earlier evolutionary 
time, with natural selection having "used up” 
the additive genetic vanance 

The twin study methodology has also been 
brought to beai upon inheritance of normal 
personality traits Gottesman (1963, 1965) 
has made extensive use of the Minnesota 
Multiphasic Personality Inventory and has 
found consistent evidence for hereditary in- 
fluence m depression, psychopathic deviate, 
and social introversion These and other re- 
seal ches, including many of his own, have 
recently been reviewed by Vandenberg 
(1967) in a summary of the accumulated 
evidence Vandenberg concluded that there 
is clear evidence of a strong hereditaiy com- 
ponent for the personality dimension of ex- 
troversion-mtroveision, for emotionality, and 
for activity 

Another early use of MZ-DZ twin com- 
parisons is m the study of the inheritance of 
psychosis In dealing with quantitatively de- 
fined traits, such as presence or absence of 
schizophrenia, the results are usually con- 
sidered in terms of concordance The re- 
search design fiequently involves screening 
of affected individuals resident in, or ad- 
mitted to, an institution, determining those 
who have twins, and ascertaining whethei 
the twin also has the condition If so, the 
twin pair is scored as concordant, if not, they 
are discordant Kallman (1953) reported that 
86 2% of the MZ co-twins of schizophrenic 
patients were also or had been schizophrenic, 
whereas only 14 5% of the DZ co-twins of 
schizophrenics were also or had been schizo- 
phrenic This has been a very active research 
area, and it cannot be adequately sum- 
marized here A good recent review is pro- 
vided by Gottesman and Shields (1966), 
who also present new data of their own A 
particularly interesting feature of these data 
pertains to the hypothesis of biological hetero- 
geneity in schizophrenia 

Rosenthal (1959) has suggested that the 
schizophrenia of concordant MZ twin pairs 
might differ from the schizophrenia of a 
membei of a discoidant MZ twin pan, with 
the lattei more likely to be of environmental 
ongm Studies of other family membei s of 
concoidant and discordant cases may then 
provide an approach to etiological distinc- 
tions In analyzing some data obtained by 


Slater, Rosenthal found that the condition 
was more severe m the case of concordant 
than discordant twins, and that there was a 
higher frequency of schizoid relatives m the 
families of concordant than m the families 
of discordant twins The results of Gottesman 
and Shields (1966) confirmed the findings 
concerning a differential m severity Defining 
severe schizophrenia as requinng more than 
one year of hospitalization, and mild as re- 
quiring less, MZ concordance for the severe 
schizophrenics was 67% compared with a 
concordance rate of 20% for mild MZ schizo- 
phrenics These authors point out that if the 
predisposition to schizophrenia is a poly- 
genically determined characteristic, posses- 
sion of a number of alleles making for in- 
creased susceptibility to schizophrenia would 
piobably at the same time make for greater 
seventy and for an increased likelihood of a 
co-twin developing similar symptoms 

Another vanant of the twin study method 
involves the companson of MZ twins reared 
together and MZ twins reared apart It 
should be noted that m this paradigm, there 
is no genetic vanance Such comparisons 
therefore provide no evidence concerning the 
hentabihty of a trait, although they are useful 
m assessing the impact of various environ- 
mental factors and are useful as adjuncts in 
a MZ-DZ companson The classical work of 
this type is that of Newman et al (1937) 
More recent examples are provided by 
Shields (1962) and Burt (1966) In the in- 
telligence measure employed by Shields 
(1962) the mtraclass correlation for MZ 
twins reared apart was 77 and for MZ twins 
reared together was 76 By comparison, the 
value for DZ twins reared together was ,51 
On the basis of these values, the environ- 
mental differences of upbringing appear to 
have had but little influence on the intelli- 
gence of the MZ twins In an extensive study 
Burt (1966) included observations on a 
variety of biological relationships among 
twins reared together and apart The corre- 
lations for MZ twins reai ed together and MZ 
twins reared apart was 92 and 87, respec- 
tively DZ twins reared together gave a value 
of 53, as did siblings reared together The 
mtiaclass correlations of siblings i eared apart 
was 44 and foi um elated children reared 
together was 27 These results are clearly 
consistent with a genetic interpretation, 
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The co-twin conti ol piocedure is essentially 
a controlled vanant of the method of com- 
paring MZ twins reared apart to MZ twins 
1 eared together Instead of a prolonged en- 
vironmental diffeience persisting over a long 
developmental period, a specific and well 
controlled environment, usually special train- 
ing, is given to one of an MZ twin pan, with 
the othei being untreated foi control com- 
parison 

A method complementary to twin studies 
involves the obseivation of adopted chddien 
The basic logic is that any resemblance be- 
tween an adopted child and his adopted 
parent will be of envnonmental origin Com- 
pansons of coi relations of this kind with 
coi relations of childien living with then biolog- 
ical parents should then provide some esti- 
mate of the relative influence of genetic and 
envnonmental factois on the tiait m question 
Honzik (1957) presented data on correla- 
tions between child's IQ and education of 
mother and of father and compared these 
values to those obtained by Skodak and 
Skeels (1949) in a study of the lelationship 
of adopted child's IQ to tiue mother's educa- 
tion and also to fostei mothers education 
In buef, the finding was that the i elation- 
ship of adopted child's IQ to tiue parent edu- 
cation followed the same course over time as 
that of a child reared by its own parent, 
with the correlation leveling off at about 35 
The relationship of the adopted child's IQ to 
the foster mothei's education never exceeded 
a value of 10, and m the case of the rela- 
tionship of the adopted child's IQ to foster 
father's educational level, the correlation 
never exceeded 05 

Other variants of studies of adopted 'chil- 
dren have involved comparison of children's 
IQ scores before and after placement, or the 
comparison of groups placed m homes of 
different socioeconomic level These ap- 
proaches provide valuable information con- 
cerning the influence of environmental fac- 
tors, but they are not really relevant to 
genetic study 

Other Methods Although the described 
methods have been those most widely em- 
ployed m human behavioral genetics, other 
approaches are possible Cattell (1953), for 
example, has proposed a multiple variance 
analysis system that would estimate genetic 
parameters from a senes of equations relating 


observed variance of particular family group- 
ings to theoietical envnonmental and genetic 
components and their interactions In another 
paper, Cattell (1963) reviewed some re- 
seal ch that had been conducted using the 
multiple variance analysis system on the in- 
heritance of personality The evidence cur- 
rently indicates that there is high hentabihty 
of the cyclothyme-schizothyme, excitable- 
phlegmatic, and superego strength factors 
Environment appeals to be the principal de- 
terminant of the dimensions of tender versus 
tough minded and fatiguabihty versus will 
responsiveness, however 

A novel approach to the study of heredi- 
tary determination of components of intelli- 
gence was provided by Schull and Neel 
(1965), who assessed the effects of mbieed- 
mg m a Japanese population upon perfor- 
mance on a version of the Wechslei Intelli- 
gence Scale foi Children Various degrees 
of inbreeding were investigated, including 
offspring of second cousins, of first cousins, 
and of first cousins once removed As we 
shall see later in the discussion of animal re- 
search, the effect of inbreeding is to increase 
homozygosity The offspring of consanguin- 
eous matmgs will tend to be homozygous at 
more loci than will members of the general 
population Homozygosity foi the lecessive 
alleles at many loci appears to be detrimental 
It was therefoie of great interest to examine 
the effect of this lelatively modest degree of 
mbieedmg upon intelligence Using the mean 
of a control, “outbied," group of children as 
a reference point, depression of the various 
WISC subtest scores was consistently found 
for the children of the consanguineous mat- 
mgs 

Animal Research 

In animal research it is, of course, possible 
to conti ol matings of the expenmental sub- 
jects, and thus several methods foi the study 
of behavioral inheritance are possible which 
cannot be utilized m studies on man One of 
the most widely used of these has been the 
comparison of inbred strains. 

Inbred Strains Inbreeding, or the mating 
of related individuals, leads to an increase 
m homozygosity of the offspnng This is 
basically due to the fact that lelatives are 
more likely to share alleles by virtue of their 
common ancestry In animal research, close 
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inbieeding, usually biothei by sistei, is em- 
ployed If this proceduie is repeated ovei 
geneiations, with each generation derived 
fiom the mating of a single sibling pan, the 
lesult will theoietically be an asymptotic ap- 
proach to a condition of homozygosity at all 
loci This state of “purity” for practical pur- 
poses can be regarded as being attained after 
20 consecutive sib-mated generations Several 
factors pi event the attainment of this ideal 
(see McClearn, 1967), but as an appioxi- 
mation and a woiking model, strains bied 
m this fashion may be regaided as genetically 
homogeneous A number of inbied stiams of 
mice exist In the main, these strains were 
developed for cancel xeseaich, but many 
also diffei widely with respect to vanous be- 
havioi patterns 

The logic of stiam compai isons is essentially 
as follows The likelihood of any two sepa- 
rately developed inbred strains coming to be 
homozygous foi the same alleles at all then 
(perhaps 100,000) loci is vanishingly small 
Therefore, if two oi more stiams aie leaied 
and maintained under the same envnonmental 
conditions, and if diffei ences m behavioi aie 
manifested between any of them, the diffei - 
ence must be attributed to genotype diffei - 
ences The discovery of the stiam diffei ence 
m behavior therefore seives as a demonstra- 
tion that there is an impoitant genetic com- 
ponent m the behavior Such demonstiations 
have now become commonplace, with diffei - 
ences in activity (Thompson, 1953, McCleain, 
1959, Bruell, 1962, DeFnes, 1964), learning 
(Lmdzey and Winston, 1962, Can an et al , 
1964), hoarding (Manosevitz and Lmdzey, 
1967), sexual behavioi (McGill, 1962), alco- 
hol perfei ence (McCleain andRodgeis, 1959, 
Fuller, 1964), aggressiveness (Scott, 1942, 
Ginsbuig and Allee, 1942) , dominance (Lmd- 
zey et al, 1961), and others 

Such demonstiations of genetic influence 
on behavior patterns provide little evidence 
concerning the nature of the genetic system, 
and they should be regarded pnmanly as 
entering wedges for subsequent leseaich 
oriented toward analysis of the quantitative 
aspects of the genetic system oi the physio- 
logical mechanisms thiough which the genes 
are expressed Examples of the lattei type of 
research will be discussed later The assess- 
ment of quantitative paiameteis of the ge- 
netic system utilizing inbred strains depends 


upon the fact that the inbred strains them- 
selves aie genetically uniform, as aie the first 
geneiation hybrids between them, but that 
subsequent generations are genetically heteio- 
geneous Consider, foi example, one stiam 
that is homozygous AABBC'C' and an- 
other that has the genotype A'A'B'B'C'C' 

If these two strains aie crossed, each can 
make only one kind of gamete The fiist- 
named strain can pioduce only ABC' 
gametes, and the second-named stiam can 
pioduce only A'B'C' gametes When these 
gametes unite the offspnng will be AA'BB'C' 
C' Thus the offspnng will be heteio- 

zygous at all loci at which the paient stiams 
differ but will still be homozygous at those 
loci at which the paient stiams weie homozy- 
gous in like state Although heteiozygous at 
many loci, all individuals within an Fi geneia- 
tion will be identical genotypically When 
matings are made among individuals fiom 
within this Fx geneiation, segiegation occuis 
and the Fj geneiation will be genetically he- 
terogeneous Vai lability within the mbied par- 
ent stiams or their derived Fi must be attnb- 
uted to envnonmental factois, since theie is 
no genetic variability within these groups 
Phenotypic variability of the F a gioup, how- 
ever, will be due to both genetic and envn on- 
mental factois These relationships permit the 
estimation of the degi ee of genetic determina- 
tion of a tiait Foi example, using closely re- 
lated inbred mouse strains as parent strains, 
two diffei ent investigations (Fullei and Thomp- 
son, 1960, McCleam, 1961) provided esti- 
mates that the degree of genetic determina- 
tion for open field activity was about 6 That 
is, about 60% of the variance of the F 8 gen- 
eiation was due to genetic activity differ- 
ences 

Selective Breeding Another research meth- 
odology available to the animal reseaicher 
that is not possible for human research is 
selective breeding In this procedure, a sam- 
ple of animals is measured with lespect to 
some trait, and the ones showing an extreme 
manifestation of the trait are chosen to be 
the parents of the next generation, the ex- 
tieme individuals of this offspnng generation 
are again chosen to become parents of the 
succeeding generation, and so on Fiovidmg 
that there is a genetic contribution to the 
variance of a trait m the initial population, 
this procedure will result in a systematic in- 
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crease in the mean of the trait over the suc- 
ceeding generations The amount by which 
the mean will shift is dependent upon the 
relationship R = h 2 S where R refers to selec- 
tion response, S refers to selection differen- 
tial, and h 2 refers to heritability m the nar- 
row sense The selection differential is the 
difference between the mean of those selected 
to be parents of the next generation and 
the mean for the entire generation of which 
the parents were members The selection 
response is the difference between the mean 
of the parent’s generation and the mean of 
the offspring generation Thus, when heri- 
tabihty is high, selection response will be 
rapid When hentabilty is low, selection 
response will be slow A successful selective 
breedmg study thus demonstrates that the 
trait in question had a significant additive 
genetic component 

A number of selective breeding studies 
with rats have followed the pioneering ef- 
fort of Tolman (1924) Probably the best 
known is Try on s work (1940) in which one 
strain of rats was selected for superior per- 
formance m a 17-unit multiple T maze and 
another strain, from the same foundation 
population, was selected for poor perform- 
ance m the same maze This procedure of 
selecting bidirectionally is necessary because 
of the shifts m mean within any single strain 
that can occur because of environmental fluc- 
tuations The critical information therefore 
becomes that of the difference between the 
two lines selected m opposite directions 

A study contemporaneous with Tryon’s was 
that of Heron (1941), who also was success- 
ful m selectively breeding for maze dullness 
and maze brightness m rats Yet another suc- 
cessful maze learning selection study with 
rats employed the Hebb-Wilhams maze 
(Thompson, 1954), and more recently, suc- 
cessful selection for conditioned avoidance 
responses has been described (Bignami, 
1964) Selection for high and low emotional- 
ity, as measured by defecation in a brightly 
illuminated open field, was undertaken by 
Hall (1938) This work was replicated by 
Broadhurst (1958) Rundquist (1933) selec- 
tively bred for high and low activity in rats 
With mice, there has been successful selec- 
tion for aggressiveness (Lagerspetz, 1961), 
alcohol preference (McClearn, unpublished), 
open-field activity (DeFries and Hegmann, 


m press), and audiogenic seizure suscep- 
tibility (Fnngs and Frmgs, 1953) Sex drive 
(Wood-Gush, 1960) and aggressiveness 
(Guhl et al, 1960) have been successfully 
bred for in chickens In insects, with a short 
generation interval, selection studies may be 
carried out over many generations m a rela- 
tively short period of time Hirsch and Bou- 
dreau (1958) selected for phototaxis m 
Drosophila Subsequently, Erlenmeyei-Kim- 
lmg et al (1962) selectively bred for high 
and low manifestation of geotaxis m Droso- 
phila Manning (1961) has selectively bred 
for mating speed m Drosophila , and has 
provided an example of the technique of esti- 
mating hentability from the selection re- 
sponse, since R = h 2 S, h 2 = R/S In Man- 
ning’s case, “leahzed” hentability calculated 
m this fashion was 30 
After a behavioral difference has been 
established between two inbred strains, or 
after a selective breedmg program has gen- 
erated strains of animals highly different on 
some behavioral trait, these animals become 
valuable research material for testing hy- 
potheses about correlated traits at the be- 
havioral level of analysis, or about physio- 
logical mechanisms underlying the traits 
Several examples of the utility of selected 
animals m exploring related behavioral varia- 
bles may be cited Singh (1959) sought to 
determine the generality of the “emotional” 
response of the rats selected by Broadhurst 
for “reactivity” and “nonreactivity” as mea- 
sured by defecation in the open field situa- 
tion Rats of the reactive strain were found 
to acquire a conditioned emotional response 
more lapidly than did animals of the non- 
reactive strain Insights into the natuie of 
the performance difference between the 
Tiyon “maze blight” and “maze dull” rats 
were provided by Krechevsky (1933) who 
found that bright rats responded more m 
teims of spatial stimuli, and the dull rats 
responded more m terms of visual stimuli 
Searle’s (1949) work implicated motivational 
and emotional factors m determining the 
performance differences of these two strains 
In descendants of the Tryon strains, Mc- 
Gaugh et al (1962) have shown that the 
strain differences are most pronounced with 
very short mtertrial intervals As the distribu- 
tion of piactice was increased the differential 
between the strains diminished, and, at a 
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24-hour mtertnal interval, the difference 
vanished entirely These results suggest a 
difference in the consolidation mechanism 
m the two groups of animals Examples of 
the use of inbred and selectively bred ani- 
mals for the study of physiological mecha- 
nisms will be given later 

THE CHEMISTRY OF GENETICS 

During the last 15 years there have been 
enormous advances in the understanding of 
the biochemical and physiological mecha- 
nisms through which the effects of genes are 
manifested Fundamental to these develop- 
ments has been the clarification of the chemi- 
cal nature of the gene itself The fundamental 
component of hereditary material is deoxyri- 
bonucleic acid (DNA) A DNA molecule has 
a double helical structure as shown m the 
schematic representation m Fig 9 The two 
strands are composed of sequences of phos- 
phate and deoxynbose sugar groups and 
they are held a fixed distance apart by pairs 
of bases on the interior of the helix The 
stereochemical limitations of this molecular 
structure are such that the four bases in- 
volved (adenine, thymine, guanme, cytosine) 
can only pair m two combinations Adenme 
always pairs with thymine, and guanine al- 
ways pairs with cytosine The doubled na- 
ture of the DNA molecule and the restric- 
tions on base pairing make possible one of 
the essential features of hereditary material, 
that of self-duplication Obviously, the genetic 
material must be duplicated many times 
over m the process of development from a 
single fertilized cell into a complex, multi- 
cellular organism Evidently, in the process of 
cell division, the helices of the DNA mole- 
cule unwind, with the base pairs separating 
and one of each pair going with each strand 
The raw materials from which the DNA 
molecule is formed appear to be plentiful in 
the nucleus of the cell These raw materials 
occur m the form of nucleotides, consisting 
of one of the foui bases, a deoxynbose sugar, 
and a phosphate The bases of these nucleo- 
tides come to pan with the exposed bases of 
the unwound strands, and m this way com- 
plementary strands aie foimed against the 
originals Eventually two DNA molecules 
exist where there had been but one 

The chromosomes containing DNA are 





Fig 9 Schematic representation of a DNA 
double helix 

located m the nucleus of the cell, yet much 
of the biochemical work of the cells takes 
place in the cytoplasm, It is therefore neces- 
sary that the “information” that is coded in 
the DNA molecule be transmitted to the 
cytoplasm This is accomplished in two steps’ 
The first step is a transcription of the in- 
formation from the DNA molecule onto a 
single-stranded ribonucleic acid (RNA) mole- 
cule In reactions similar to those involved 
in the duplication of DNA strands, RNA can 
be formed m a specified sequence against one 
of the DNA strands RNA is composed of a 
nbose sugar, phosphate, and the same bases 
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found m DNA, except that m RNA uiacil sub- 
stitutes for thymine 

This so-called messenger RNA molecule 
then may enter the cytoplasm wheie it be- 
comes involved m protein synthesis The 
genetic “infoimation” has been shown to be 
coded by triplet sequences of bases, with 
each succeeding triplet specifying an ammo 
acid, for example, three uracils m a row 
(UUU) specifies phenylalanine, UAU speci- 
fies tyrosme Theie are 64 possible triplet 
combinations of bases, yet theie are only 20 
ammo acids used in the formation of animal 
protein This means that there is some “de- 
generacy” m the code, with more than one 
triplet pair able to specify a particular ammo 
acid For example, UUC, as well as UUU, 
specifies phenylalanine The sequence of base 
tuplets theiefoie detei mines the sequence of 
ammo acids which constitute a protein mole- 
cule Enzymes aie piotems that act as cata- 
lysts and are vital to the operation of the 
organism Indeed, pressuie and temperatuie 
conditions within living tissue aie such that 
the essential reactions could not take place 
m the absence of these oigamc catalysts 
These reactions ultimately give use to the 
structuie of the organs of which the bodv is 
constituted and dnect their function It is, 
fuithermore, worth noting that genetic tran- 
saction and RNA synthesis aie themselves 
processes which aie catalyzed by enzymes 

Up until the present time, few of the data 
of behavioial genetics have been dnectly re- 
lated to steps between the DNA of the gene 
and the formation of enzymes Beginning at 
this point, however, there is an accumulating 
body of evidence relating genetically de- 
termined enzyme differences to behavioral 
consequences The classical example is 
phenylketonuria In 1934 Foiling described 
a biochemical defect m a particular type of 
mental retardation now known as phenylke- 
tonuria, phenylpyruvic oligophiema, phenyl- 
pyiuvic idiocy, or Folhng’s disease Shortly 
thereafter this condition was shown to be 
inherited in a simple Mendehan recessive 
manner (Jervis, 1937) The clinical picture 
of phenylketonuria involves a generally re- 
duced stature, light pigmentation, micro- 
cephaly, hand posturing, lhythmie rocking 
back and forward, temper tantrums, and, fre- 
quently, abnormal EEG patterns (Hsia, 
1967) The distribution of intelligence scores 


m the institutionalized and untreated cases 
of phenylketonuria is markedly positively 
skewed, with approximately 50% of the cases 
falhng below an IQ of 20 and with over 90% 
of the cases falling below an IQ of 50 ( Jems, 
1954) Some untieated individuals have been 
found to have intelligence within the normal 
range, however 

The biochemical difficulty arises from an 
inability of the affected individuals to con- 
vert phenylalanine, an essential ammo acid, 
into tyrosine This inability is due to a defi- 
ciency of the liver enzyme phenylalanine 
hydroxylase In fact, it has been shown 
(Mitoma et al , 1957, Wallace et al , 1957) 
that the enzyme has two fractions, one of 
which is labile and found only m the liver, 
whereas the othei is stable and found m 
seveial tissues Phenylketonunc patients are 
deficient with respect to the labile fraction 
only Biochemical inadequacy at this single 
step has widespread consequences, as de- 
scribed m lecent leviews by Hsia (1967) 
and Menkes (1967) Figure 10 shows some 
of the lelationships of the involved metabo- 
lites The inability to convert phenylalanine 
to tyiosme results in an accumulation of 
phenylalanine, which is converted to phenyl- 
acetylglutamme The presence of an exces- 
sive amount of phenylalanine inhibits the 
conversion of tryptophan to 5-hydioxytryp- 
tamme with a consequent 1 eduction m the 
blood level of the last-named substance Ex- 
cessive phenylalanine also inhibits conversion 
of tyrosine to melanin, thus accounting for 
the i educed pigmentation of affected indi- 
viduals 

An understanding of the metabolic lesion 
naturally suggests therapies Since it is not 
yet possible to supply intracellular enzymes, 
the therapeutic aproach has been to reduce 
the dietary intake of phenylalanine This was 
first done by Bickel et al ( 1954) , and a num- 
ber of reports aie now available on the ef- 
fectiveness of the treatment It seems quite 
apparent that a normalcy of the chemical 
milieu can be maintained by the dietary 
therapy It is also generally agreed that there 
is an improvement m intellectual functioning, 
although disagreement persists as to its ex- 
tent One of the principal problems m assess- 
ing the extent of improvement is m the selec- 
tion of a control group Properly, such a 
control comparison group should be all of 
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Fig 10 Metabolic pathways m phenylketonuna 


the untreated individuals with the biochemical 
lesion A number of these individuals, how- 
ever, are of normal intellectual competence, 
and are therefore not available m institutional 
settings Hsia (1967) has summarized sev- 
eral studies, including his own, on the IQ 
level attained by patients who weie given 
therapy beginning at different ages There is 
a general decline m attained IQ level as the 
age of beginning of treatment increases It is 
furthermore noteworthy that the highest IQ 
levels attained were around 100 Sutherland 
et al , (1967) has reported a somewhat more 
favorable outcome m a study of the intelli- 
gence of 7 patients for whom treatment was 
begun prior to 11 weeks of age The mean 
IQ of these 7 was 110, as compared to an 
IQ of 106 for 10 of then unaffected siblings 
However, 5 siblings who were affected and 
either untreated or treated beginning at a 
late age had a mean IQ of 68 The mean IQ 
of 5 treated patients, whose treatment began 
from 9 to 12 months of age, was 78 The 
necessity of early treatment is indicated by 
these data, and it is further emphasized by 
the results of Baumeister (1967), who stud- 
ied the effects of dietary treatment in 162 
phenylketonunc patients The results are 
shown in Fig 11 

Many states now i jure the testing of 
newborn children for phenylketonuria The 


frequency of the condition appears to be 
about 1 m 10,000 live births 

For purposes of genetic counselling, as well 
as for research pui poses, an ability to identify 
heterozygotes is important Hsia et ah (1956) 
piovided a method for detecting heterozy- 
gotes for phenylketonuria by means of a 
phenylalanine tolerance test After a given 
dose of L-phenylalamne is administered 
orally, blood levels of phenylalanine are 
found to be higher m heterozygotes than in 
normal controls This finding illustrates the 
fact that the mode of gene action is not al- 
ways the same at all levels of analysis At the 
level of mental defect, phenylketonuna ap- 
pears to be a “good” recessive with no mani- 
festation m the heterozygote At the level of 
biochemical functioning, however, the hetero- 
zygotes are seen to be affected to some ex- 
tent 

Numerous other conditions involving ab- 
normal metabolism of an amino acid have 
been described, and, with the investigation 
of phenylketonuna serving as a model, re- 
search oriented toward detailed descnption 
of the metabolic consequences, and possible 
rational therapy, is proceeding rapidly (See 
Nyhan, 1963, for a review of some of these 
conditions ) 

Other types of metabolic disturbance have 
also been identified m genetically determined 
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Fig 11 Relationship between age at beginning of treatment and attained IQ 
in phenylketonunc patients ( Data from Blumeister, 1967 ) 


conditions involving mental retardation Two 
types of amaurotic idiocy, for example, have 
been described which involve accumulation 
of abnormal quantities of lipoid substances 
m the neivous system The first of these con- 
ditions, Tay-Sachs disease, or infantile 
amaurotic idiocy, involves mental deteriora- 
tion which proceeds rapidly to complete 
idiocy The onset of symptoms is typically at 
5 or 6 months, and the average age of death 
of these patients is about 18 months Juvenile 
amaurotic idiocy, which is also referred to 
as Spielemeyer-Vogt disease, has an onset at 
about 6 years of age with progiessive degen- 
eration extending over a period of 5 to 10 
years, during which intelligence level falls 
from normal to profound idiocy Both of these 
conditions are inherited m a recessive man- 
ner The leader interested in discussions of 
these and other similar conditions is refened 
to Penrose (1963) 

Although this chapter is particularly 
oriented toward evidence derived from stud- 
ies on man, it is appropriate to mention 
briefly some of the studies with experimental 
animals that have identified anatomical, bio- 


chemical, or physiological intermediates be- 
tween genes and behavior 

A systematic attempt to describe relation- 
ships between learning ability, bram bio- 
chemistry, and biam morphology has been 
made by Rosenzweig and co-workers (I960) 
The starting point of their research was the 
exploration of differences in brain acetylcho- 
linesterase between the Si and S 3 rat strains, 
which were descendants of Tryon’s maze 
bright and maze dull strains, respectively Se- 
lective breeding has also been employed to 
alter the enzyme activity with subsequent ex- 
amination of behavioral differences Thus four 
lines have been selectively bred for high and 
low biam acetylcholinesterase activity, and 
two lines have been selectively bied for high 
and low acetylcholine concentration m the 
brain The conclusion of these studies has 
been that the ci ltical factor is the ratio of the 
substrate acetylcholine to acetylcholinesterase 
Another example of research into mecha- 
nisms of gene action is the work of Gmsburg 
(1967) Gmsburg found audiogenic seizure 
susceptibility m mice was associated with the 
activity of the enzyme nucleotide triphospha- 



GENETIC INFLUENCES ON BEHAVIOR AND DEVELOPMENT 61 


tase in the grandular cell layei of the dentate 
fascia of the hippocampus Other research on 
causal dynamics of audiogenic seizuie suscep- 
tibility (Schlesmger et al , 1964) has shown 
that deficiency of seiotonm and norepineph- 
rine m the brain may be lesponsible for the 
differences m seizuie susceptibility m differ- 
ent strains of mice 

DEVELOPMENTAL GENETICS 

It is most important to appreciate that the 
influence of genes is not manifested only at 
conception or at bn*th or at any other single 
time m the individual's life history Develop- 
mental processes are subject to continuing 
genetic influence, and different genes are ef- 
fective at different times Seveial examples of 
Mendelian mhentance m man may illustrate 
this point The timing of gene action, for ex- 
ample, is shown by the late age of onset of 
Huntingtons choiea, to which leference has 
already been made The genes responsible for 
determining blood gioups, on the othei hand, 
appear to have then effect eaily m the devel- 
opment of the fetus, and the phenotype le- 
mams unaltered throughout life Yet another 
characteristic, hemoglobin type, changes very 
diamatically eaily m life but lemains stabi- 
lized thereafter In a more complex case, pie- 
sumably subject to the influence of a numbei 
of loci, Vandenberg and Falknei (1965) per- 
formed a twin study on human growth and 
found evidence for genetic control of giowth 
late and of deceleration of giowth late, but 
not for length at birth 

Other examples may be drawn from re- 
seal ch with animals Hrubant (1964) investi- 
gated the effects on longevity of diffeient 
alleles at a single locus in the inbred mouse 
strain designated C57BL/6 This strain is 
usually homozygous for an allele (a) that 
renders the coat color nonagouti By various 
mating procedures it is possible to substitute 
other alleles at this locus, and it was found 
that the substitution of either A or a * re- 
sulted in a significant decrease m life span of 
animals 

The genetic conti ol of a developmental 
anomaly m mice is lllustiated by the condition 
known as Kieislei Kreisler is mhented as a 
recessive, and the homozygous recessive ani- 
mals at 10 to 14 days of age begin crawling 
m circles, become rigid when placed on the 


back, and are subject to head shaking and 
tossing and lunmng m small circles Some 
survive and leach sexual maturity The af- 
fected individuals have one or two liquid- 
filled cysts under the pons which compress 
the adjacent brain structures This results m 
a gross deformation of the telencephalon in 
general The condition is identifiable m em- 
biyos at about 9 days of age, due to the fact 
that the otic pit is situated at some distance 
from the neural folds m the homozygous re- 
cessive animals The embryological interac- 
tions m the development of Kieisler animals 
is described by Deol (1964) 

A demonstiation of presumably polygenic 
influence on developmental processes m rats 
is provided by Stone and Barker (1940), who 
selectively bred foi early and late puberty 
In the sixth geneiation the mean age of onset 
of puberty foi the early and late stiams, re- 
spectively, were, for males, 47 6 and 61 2 
days and foi females, 43 0 and 56 9 days 
Fraser and co-workers have demonstrated 
a genetic difference m susceptibility to the 
teratogenic effect of injected cortisone during 
embryological development Fraser et al 
(1954) showed that the administration of 
cortisone to pregnant A strain mice resulted 
m cleft palates m 100% of the offspung 
Similai tieatment to C57 mice lesulted m the 
cleft palate abnormality only m 17% of the 
offspring In later research they (Walker and 
Frasei, 1957) traced the embiyology of the 
palate m the two stiains under the expen- 
mental and conti ol conditions They con- 
cluded that the strain difference m suscepti- 
bility to the teratogenic action of cortisone is 
attributable, at least m part, to the normally 
earlier closing of the palate m the C57 em- 
bryos undei control conditions 

Models of Control of Gene Action 

The piecedmg examples, of only marginal 
behavioral intei est, should serve to document 
the fact that genes exert influence over de- 
velopmental processes Impoitant pi ogress m 
undei standing the means by which genes may 
be “turned on” or “turned off” has been made 
recently The operon model of gene action 
(Jacob and Monod, 1961) has been particu- 
larly valuable Although the basic data were 
obtained from lesearch with microorganisms, 
it now seems a reasonable woikmg hypothe- 
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sis that similar mechanisms may occur m 
higher organisms (Ursprung, 1965) 

The operon model postulates two diffeient 
types of genes, regulatoi genes and structural 
genes The discussion up until this time has 
been concerned with what under this model 
would be described as structural genes, whose 
function is to produce messengei RNA, which 
will m turn eventually result m enzyme for- 
mulation A structural gene has an operator 
adjacent to it The operator is a segment of 
DNA which is apparently the critical starting 
pomt for the molecular tianscnption of RNA 
and DNA A legulator gene, which may or 
may not be physically adjacent to the opera- 
tor 01 the structuial gene, pioduces a repiessoi 
substance that attaches to the opeiator and 
thus inhibits tianscnption of RNA molecules 
from that particular structural gene 

These features of the model aie repiesented 
m the top part of Fig 12 An “inducer” may 
enter the system by, for example, diffusion 
from adjacent cells or from the external en- 
vironment This inducer combines with the 
repressor, and the compound is now unable 
to occupy the strategic site on the operator 
RNA transcription and the consequent en- 
zyme production can then proceed The gene 
has been “turned on ” This situation is rep- 
resented m the bottom part of Fig 12 If one 


of the metabolic products that results from 
the reactions initiated by the enzyme is the 
inducer or a similar molecule, the effect is to 
keep the gene locked on A similar mecha- 
nism can turn off or lock off a gene that is 
initially on Although this mechanism has not 
been demonstrated m mammalian systems, it 
provides a useful conceptual framework for 
viewing processes of growth and differentia- 
tion By this mechanism or similar mecha- 
nisms, genes may be turned on or off at dif- 
ferent times and m different parts of the 
developing organism That systematic, geneti- 
cally conti oiled diffeienees in enzyme activity 
over time and m diffeient organ systems do 
occur in mammals is shown by the research 
of Paigen (1961) Animals of the C3H stram 
have much lower activity of the enzyme 
/^-glucuronidase than animals of the DBA/2 
strain The relative specific activity of the 
various oigans of the C3H animals as com- 
pared with DBA animals is shown as a func- 
tion of age m Fig 13 The differences of the 
age function for the different organs and the 
strain diffeienees are obvious 

Chromosome Puffs 

Another type of evidence that relates de- 
velopmental piocesses to differential gene ac- 
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tivity is provided by research on chromosome 
puffing (Beerman, 1963) In some tissues of 
the larvae of certain insects, giant chromo- 
somes exist which are visible under the 
ordinary light microscope Because of their 
size these chromosomes have been intensively 
studied, and one phenomenon that has been 
described is the “puffing” of different regions 
of the chromosomes Puffing is leversible, the 
puffs show signs of intensive RNA produc- 
tion, only a small percentage of the chromo- 
somal loci puff m any given cell, and the 
pattern is different for different tissues and 
within any one tissue during different devel- 
opmental phases These features strongly sug- 
gest that the chiomosome puff is a physical 
manifestation of the activity of one or a few 
gene loci In Chironomus, further research 
has provided evidence that hoimones may be 
effective m control of gene activity The hoi- 
mone ecdysone is normally found m the lar- 
vae during the molt When ecdysone is ad- 
ministered to a larva not yet old enough foi 
spontaneous molting, a series of events is ini- 
tiated which is typical in the untreated animal 
at the normal molting time Thiity minutes 
after the injection, a puff appears on one 
chromosome and this puff persists until the 
molt is complete Thirty minutes after the 
first puff appears, there appeals on a different 
chromosome another puff which lasts foi two 
days and then recedes 

Quantitative Models 

The operon model and the evidence of se- 
quential gene action in chromosome puffs, 
derived from research on microorganisms and 
insects, are useful concepts for guiding theory 
and research m the genetics of mammalian 
development Nevertheless, in complex sys- 
tems involving many loci, theories that can ac- 
count for developmental phenomena in terms 
of statistical descriptions of the aggregate ac- 
tions of the separate loci and the complexities 
of interactions among the loci would be use- 
ful Unfortunately, completely satisfactory 
theories of this type have not yet been devel- 
oped Waddmgton (1962) has pointed out 
the need for formulations that bridge the gap 
between the rapidly mci easing knowledge of 
molecular genetics and the phenomena of 
metazoan embryology It appeals likely that 
this type of theory will be most pertinent to 



Fig 13 Relative specific enzyme activities in 
various organs of mice as a function of age 

many of the problems of developmental psy- 
chology 

Waddmgton (1962) has provided valuable 
contributions to this theoretical development 
The basic elements of developmental theory, 
he maintains, aie stabilized oi buffered path- 
ways of change, which he terms “creodes,” 
fiom Gieek roots meaning, essentially, nec- 
essary path A system with a multiplicity of 
genetic determinants can be described as a 
point m n-dimensional space, and, geometri- 
cally, the creode may be envisioned as a tra- 
jectory of this point through the n-space, 
towaid some specified endpoint The buffer- 
ing charactenstics of a creode are such that, 
when deviations from the trajectory occur as 
the result of some disturbance, there is a ten- 
dency for the system not simply to adopt a 
new path to the old endpoint, but to re- 
turn to the original pathway leading towaid 
the endpoint (Waddmgton, 1957) Tanner 
(1963) has provided empirical data on this 
“catch-up” piocess m the growth curves of 
children whose growth is disturbed by illness 

Such a system must obviously involve feed- 
back loops, probably of great vanety and 
complexity Waddmgton (1962) descubes 
various conti lbutions toward the develop- 
ment of mathematical formulations of control 
systems m developmental genetics, the details 
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Fig. 14. Waddington’s ‘'epigenetic landscape.” 


of which cannot be reviewed here. A three- 
dimensional physical analogy serves to con- 
vey some of the essential points of creodic 
functioning, however. Figure 14 shows Wad- 
dingtons “epigenetic landscape,” which he 
warns is only suggestive and not to be in- 
terpreted in any literal sense. Briefly, the 
contour of the landscape is determined by 
genotype, and the position of the ball repre- 
sents the value of the developing phenotype. 
In the developmental process, represented by 
the ball rolling forward, environmental forces 
may act laterally upon the ball and displace it 
from its path. At crucial moments such a 
displacement can shift the system into a new 
channel of development. An important prop- 
erty of creodes is represented in this schema 
by the cross section of a valley in the epige- 
netic landscape. A wide valley floor with 
gradually sloping sides represents a develop- 
mental pathway that is not well buffered, and 
permits environmental forces to displace the 
phenotype considerably. A narrow floor with 
steep walls, on the other hand, represents 
a highly buffered or canalized pathway. 

Both the genetic control of growth tra- 
jectories and the relative degree of canaliza- 


tion of these trajectories are shown in re- 
search on mice by Roberts (1961). Animals 
of six different genetic groups were weighed 
at regular intervals through their entire life 
span. The RCL and NF stocks had been 
selectively bred for high six-week weight; 
the MS and NS were selected for low six- 
week weight; the M X R was the Fi genera- 
tion of a cross between MS and RCL, and 
the NC was an unselected control stock. The 
mean growth curves of the males of the dif- 
ferent stocks are shown in Fig. 15. Not only 
are there clear differences in highest body 
weight attained but, in the large strains, 
there are obvious declines which occur at 
different ages. Clear strain differences are ap- 
parent also in longevity, indicated in the 
figure by the point of termination of the 
lines. In Fig. 16 the growth curves of indi- 
vidual animals are shown. These results show 
differences in canalization of the growth 
process in the various strains. 

Again, it should be emphasized that the 
epigenetic landscape is offered as a simplified 
model only; it may serve, however, to indi- 
cate the sort of theoretical formulation that 
may be required to account for the inter- 
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Fig 15 Cumulative growth curves of male mice for each stock 


actions of genotype and envnonment m be - 
havioial development 

Undoubtedly, as research pi ogi esses, 
translations may be made fiom one theoieti- 
cal level to anothei Tanner (1963), foi 
example, m discussing the cases of “catch- 
up” growth in childien, pioceeds from con- 
trol system notions to molecular speculations 
The key elements necessary m an automatic 
closed-loop control system are an output sig- 
nal, a command signal, and the error signal 
that results from a discrepancy between these 
two (Wilkins, 1966) The command signal 
in this case is the size the organism “ought” 
to be if the developmental tiajectory had not 
been disturbed The output signal is the size 
actually attained Tannei proposes that the 
output signal is the concentiation of some 
substance that is an inevitable consequence 
of protem synthesis Thus the mass of the 
body would be directly proportional to the 
concentration of this substance, which he 
calls “inhibitor ” The command signal may 
be the number of molecules of some other 
substance that has a receptive site for “ in- 


hibitor” and which increases directly with 
elapsed time The enor signal would be the 
number of unoccupied sites, and would re- 
sult m the lelease of a growth-piomotmg 
substance When, as a consequence of ac- 
celeiated giowth, the number of mhibitoi 
molecules equals the numbei of receptive 
sites, no more growth-promoting substance 
would be released until the passage of time 
piovided yet moie receptive sites Tannei 
speculates furthei that the rate of accumula- 
tion of receptive sites, and the late of change 
of that late, may be an inherited characteris- 
tic 

Developmental Genetics and Behavior 

In a very real sense it is the case that any 
demonstrated genetic control over an adult 
characteristic is, at the same time, an impli- 
cation of genetic control ovei the develop- 
mental processes that culminate in that 
characteristic Reseaich aimed explicitly at 
studying the genetic control of behavioral 
development unfoitunately has been lare, 
particularly with respect to man The ie- 
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Fig, 16 Individual growth curves of male mice, showing differences m growth pattern 
between stocks (Five NS males lived longer than shown, but some of their weights 
inadvertently were not recorded ) 
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search that has been conducted, however, 
has demonstiated well the advantages of the 
developmental genetic appioach to behavioial 
processes, and it appeals to be a safe pre- 
diction that woik m this aiea will mciease 
lapidly m the immediate future 

Human Research That genetic control of 
developmental processes persists ovei the 
entire life span has been shown by Jarvik and 
her colleagues (1957, 1962), who have stud- 
ied intellectual functions m aged twins Pat- 
terning oi sequence of developmental events, 
rather than simple timing, was emphasized 
by Sontag and Gain (1956/57), who ex- 
amined sibships for developmental patterns 
of a number of physical and behavioi al ti aits 
Ceitam patterns of development of body 
size, motor cooidmation, and other traits 
weie found to be charactenstic of families 

The data summanzed by Honzik (1957) 
aie particularly suggestive of developmental 
genetic processes that deteimme the mci eas- 
ing degree of resemblance of offspnng and 
parent on intellectual measures dunng the 
first years of life Pioblems of test inadequacy 
m the eaiher years may account foi some of 
this developmental trend, but it may also 
be that the increasing resemblance is a le- 
flection of the “switching on” of moie and 
more genes that play a lole m intellectual 
functioning 

Animal Reseaich The lesearch on animals 
has fallen into two geneial categories de- 
scriptive studies of diffeient developmental 
sequences m gioups of different genotype, 
and expei iments concerned with assessing 
the impact of envnonmental manipulation 
upon animals of different genotypes Of the 
descriptive studies, several have been con- 
cerned with audiogenic seizin es in mice 
Schlesmger et al (1964), for example, have 
described a very sharp peak at 21 days of age 
in seizui e-susceptibihty to audiogenic stimu- 
lation of a “high susceptibility” strain of 
mice It is particularly intei estmg that only 
at that age do animals of this strain differ in 
brain serotonin and noi epinephrine fiom ani- 
mals of the “low susceptibility” stiams Fullei 
and Sjursen (1967) have leported many dif- 
ferent patterns of convulsive risk and of 
death risk m. 11 different inbred stiams ex- 
posed to audiogenic stimulation 

Thiessen (1965) investigated behavioral 
aspects of the “wabbler” lethal condition in 


mice Homozygous recessive animals display 
hind limb mcooidmation and paialvsis, with 
accompanying myelin degeneration, begin- 
ning at about 14 days of age Developmental 
changes aie undei way pnoi to the appear- 
ance of these most obvious symptoms, how- 
ever For example, activity m an open field 
aiena is affected as early as 10 days of age 

In studies of learning of mice m a watei 
maze, Meier and Foshee (1963) and Meiei 
(1964) have shown that strains not only dif- 
fer in learning peifonnance at any given age, 
but that theie aie, as well, widely different 
developmental functions A stiam by age 
mtei action was also shown by McGaugh 
and Cole (1965) m lats Both Si and S 3 
strains showed impioved performance undei 
distnbuted piactice as compared to massed 
practice when tested at 142 to 164 days of 
age For the Si stiam, this impiovement was 
also found at 29 to 33 days of age, but prac- 
tice distribution had no effect upon S 3 ani- 
mals at that age 

Yet anothei example may be taken from 
alcohol piefeience m mice Kakihana and 
McCleain (1963) descnbed a marked and 
abrupt deciease m alcohol piefeience of one 
stiam of mice, at about 9 weeks of age, but 
found no conespondmg function m the othei 
strains investigated 

In expei iments that involve the manipula- 
tion of environmental circumstances of dif- 
feient genetic groups during development, 
evidence of genetic influence on the develop- 
mental piocess is essentially an mtei action of 
genotype and tieatment The duration of 
application of the expei imental pioceduie m 
these studies has ranged fiom very brief to 
quite long term An example of genetic dif- 
feiences in lesponse to long-term envnon- 
mental conditions is piovided by the lesearch 
of Freedman (1958) m which dogs of four 
breeds (Shetland, Basenji, wirehaired fox 
temer, and beagle) weie reared under “in- 
dulgent” or “disciplinary” legimes Disci- 
plined pups were lestrained and taught to 
obey commands Indulged pups weie en- 
couiaged to undertake all manner of activity 
and were nevei punished These conditions 
persisted from the third to the seventh week 
of life, at which time each dog was tested 
m the following manner When the dog ate 
from a food bowl in the center of the loom, 
he was punished by a swat and shout from 
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the experimenter Aftei thiee minutes the ex- 
perimenter left the room and the time until 
the animal returned to eating was lecoided 
Mode of leanng was found to have a laige 
effect on beagles and temers, with dis- 
ciplined animals returning to eat much sooner 
than the indulged animals Foi the othei 
breeds, mode of reanng had no effect The 
Basenjis of both gioups ate quickly, suggest- 
ing that they were lelatively unaffected by 
the treatment The Shetlands of both groups, 
on the othei hand, weie so affected by the 
punishment m the test situation that they 
avoided the food entirely 

Another expenment on the effects of long- 
term rearing conditions is that of Dixon and 
DeFnes (m press) Mice of two mbied stiams 
(B ALB/c and C57BL/6) weie leaied undei 
high illumination or low illumination condi- 
tions fiom birth until 40 days of age, at which 
time they weie tested foi activity m an open 
field apparatus B ALB/c mice leaied undei 
high illumination had highei activity and 
lowei defecation scoies than those leaied un- 
der low illumination, wheieas C57BL/6 mice 
were not affected by 1 earing illumination 
Different sublmes of these stiams weie 
studied by Ressler (1963) m an expenment 
on the effects of foster leanng on panel pi ess 
manipulation, and panel pi ess foi illumina- 
tion BALB/c mice were moie mampulatoiy 
than C57BL/10 mice whether they weie 
reared by BALB/c parents or by C57BL/10 
parents These results indicate that the de- 
velopmental piocesses that lead to greatei 
manipulatory behavior by adult BALB/c mice 
were not subject to influence by paients dui- 
mg the period fiom birth until weaning at 23 
days of age That paiental influence dui mg 
this period can be impoitant is demonstrated 
by the lesults on visual exploration Theie 
was no significant difference between the 
strains, but animals of both strains engaged 
m moie visual exploration if reaied by 
BALB/c than by C57BL/10 paients 

Much shoiter expenmental intervention 
was employed by Lindzey and co-workeis 
(1960, 1963), who subjected mice of foui in- 
bred strains to the trauma of a loud, high- 
fiequency auditory stimulus from the fouith 
thiough the seventh day of life Animals 
were later tested m situations designed to 
assess emotionality, activity, and timidity 
Their conclusion (1963) was that animals of 


the C57BL stiain have a veiy high sensitivity 
to noxious infantile stimulation, lelative to 
the othei stiams investigated 

Levme and Wetzel (1963) studied the ef- 
fects of manipulation dunng infancy on adult 
avoidance-leai nmg performance in rats The 
manipulation involved removal from the nest, 
thiee-mmute detention m a compartment, and 
return to the nest This tieatment was ad- 
mimsteied once daily fiom birth thiough 21 
days of age Two diffeient substiains of Long 
Evans lats showed an effect of tieatment, 
with the manipulated animals making highei 
avoidance scores dunng the learning test An- 
other stiam, Sprague-Dawley, showed no sim- 
llai effect 

Application of the expenmental condition 
was moved foiwaid into the pienatal period 
by Thompson and Olian (1961) They stud- 
ied the effects of injections of adienalm to 
pregnant mice dunng the second oi thud tn- 
mester upon the adult activity of the offspring 
The activity test was pei formed undei noi- 
mal conditions, and also undei the stiess of 
electncal foot-shock In the A stiam, offspring 
of injected mothers weie moie active under 
both noimal and stiess conditions of testing 
BALB/c animals weie unaffected by the treat- 
ment, and C57BL/6 mice showed only mar- 
ginal effects when tested under the stiess 
condition 

DeFnes and his colleagues have explored 
furthei the lole of pienatal stress m influenc- 
ing adult behavior The prenatal stiess ad- 
mimsteied to the mothers consisted of daily 
exposuie foi thiee minutes to each of three 
stiess conditions, beginning with the tenth 
postulating day and continuing thioughout 
piegnancy The stress conditions weie forced 
swimming, exposuie to intense white noise, 
and placement of the cage on a recipi ocating 
shaker In two reports (Weir and DeFries, 
1964, DeFnes, 1964) the effects of this tieat- 
ment upon the adult open-field activity and 
emotional defecation of the fetuses were as- 
sessed BALB/c and C57BL/6 mice were 
employed, and highly significant strain by 
tieatment interaction was demonstrated Sub- 
sequently, DeFnes et al (1967) have shown 
that the diffeiential effects of the stress tieat- 
ment are a function of both the maternal gen- 
otype and the fetal genotype It was further 
demonstrated that injections of adrenalin did 
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not have the same effect as did the adminis- 
tration of the physical stress 

One means of assessing the importance of 
maternal environment on development is to 
compare reciprocal F x hybrids between two 
strains of mice Thus hybrids between the 
strains C57BL/6 and BALB/c have the same 
autosomal genotype regardless of whethei 
their mother was a BALB/c and the father a 
C57BL/6 or the conveise In the one case, 
however, the fetuses will have developed m a 
BALB/c uterine environment, and m the othei 
case m a C57BL/6 environment DeFries 
(1964) studied reciprocal FiS of this kind, 
and the results illustrate the complexity of 
interactions that may occur The prenatal ma- 
ternal stress was found to result m a deciease 
in activity of F x hybrid offspring carried by 
C57BL mothers, which is an effect similar to 
that on inbred BALB/c offspring On the 
other hand, the effect on F 1 hybrids earned 
by BALB/c females was similar to that on 
the C57BL strain 

The comparison of reciprocal F* hybrid 
litters is by definition constrained to hybrid 
groups, An assessment of maternal uterine 
environment effects on inbred strains may also 
be accomplished by the use of ovary tians- 
plant techniques DeFries et al (1967) trans- 
planted ovanes from donors of the inbred 
strains BALB/c and C57BL/6 into Fi hybrid 
recipients Appropriate matings provided in- 
bred offspnng earned by either hybrid or in- 
bred mothers The very large differences in 
the adult activity levels of the BALB/c and 
C57BL animals were found, regardless of 


whether the animals had developed in the 
uterine environment of a mother of identical 
genotype or m a hybrid 

SUMMARY AND CONCLUSIONS 

The intent of this chapter has been to pro- 
vide an introduction to the empirical data 
and theoretical perspectives of the field of 
genetics, and to piovide, where possible, ex- 
amples that demonstrate the effect of genetic 
variables on behavior Behavioial phenotypes 
appear to be m no qualitative way distinct 
from the anatomical or physiological traits 
that constitute the bulk of the empirical data 
upon which the science of genetics is based 
Examples of single locus influence have been 
shown, the methods of quantitative genetics 
have been examined and their application to 
continuously distributed behavioral tiaits has 
been reviewed, examples have been piovided 
of the physiological and biochemical route 
through which the genes are expressed, and 
the role of genes m determining develop- 
mental sequence has been discussed 

Developmental behavioral genetics is of 
very recent ongm, and there is yet to emerge 
a coherent body of knowledge The work that 
has been done by the pioneenng workers m 
this area, however, has demonstrated beyond 
question the importance of heredity m pioc- 
esses of behavioral development It is ex- 
tremely important that the future progress in 
this specialty be communicated to the general 
field of developmental psychology, and be- 
come an mtegial part of the empirical knowl- 
edge and theoretical framework of that field 
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3. Physical Growth 

J M TANNER 


All the skills, aptitudes and emotions of 
the growing child are rooted in or conditioned 
by his bodily structure Behind each stage of 
learning lies the development of essential cell 
assemblies in the bram, behind each social 
interaction lies a body image conditioned by 
the facts of size and early or late sexual mat- 
uration It needs no aiguing that a child psy- 
chologist should have some knowledge of the 
facts of physical growth, and especially of 
those facts which particularly affect the child's 
feeling and behavior That girls mature ear- 
lier physically than boys is known by every 
schoolteacher, but that boys of 14 may be 
completely prepubescent or completely phys- 
ically mature is unknown or forgotten by 
many Both facts have profound effects on 
the psychology of the children and the sociol- 
ogy of the school 

The growth of the bram is, of course, of 
paramount importance to the psychologist, 
but unfortunately we know less about this 
than about any other organ This is due to 
technical difficulties, at last slowly being over- 
come One section of this chapter is devoted 
to bram growth, another to growth of the en- 
docrine system 

A third section is called “the organization 
of the growth process ” In it are discussed 
general problems such as the regulation of 
growth, the catch-up after a period of mal- 
nutrition or disease, the existence of critical 
or sensitive periods, the existence of discrete 
stages of growth, the importance of invariant 
sequences of events occurring at varymg ages 
These problems are important to the psychol- 
ogist not only in themselves, but because the 
situation in physical growth is a model for 
similar situations believed or known to occur 


m psychological development The facts of 
physical growth are easier to be sure of than 
those of mental development, hence the mod- 
els from this field have a concreteness and 
certainty that the mental equivalents may still 
lack Thus this chapter has both factual and 
' theoretical impoitance for the psychologist- 
readei 

I THE HUMAN GROWTH CURVE 

Figure 1 shows the most famous of all rec- 
ords of human growth It concerns the height 
of a smgle boy, measured every six months 
from birth to 18 years This is the oldest longi- 
tudinal record m existence, and it remains, 
for our purposes of illustration, one of the 
best It was made during the years 1759-1777 
by Count Philibert de Montbeillard on his 
son and it was published by Buffon m a sup- 
plement to the Histoire Naturelle 

In Fig la is plotted the height attained at 
successive ages, m 16 are shown the mcie- 
ments in height from one age to the next ex- 
pressed as the rate of growth per year If we 
think of growth as a form of motion, then the 
upper curve is one of distance tiaveled, the 
lower curve one of velocity The velocity or 
rate of growth natuially reflects the child's 
state at any particular time bettei than does 
the distance achieved, which depends largely 
on how much the child has grown m all the 
preceding years The blood and tissue con- 
centrations of those substances whose amounts 
change with age are thus more likely to run 
parallel to the velocity rather than to the dis- 
tance curve In some cucumstances, indeed, 
it is the acceleration rather than the velocity 
curve which best reflects physiological events, 
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Fig 1 Growth in height of de Montbeillard’s son from birth to 18 years, 1759-1777 (a) Distance 
curve, height attained at each age ( b ) Velocity curve, increments m height from year to year (From 
Tanner, 1962, data from Scammon, 1927,) 

it is probable, for example, that the great in- 
crease m secretion of the endocrine glands 
at adolescence is manifested most clearly in 
acceleration of growth (see Fig 18) 

Figure lb shows that in general the velocity 
of growth decreases from birth (and actually 
from as early as the fourth month of fetal life, 
see Section II), but that this decrease is inter- 
rupted shortly before the end of the growth 
period At this time, from 13 to 15 years m 


this particular boy, there is a maiked acceler- 
ation of growth, called the adolescent growth 
spurt (Also, horribly, called the cucumpuberal 
growth spurt Some writers distinguish 
sharply the terms "adolescence” and "puber- 
ty,” though not all who do so agree m their 
distinctions Some use puberty to refer to 
physical changes, adolescence to refer to psy- 
chosocial ones I have used the terms inter- 
changeably in this chapter ) From birth until 
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age 4 or 5 the rate of growth in height de- 
clines rapidly, and then the decline, or decel- 
eration, gets gradually less, so that m some 
children the velocity is practically constant 
from 5 or 6 up to the beginning of the ado- 
lescent spurt A slight mcrease m velocity is 
sometimes said to occur between about 6 and 
8 years, providing a second wave on the gen- 
eral velocity curve Although Fig 1 seems to 
show its presence, examination of many other 
individual records from age 3 to 13 fails to 
reveal it in the great majority, if it occurs at 
all, it is only m a minority of children 
As the points of Fig 1 show, giowth is 
m general a very regular process Conti ary 
to opinions still sometimes met, growth m 
height does not proceed by fits and starts, 
nor does growth m upward dimensions alter- 
nate with growth m transverse or, more om- 
inously, anteroposterior ones The more care- 
fully these measurements are taken, with 
precautions, for example, to minimize the de- 
crease in height that occurs during the day 
for postural reasons, the more regular does 
the succession of points in the graph become 
Figure 2 shows the fit of a smooth mathe- 
matical curve to a series of measurements 
taken on a child by the same obseiver every 
6 months from age 3J4 to 10 None of the 
points deviates from the line by an amount 
more than measuring error This is generally 


true, although m some children regular sea- 
sonal vanations (discussed later) superimpose 
an added 6-month rhythm about the curve 
There is no evidence for "stages” of growth 
in height ( or any other physical measuiement) 
except for the spurt associated with adoles- 
cence Perhaps mciements of growth at the 
cellular level are discontinuous, but at the level 
of bodily measurements, even of single bones 
measured by X-rays, we can only discern com- 
plete continuity, with a velocity that changes 
gradually from one age to another 

Many attempts have been made to find 
mathematical curves which fit, and thus sum- 
marize, human and animal growth data Most 
have ended m disillusion or fantasy, disillu- 
sion because fresh data failed to conform to 
them, or fantasy because the system eventu- 
ally contained so many parameteis that it be- 
came impossible to interpret them biologically 
What is needed is a curve or curves with rel- 
atively few constants, each capable of being 
interpreted m a biologically meaningful way 
The fit to empirical data must be adequate, 
of course, within the limits of measurmg ei- 
lor Part of the difficulty arises because the 
measuiements usually taken are themselves 
biologically complex Stature, for example, 
consists of leg length and trunk length and 
head height, all of which have rather differ- 
ent giowth curves Even with such relatively 



Fig 2 Curve of form y = a + bt + c log t fitted to stature measurements taken every 6 months by 
R H Whitehouse on a girl from age 3 J4 to 10 Harpenden Growth Study ( From Israelsohn, 1960 ) 
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homogeneous measurements as humerus 
length or calf-muscle width, it is not clear 
what purely biological assumptions should be 
made as the basis for the form of the curve 
The assumption that cells are continuously 
dividing leads to a different formulation from 
the assumption that cells are adding constant 
amounts of nondividing material, 01 amounts 
of material at rates varying from one age 
period to another 

But fitting a curve to the individual values 
is the only way of extracting the maximum 
information about an mdividuars growth from 
the measurement data This fact becomes in- 
creasingly mes cap able when the effect of en- 
vironmental circumstances on growth rate 
(eg, illness on height growth) is investigated, 
or when two different measurements are being 
compaied for the consistency of each as the 
child grows up The individual's consistency 
can only be measuied by deviations from his 
own growth curve A change of rank ordei of 
two individuals from one age to another in a 
measurement may represent not inconsistency 
but consistently differing lates of change, one 
individual having a small velocity m the mea- 
suiement, and the other individual a larger 
one 

More than one curve is needed to fit the 
postnatal age range It seems that two curves 
may suffice, at least for many measuiements 
such as height and weight A curve of the 
form 

y = a + bt + c log t 

where y is the measurement at age t, 
appears to fit well from a few months after 
birth to the beginning of adolescence This is 
the curve shown in Fig 2 The adolescent 
spurt is fitted well by the Gompeitz curve, a 
skew S-shaped exponential, of mathematical 
form 


which expi esses the assumption that m 
equal small intervals of time the organism 
loses equal proportions of its remaining power 
to grow 

Types of Growth Data 

The curves just discussed have to be fitted 
to data on single individuals Yeaily averages 
derived from different children each mea- 
sured once only do not, m general, give the 


same curve Thus the distinction between the 
two sorts of investigation is very important 
The method of study using the same child at 
each age is called longitudinal, that using 
different children at each age is called cross- 
sectional In a cioss-sectional study each child 
is measured once only and all the children at 
age 10, for example, are different from those 
at age 9 A study may be longitudinal over 
any number of years, there are short-term 
longitudinal studies extending from age 3 to 
5, for instance, and full birth-to-maturity lon- 
gitudinal studies m which the children may 
be examined once, twice, or even more times 
eveiy year fiom birth until 20 or over 
In practice it is always impossible to mea- 
sure exactly the same group of children every 
year for a piolonged period, inevitably some 
childien leave the study and others, if that is 
desired, join it A study in which this happens 
is called a mixed longitudinal study, and spe- 
cial statistical techniques are needed to get 
the maximum information out of its data In 
the past this has not always been understood, 
with the result that three-quarters and more 
of the useful infoimation of mixed studies has 
been thrown away, or, to put it differently, 
that twenty times more children have been 
used to establish a mean velocity to within cer- 
tain statistical limits than were actually re- 
quired One particular type of mixed study 
is that m which a numbei of relatively short- 
term longitudinal groups are interlocked, here 
we may have groups of 0-6, 5-11, 10-16, and 
15-20 to cover the whole age range Problems 
arise at the “joins” unless the sampling has 
been remarkably good, but the whole age 
range is coveied for estimates of mean yearly 
velocity m the research time of five years 
Both cross-sectional and longitudinal stud- 
ies have then uses, but they do not give the 
same information and cannot be dealt with 
in the same way Cross-sectional surveys are 
obviously cheaper and moie quickly done, and 
can include far larger numbers of children 
They tell us a good deal about the distance 
cuive of growth and it is essential to have 
them as part-basis for constructing standaids 
for height and weight and other measure- 
ments m a given community Periodic cross- 
sectional surveys are valuable in assessing 
the nutritional progiess of a country or a so- 
cioeconomic gioup and the health of the child 
population as a whole But they have one 
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great drawback they can nevei reveal indi- 
vidual differences in rate of growth or m the 
timing of particular phases such as the ado- 
lescent growth spurt It is these individual 
rate differences which chiefly throw light on 
the genetical control of growth and on the 
correlation of growth with psychological de- 


velopment, educational achievement, and so- 
cial behavior Longitudinal studies aie labori- 
ous and time consuming, they demand great 
perseverance on the part of those who make 
them and those who take part m them, and 
they demand very high technical standards, 
since m the calculation of a growth increment 



(a) 



(b) 

Fig 3 The relation between individual and mean velocities during the adolescent spurt (a) The 
individual height velocity curves of five boys of the Harpenden Growth Study (solid lines) with the 
mean curve (dashed) constructed by averaging their values at each age (b) The same curves all 
plotted according to their peak height velocity (From Tanner, Whitehouse, and Takaishi, 1966) 
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from one occasion to the next two errors of 
measurement occur They demand also a se- 
quential appioach to problems, with all past 
data fully computerized and available for anal- 
ysis m relation to a specific question at any 
time The evidence of the past suggests that 
unless accompanied by cross-sectional surveys 
and animal experimentation, as they are at 
the Fels Research Institute m Yellow Springs 
Ohio and the Depaitment of Growth and De- 
velopment at London University Institute of 
Child Health, they can sink ovei the yeais 
into sterile deserts of number-collecting But 
they are indispensable 

Cross-sectional data can m some important 
respects be misleading Figuie 3 illustrates 
the effect on “average” figures produced by 
the individual differences m the age at 
which the adolescent spurt begins Figure 3 a 
shows a senes of individual velocity curves 
from 10 to 18 years, each individual starting 
his spurt at a different age The average of 
these curves, obtained simply by treating the 


values cross-sectionally and adding them up 
at age 10, 11, 12, etc, and dividing by 5, 
is shown by the dashed line This line m 
no way characterizes the “average” velocity 
curve, on the contrary, it is a travesty of it 
It smoothes out the adolescent spurt, spread- 
ing it along the time axis It does not take 
account of the “phase-diffeiences” between 
the individual curves Figure 3 b shows the 
same individual curves, but arranged so that 
their peak velocities coincide, the aveiage 
curve then characterizes the group m a proper 
mannei In passing fiom Fig 3 a to 3 b the 
time-scale has been alteied so that m 3 b the 
curves are plotted not against chronological 
age but against a measuie which arranges the 
children accoidmg to how far they have trav- 
eled along their course of development, m 
other words, they aie arranged accoidmg to 
their true developmental or physiological 
growth status This is nearly always the ap- 
propriate method m analyzing longitudinal 
data, especially at adolescence It is just this 



Age (years) 


Fig, 4 Typical-individual height-attained curves for boys and girls ( Supine length to the age of 2 ) 
Integrated curves of Fig, 5 (From Tanner, Whitehouse, and Takaishi, 1966), 
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Age (years) 

Fig 5 Typical-individual velocity curves for supine length or height m boys and girls These curves 
represent the velocity of the typical boy and girl at any given instant (From Tanner, Whitehouse, 
and Takaishi, 1966 ) 


sort of difficulty that curve-fitting overcomes 
so well, one parameter representing the peak 
velocity reached, another the age at which it 
occurred, and so on 

Averages computed from cross-sectional 
data, however, inevitably produce velocity 
curves of this flattened, distorted type, and, 
equally, distance curves show the distortion 
by not rising sufficiently rapidly at adoles- 
cence 

Until recently all the published height and 
weight standards used in hospitals and schools 
incorporated this distortion However, it is 
possible to construct curves whose fiftieth 
percentile represents the actual growth of a 
typical individual by taking the shape of the 
curve from individual longitudinal data, and 
the absolute values for the beginning and end 
from large cross-sectional surveys (Tanner, 
Whitehouse, and Takaishi, 1966), Figures 4 


and 5 show height-attained and height-veloc- 
ity curves for the "typical” boy and girl in 
Britain m 1965, determined in this way By 
"typical” is meant that boy or girl who has 
the mean birth length, grows always at the 
mean velocity, has the peak of the adolescent 
growth spurt at the mean age, and, finally, 
reaches the mean adult height at the mean 
age of cessation of growth There is of course 
a certain danger m showing such a smooth, 
average curve, for measurements on a single 
individual are naturally less regular, however 
expert the measurer Practically no individual 
follows the fiftieth percentile curve of Figs 4 
and 5, but most have the same shaped curve 
Some individuals, mostly late-maturing boys, 
however, seem to have a slight dip in the 
velocity curve just before the adolescent spurt 
starts These are such a small minority that 
they have been ignored when the typical-m- 
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dividual curves were constructed They re- 
main an zntei estmg entry to further work on 
the human growth curve 

Boys* and Girls’ Height Curves 

Figuies 4 and 5 show the height curves 
from birth to maturity Up to age 2 the child 
is measured lying down on his back One ex- 
aminer holds his head m contact with a fixed 
board and a second person stretches him out to 
his maximum length and then brings a moving 
board into contact with his heels This mea- 
suiement is called supine length, and averages 
about 1 cm more than the measurement of 
standing height taken in the same child, even 
when, as in the best techniques, the child is 
urged to stretch upward to full height and 
is aided in doing so by a measurer applying 
gentle upward pressure to his mastoid pro- 
cesses This causes the break in the line m 
Fig 4 at age 2 Figuie 4 shows the typical 
girl as slightly shortei than the typical boy at 
all ages until adolescence She becomes taller 
shortly after age 11 0 because her adolescent 
spurt takes place 2 years earlier than the 
boy’s At age 14 0 she is surpassed again in 
height by the typical boy, whose adolescent 
spurt has now started, whereas hers is nearly 
finished In the same way, the typical gul 
weighs a little less than the boy at birth, 
equals him at age 8, becomes heavier at age 
9 or 10, and remams so till about age 14 

The velocity curves given in Fig 5 show 
these piocesses more clearly At birth the typ- 
ical boy is growing very slightly faster than 
the typical girl, but the velocities become 
equal at about 7 months and then the gul 
grows faster to 4 years From then till ado- 
lescence no difference m velocity can be de- 
tected The sex difference is best thought of, 
perhaps, m terms of acceleration, the boy de- 
celerating harder than the girl over the first 
4 years (see also Doming, 1957, Dermng and 
Washburn, 1963) In Britain m 1965 the typ- 
ical girl begins the adolescent height spurt at 
about age 10 5 and reaches peak height vel- 
ocity at approximately 12 0 The boy begins 
his spurt and reaches his peak just 2 years 
later The boys’ peak is higher than the girls, 
averaging in our data 10 3 ± 0,2 cm/year 
compared with the girls 9 0 ± 0,2 cm/year 
(as ^instantaneous” peaks, l e , peaks obtained 
by fitting smoothed curves to the observations, 
the velocities over the whole years which in- 


clude the peak moment are naturally less, 
averaging 9 5 cm/year for boys and 8 4 cm/ 
year for girls) 

Girls are always in advance of boys (le, 
closer to their final mature status), even at 
bnth, this very important sex dimorphism is 
considered in more detail m Section IV 

Growth Curves of Different Tissues and 
Different Parts of the Body 

Most measuiements of the body follow ap- 
proximately the giowth curve described for 
height The great majority of skeletal and 
muscular dimensions grow m this manner, 
and so also do the internal organs such as 
liver, spleen, and kidneys But some excep- 
tions exist, most notably the brain and skull, 
the repioductive organs, the lymphoid tissue 
of the tonsils, adenoids, and intestines, and 
the subcutaneous fat 

In Fig 6 these differences are shown, using 
the size attamed by various tissues as a per- 
centage of the bnth-to-maturity increment 
Height follows the "general” curve The re- 
productive organs, internal and external, have 
a slow prepubescent growth, followed by a 
very large adolescent spurt, they are less sen- 
sitive than the skeleton to one set of hor- 
mones and more sensitive to another 

The biam, together with the skull cover- 
ing it and the eyes and ears, develops earher 
than any othei pait of the body and thus has 
a chaiactenstic postnatal curve (Brain 
growth is further discussed in Section VI ) 
If the brain has any adolescent spurt at all, 
it is a very small one A small but definite 
spurt occuis in head length and bieadth, but 
all or most of this is due to thickening of 
the skull bones and die scalp and develop- 
ment of the air sinuses The dimensions of 
the face follow a path somewhat closei to 
the general curve There is a considerable 
adolescent spurt, especially m the mandible, 
resulting m the jaw becoming longei and 
more piojectmg, the piofile straightei, and 
the chm more pointed But, as always m 
growth, there aie considerable individual 
differences, to the point that a few children 
have no detectable spurt at all m some face 
measuiements 

The eye probably has a slight adolescent 
spurt, although present data aie not suffi- 
ciently accurate to make this certain. Very 
likely it is this that is responsible for the 
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Fig 6 Growth curves of different parts and tissues of the body, showing the four chief types All 
the curves are of size attained, and plotted as percent of total gain from birth to 20 years, so that size 
at age 20 is 100 on the vertical scale (From Tanner, 1962, redrawn from Scammon, 1930 ) 

Lymphoid type thymus, lymph nodes, intestinal lymph masses Brain and head type brain and its 
parts, dura, spinal cord, optic apparatus, cranial dimensions General type body as a whole, external 
dimensions (except head) respiratory and digestive organs, kidneys, aortic and pulmonary trunks, 
musculature, blood volume Reproductive type testis, ovary, epididymis, prostate, seminal vesicles, 
Fallopian tubes 


increase in fiequency of short-sightedness m 
children which occurs at the time of puberty 
Although the degree of myopia increases con- 
tinuously from at least age 6 to maturity, a 
particularly rapid late of change occurs at 
about 11 to 12 m girls and 13 to 14 in boys, 
and this would be expected if there was a 
rather greatei spurt m the axial dimension 
of the eye than in its vertical dimension (for 
references see Tanner, 1962) 

The lymphoid tissue has quite a different 
growth curve from the rest of the body (see 
Fig 6) It reaches its maximum amount be- 
fore adolescence and then, probably under 
the direct influence of sex hormones, declines 
to its adult value 


The subcutaneous fat layer also has a 
curve of its own, of a slightly complicated 
sort Its thickness can be measured either by 
X-rays or, more simply, at certain sites in 
the body, by picking up a fold of skin and 
fat between the thumb and forefinger and 
measuring its thickness with a special, con- 
stant-pressure cahpei Figure 7 shows the 
distance curves of skmfolds taken halfway 
down the back of the arm (tiiceps) and at 
the back of the chest, just below the shoulder 
blade (subscapular) Subcutaneous fat be- 
gins to be laid down m the fetus at about 34 
weeks postmenstrual age, increases from then 
till birth and from birth to about 9 months 
(This is in the average child, the peak may 
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be reached as early as 6 months or as late 
as 12 or 15 ) After 9 months, when the 
velocity of fat gam is zero, the fat actually 
decreases, that is, has a negative velocity, 
until age 6 to 8 when it begms to increase 
once more, in the pre-adolescent fat spurt 
comprehensively described by Stolz and 
Stolz (1951) Girls have a little more fat 
than boys at birth, and the difference be- 
comes more maiked during the penod of loss, 
which is not so great m girls as m boys 
From 8 years on the curves for girls and boys 
diverge more radically, as do the curves for 
limb and body fat At adolescence the limb 
fat m boys decreases (see triceps. Fig 7), 
the body fat shows a temporary slowing down 
of gam, but no actual loss in the aveiage 
boy In girls there is a slight halting of the 
limb-fat gam at adolescence, but no loss, the 
trunk-fat shows only a steady rise until adult- 
hood 

Postadolescent Growth. Growth, even of 
the skeleton, does not entirely cease at the 
end of the adolescent penod In man, in con- 
trast to some other mammals such as the rat, 


the epiphyses of the long bones close com- 
pletely and cannot then be made to grow 
again But bones that grow by surface de- 
position may continue The vertebral column 
contmues to grow until about age 30, by ap- 
position of bone to the tops and bottoms of 
the vertebral bodies Thus height increases 
by a small amount, on average 3 to 5 mm 
From about 30 to 45 it remains stationary, 
and then it begms to decline (Buchi, 1950) 
Head length and breadth and facial diam- 
eters increase slightly throughout life, and 
so does the width of bones m the leg and in 
the hand, in both sexes (Gam, Rohmann, 
Wagner, and Ascoh, 1967) For practical 
purposes, however, it is useful to have an 
age at which we may say that growth m 
stature virtually ceases, that is, after which 
only some 2% is added At present m North 
America and northwest Europe the average 
boy stops growing, m this sense, at 17 5 and 
the average girl at 15 5 years, with a normal 
variation for different individuals of about 
2 years on either side of these averages. 



Fig 7 Distance curve of subcutaneous tissue measured by Harpenden skmfold calipers over triceps 
and under scapula. Logarithmic transformation umts Data 0-1 year, pure longitudinal, 74 boys and 
65 girls (Brussels Ghild Study, Graffar, Asiel and Corbier, unpub ), 2-6 years, London Child Study 
Center (Tanner, unpub,) with pure longitudinal core 4-6 years of 59 hoys and 57 girls, actual mean 
increments subtracted or added to get means at 2 and 3, 5-16 years, London County Council (Scott, 
1961) cross-sectional, 1000 to 1600 of each sex at each year of age from 5 to 14, 500 at 15, 250 at 
16 (From Tanner, 1962 ) 
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Fig 8 Weight velocity curve for the mouse Curve 1 sexes combined, cross-sectional, from Mac- 
Dowell, Allen, and MacDowell (1927) Curves 2 and 3, males (18) and females (18), pure longi- 
tudinal, MacArihur large strain (Butler and Metrakos, 1950) Time of puberty from Engle and 
Rosasco (1927) and Flux (1954) (From Tanner, 1962 ) 


The Human Growth Curve as a Primate 
Characteristic 

The characteristic shape of the human 
growth curve is shared by apes and monkeys 
(or at least by chimpanzees and rhesus, the 
only species for which we have adequate 
data) But it is apparently a distinctive 
primate characteristic, for neither rodents 
nor cattle have curves resembling it 

In Figs 8 and 9 are shown the velocity 
curves for body weight of mice and chim- 
panzees (weight has to be used, since so 
few data on length exist) In the mouse, as 
in the rat, there is little interval between 
weaning and puberty, and no visible adoles- 
cent spurt because there is no period of low 
velocity between birth and maturity In 
terms of the maturation of their organs, 
mouse and rat are bom earlier in develop- 
ment than is man The peak velocity of the 
mouse’s weight curve occurs at a time that 
corresponds closely, by this organ-maturation 
calendar, with birth in man, which is when 


the first peak of man’s weight velocity curve 
occurs In the chimpanzee (Fig 9), on the 
other hand, the curve resembles entirely that 
of man The first peak velocity of weight must 
be shortly before or at birth, but this is fol- 
lowed by a gradual decrease of velocity dur- 
ing the long interval between weaning and 
puberty The rhesus monkey has a similar 
curve, though with less time intervening be- 
tween weanmg and puberty, The magmtude 
of the adolescent spurt, and m particular the 
degree of sex dimorphism occurring during 
it, varies in primates from species to species 
The prolongation of the time between 
weanmg and puberty appears to be an evolu- 
tionary step among the mammals, taken by 
the primates, and reaching its most pro- 
nounced development in man The increased 
time necessary for the maturing of the pri- 
mate bram has been sandwiched into this 
period At least some of the evolutionary 
reasons for this are not hard to find It is 
probably advantageous for learning, and es- 
pecially learning to cooperate m group or 
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family life, to take place while the individual 
lemams relatively docile and before he comes 
into sexual competition with adult males 

Measurements and Methods 

This is not the place to discuss what 
measurements are most important m growth 
studies, nor to detail the mannei in which 
they should be made Height and weight are 
the traditional basic measuiements, and 
height is indeed perhaps the most geneially 
useful one But it is not the best foi all 
purposes, for if we are interested in compai- 
mg humans with other pnmates or with less 
closely 1 elated mammals, we must dissociate 
the limb and trunk and compare sitting 
height or crown-rump length Weight is easier 
to measure but much less useful, since it 
consists of a conglomerate of all the tissues, 
which, as we have seen, do not all have the 
same growth curves Thus if a child is putting 
on weight, this may be because of musculai 
and skeletal growth or fat growth only 
Failure to gam weight, or actual loss of 
weight m an older child, may signify nothing 
except a better attention to diet and exercise, 
whereas failure to gam height or muscle 
would call for an immediate investigation 


Some children and adults who are “over- 
weight” by the traditional weight-for-height 
tables are simply athletes with heavy mus- 
cles If one wants to know if a child is fat, 
the best thing is to measure the amount of 
subcutaneous fat directly 

Other measurements frequently made are 
sitting height (giving leg length by subtrac- 
tion fiom stature), shoulder and hip width, 
head length and breadth, arm and calf cir- 
cumference, slanfolds, and widths acioss the 
elbow and knee Two internationally used 
series or battenes of measuiements aie avail- 
able One is the baseline of the birth-to- 
maturity longitudinal studies sponsoied by 
the International Childien's Centei, Pans, 
made concuirently m Brussels, London, 
Louisville, Pans, Stockholm, and Zurich, and 
matched by exactly similar studies m Pi ague, 
Helsinki, Dakar, Kampala, and elsewhere 
The 13 basic measurements and the manner 
of making each aie given in Falkner (1960) 
Photographs showing measurement technique 
can be seen m Tanner (1964) The second 
international battery is the rather more am- 
bitious measurement schedule laid down foi 
use of all studies of growth and physique 
made m association with the International Bio- 


Chimpanzee, 
body weight 



Fig 9 Weight velocity curve for the chimpanzee Actual increments from Grether and Yerkes 
(1940) Menarche from Young and Yerkes (1943) and Gavan (1953), average 8 8 years, range 7 0 
to 10 8 (From Tanner, 1952 ) 
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logical Program Two schedules aie given, 
one comprising 21 measurements, the othei 
37 (Tanner, Hiemaux, and Jaiman, 1968) 
This IBP Handbook also gives details of ra- 
diographic techniques for demonstiatmg bone 
muscle and fat These are also illustrated and 
described in Tanner (1964) 

The International Children’s Center Studies 
are designed longitudinally and call for the 
children to be examined at 1, 3, 6, 9, 12, 18, 
and 24 months and yearly thereafter Age 
limits are laid down for these examinations, 
thus at 3 to 18 months the child should be 
within ± 7 days of the required date and at 
later ages within ± 14 days In piactice the 
use of such limits turns out to be moie im- 
portant for cioss-sectionai suiveys than for 
longitudinal studies wheie individual curve- 
fitting may be done whatever the dates of 
examination There is, however, an appar- 
ently small but significant technical point 
Calculating velocities for individual children 
examined at varying intervals is mtoleiably 
difficult if the usual system of age m years 
and months is used It is much simpler to use 
decimal age , that is, a calendai which oper- 
ates in decimals of a year In such a calendai 
June 1, 1968 is 68 414, for example If a child’s 
birth date is August 16, 1961 (61 622), his 
age on June 1, 1968 would be simply 68 414 
— 61 622 = 6 79 (rounded) Inciements of 
age from one examination to the next aie 
easily calculated by subtraction and lates of 
growth are calculated by simple division A 
table of decimals of a year can be found m 
the IBP Handbook or m Tanner, Whitehouse, 
and Takaishi (1966) 

A last point concerns the reporting of 
growth data Confusion still arises between 
means referring to, say, children all aged ex- 
actly 6 0, children aged 6 0 to 6 99, and 
children aged 5 5 to 6 49 The best termin- 
ology is to label the means of these age groups 
as 6 0, 6+, and 6±, respectively 

II PRENATAL GROWTH 

The period of prenatal growth is vitally im- 
portant to the child’s future well-being, yet 
it is the period about which, inevitably, we 
know least For the fiist two-thirds of preg- 
nancy we have to rely on cross-sectional stud- 
ies, and to a large extent on embryos and 
fetuses expelled from the uterus because 


one or the other was abnoimal For later fe- 
tal life we can study infants bom prematurely, 
making the assumption that these children 
have giown before birth and will grow after 
it in exactly the same way as children who 
remain m the uterus the average length of 
time Though this seems to be a hazardous 
assumption, it is piobably justified, if chil- 
dien with ceitam abnormalities aie excluded 

Our ignorance begins at the beginning, foi 
we do not know what forces are responsible 
for selecting out of the millions of sperm the 
one which feitilizes the ovum Fertilization 
takes place in one of the tubes which lead 
from the ovai les to the uteius The fertilized 
egg spends about seven days drifting down 
the tube and floating in the uterine cavity 
before implantation into the wall of the uterus 
takes place Dui mg this time the cells divide 
steadily, so that when it is leady for implanta- 
tion, the blastocyst, as it is called, consists of 
several dozen cells Blastocysts can be washed 
out of the tube and implanted in a foster- 
mothei, and in animals this technique has 
been used both for examining the effect of 
different kinds of uterine environment on de- 
velopment (McLaien and Michie, 1956) and 
for transporting by air the fetuses of large 
animals packaged, temporarily, in the uten of 
small ones 

After implantation the outer layei of the 
blastocyst undergoes a series of changes cul- 
minating m the foimation of the placenta, 
and a small portion of the mnei layer develops 
into the embryo The period of the embryo is 
considered to begin two weeks after fertiliza- 
tion and ends eight weeks aftei fertilization, 
when the child, now lecognizably human, 
with arms and legs, a heart that beats, and a 
nervous system that shows the beginnings of 
leflex responses to tactile stimuli, is called a 
fetus At this age it is about 3 cm long 

This is a hazaidous period, and consider- 
ably more ova are fertilized than come to 
fruition Probably about 30% of embryos are 
aborted, usually without the mothers’ knowl- 
edge This is due m most cases to abnormalities 
of development, either of the embryo oi of 
its protective and nutritive sunoundmg struc- 
tures For example, chromosomal abnormali- 
ties aie present in between 3 and 4% of 
fertilized ova, but in only %% of newborns 
Thus about 90% of all conceptuses with these 
abnormalities are rejected as early spontane- 
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ous abortions Lesser degrees of abnormality 
may result in a viable fetus and child, but 
one which grows less than normal An example 
of this is the child with the chromosomal dis- 
order of tnple-21, discussed m Chapter 2 of 
this book 

The reckoning of age m the prenatal pe- 
riod piesents a problem Traditionally and 
because we have no better way, age is counted 
from the first day of the last menstrual period 
This occurs on average two weeks before fer- 
tilization Thus the most frequent age at birth 
is 280 days or 40 0 weeks, reckoned as “post- 
menstrual age,” but it represents only 38 
weeks of true fetal age There aie difficulties 
in individual cases, however, the interval from 
menstruation to fertilization varies consider- 
ably, and worse, menstrual bleeding, or some- 
thing like it, may continue m some women for 
one or even two months after fertilization 
Thus reliable growth curves of the fetus are 
hard to come by Figure 10 shows the dis- 
tance and velocity curves of body length, so 
far as it may be measured, m prenatal life 
and for 2 years after birth The peak velocity 
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Fig 10 Distance (a) and velocity (b) curves 
for growth in body length m prenatal and early 
postnatal penod Cross-sectional data of His and 
Russow ( Redrawn from Thompson, 1942 ) 


is reached at about 4 months postmenstrual 
age In the embryonic period the velocity 
is not very great During these first 2 months 
differentiation of the originally homogeneous 
whole into regions, such as head, arm, and 
so forth, occurs, as does histogenesis, the 
differentiation of cells into specialized tissues 
such as muscle or nerve At the same time 
each region is molded, by differential growth 
of cells or by cell migration, mto a definite 
shape This process, known as morphogenesis, 
continues right up to adulthood and, indeed, 
in some parts of the body, mto old age But 
the major part of it is completed by the 
eighth postmenstrual week 

The great rate of growth of the fetus com- 
pared with that of the child is largely due 
to the fact that cells are still multiplying 
The proportion of cells undergoing mitosis in 
any tissue becomes progressively less as the 
fetus gets older, and it is generally thought 
that few if any new nerve cells (apart from 
neuroglia) and only a small proportion of new 
muscle cells appear after 6 fetal months, die 
time when the velocity m linear dimensions 
is sharply dropping The muscle and nerve 
cells of the fetus are considerably different 
in appearance from those of the child or 
adult Both have litde cytoplasm around the 
nucleus In the muscle there is a great amount 
of intercellular substance and a much higher 
proportion of water than m mature muscle 
The later fetal and the postnatal growth of 
muscle consists chiefly of building up the 
cytoplasm of the muscle cells, salts are in- 
corporated and the contractile proteins are 
formed The cells become bigger, the inter- 
cellular substance largely disappears, the con- 
centration of water decreases This process 
continues quite actively up to about 3 years 
of age and slowly thereaftei, at adolescence 
it briefly speeds up again, particularly in 
boys, under the influence of androgenic hor- 
mones In the nerve cells cytoplasm is added, 
nucleoprotem bodies appear, and axons and 
dendrites grow Thus postnatal growth is, for 
at least some tissues, chiefly a period of de- 
velopment and enlargement of existing cells, 
whereas early fetal life is a period of the di- 
vision and addition of new cells 

The Effect of the Uterine Environment 

Growth m weight of the fetus follows the 
same general pattern as growth m length, ex- 
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Age (weeks) 

Fig 11 Velocity of growth in weight of singleton children Prenatal curve from data of McKeown 
and Record (1952) on birth-weights of live-born children delivered before 40 weeks of gestation 
Postnatal data from Ministry of Health (1959), mixed longitudinal data (their Table VII) Dashed 
line shows estimate of velocity immediately before and after birth, showing catch-up ( From Tanner, 
1963 ) 


cept that the peak velocity is reached much 
later, at approximately 34 0 weeks postmen- 
strual (Gruenwald, 1967) Theie is con- 
siderable evidence that from about 34 or 36 
weeks on the rate of growth of the fetus slows 
down due to the influence of the maternal 
uterus, whose available space is by then 
becoming fully occupied Twins slow down 
earlier, when their combined weight is ap- 
proximately the 36-week weight of the single- 
ton fetus (McKeown and Record, 1952, 
1953, Naeye, Bemrschke, Hagstrom, and 
Marcus, 1966) In Fig 11 is plotted the 
velocity curve for mean weight of live-bom 
singletons of gestation period 24 to 40 weeks, 
with a postnatal curve from a large-scale 
mixed longitudinal study of a similar popula- 
tion (Ministry of Health, 1959) , The velocity 
rises m the immediate postbirth period to 
make a peak which would quite naturally join 
with the prebirth peak to make a smooth 
velocity curve without the dip in the last few 
weeks befoie birth The increase m velocity 
after birth represents a catch-up ( see Section 


VII) on the part of those newborns who 
have been most held up m the uterus Thus 
there is a significant negative correlation be- 
tween length at birth and length increment 
during the first year, and also between weight 
and weight increment 
This slowmg-down mechanism enables a 
genetically large child developmg m the 
uterus of a small mothei to be successfully 
delivered It operates in many species of 
animal, the most dramatic demonstration was 
made by crossing reciprocally a large Shire 
horse and a small Shetland pony The pair in 
which the mother was a Shire had a large 
newborn foal, and the pair m which the 
mother was Shetland had a small foal But 
both foals were the same size after a few 
months, and both ended about halfway be- 
tween their parents The same has been 
shown m cattle crosses (Dickinson, I960) 
In man the correlation between length at 
birth and adult height is only about 3, but 
it rises sharply during the first year and be- 
tween length at age 2 and adult height is 
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nearly ,8 (Tanner, Healy, Lockhart, Mac- 
Kenzie, and Whitehouse, 1956) These fig- 
ures also reflect maternal control of the new- 
born size 

How this control is exercised is not clear 
The placenta grows at first more rapidly than 
the fetus, but then it grows more slowly so 
that the placenta/fetus ratio falls from about 
30 weeks on It may be that the placenta 
simply cannot increase its capacity to supply 
nutriments sufficiently to sustain the rapid 
34-week fetal velocity In mice and guinea 
pigs it seems likely that the limiting factor 
is a hemodynamic one, the size of the 
placenta being dependent on the pressure at 
which the maternal blood reaches it, and the 
size of the fetus depending, m turn, on the 
size of the placenta (McLaren, 1965) 
Whether this is also important in man is not 
yet known 

Poor environmental circumstances, espe- 
cially of nutrition, result in lowered birth 
weight in the human This seems chiefly to 
be due to a reduced rate of growth in the 
last 2 to 4 weeks of fetal life, for weights of 
babies born at 36 or 38 weeks m various 
parts of the world under various circumstances 
are rather similar (Gruenwald, 1967) 
Mothers who due to adverse circumstances m 
their own childhood have not achieved their 
full growth potential may produce smallei 
fetuses than they would have had they grown 
up under better circumstances Thus two 
generations or even more may be needed to 
undo the effect of poor environmental cir- 
cumstances on birth weight 

So-Called "Premature” Babies 

Some babies are born earlier than others 
and they naturally tend to be smaller Until 
recently all babies under the birth weight of 
2500 giams (Sj4 pounds) were designated 
“premature” whatever m fact their physiologi- 
cal state or gestation period This definition 
(promulgated by WHO m 1948) did a lot 
of harm and has now been dropped, the 
word premature has gone out of scientific 
use Babies less than 2500 grams at birth 
(WHO 1961, but a better usage is 2000 
grams) are called low-birth-weight infants, 
babies bom after a shorter than usual period 
in the uterus are called short-gestation-penod 
infants Standards exist for comparing the 
birth weight of a short-gestation child with 


that of others of similar gestation If the 
child’s weight on this basis is low, he is 
called small-for-dates 

These distinctions are important Low- 
birth-weight children grow faster than others 
during the first two years, catching up some- 
what, but they do not reach the height or 
weight of normal children growing up under 
similar environmental circumstances by age 
5 or probably ever Nor do they on average 
achieve the same level of ability in tests of 
intelligence, though here also they show 
catch-up in the first two years (Drilhen, 
1964) The deficits m both size and ability 
increase as the birth weight decreases, chil- 
dren between 2000 and 2500 grams at birth 
show little impairment of ability and only a 
slight size deficit A considerable proportion 
of those under 2000 grams, however, have 
some mental or neuiological defect Evidently 
many of the 2000 to 2500-gram babies are 
simply small babies bom after a normal 
gestation to genetically small mothers, 
whereas most of those below 2000 grams 
have suffered some developmental difficulty 
It is interesting that mothers of these babies 
have a higher proportion of abnormal out- 
comes m other conceptions also than do 
mothers of larger infants 

Clearly the prognosis for a small child bom 
after the normal length gestation and an 
equally small child bom after a shortened 
gestation may be very different Leaving the 
uterus early is not in itself necessarily dele- 
terious, whereas growing less than normally 
durmg a full uterine stay implies pathology 
of fetus, placenta, or mother 

Birth as a Happening 

For some physiological functions birth 
signifies upheaval and change, often asso- 
ciated with a particular vulnerability But it 
is important to realize that for very many 
others birth is an incident without much 
significance m a steadily matuimg and chang- 
ing program of events 

The respiratory and the cardiovascular 
systems are the ones most altered by the fact 
of birth Failure to establish satisfactory 
respiration during the crucial period just after 
birth is a common cause of neonatal death 
and of biam injury among survivors The 
newborn infant, however, has a much greater 
capacity to survive straightforward anoxia 
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undamaged than do children or adults, and 
we are moving toward the view that in many 
cases it is pre-existing brain damage, of de- 
velopmental or uterine origin, which is the 
reason for failure to initiate respiration, or 
failure apparently to survive a period of 
anoxia “Almost all medical literature still 
equates failure to breathe at birth with ‘birth 
injury’ placing the damage at the time of 
delivery The evidence suggests that pre-exist- 
ing brain damage interferes with the ability 
to adjust to extra-uterine life and to initiate 
respiration” (Knobloch and Pasamamck, 
1962) Dnllien (1964) remarks of her own 
comprehensive study that the more severe 
defects originate usually at an early stage of 
fetal development rather than from damage 
to a potentially normal nervous system oc- 
curring m the last three months of pregnancy 
or during delivery Differences in later be- 
havior are found between children who have 
been subjected to certain obstetric hazards 
and those who have not, however, and these 
may be wholly or partly due to minimal 
bram damage occurring at the time of de- 
livery 

Some enzyme systems aie equally sharply 
affected by the fact of birth Thus in rabbits 
there is a sudden rise m glucose-6-phos- 
phatase in the liver at birth and not before, 
whether birth is induced early, occurs nor- 
mally, or is late (Dawkms, 1961) Othei 
animals also show a rise an this enzyme at 
birth This is readily accounted for The 
enzyme catalyzes the breakdown of glycogen 
to glucose, and during the last part of fetal 
life many mammals store a lot of glycogen 
m the liver Just after birth there is great need 
of glucose m the blood and tissues, pending 
the full establishment of lactation, and the 
enzymic events are adjusted in a way which 
brings this about 

On the other hand, numerous enzymes 
exist with time courses of development which 
are quite independent of birth (see Serem 
and Pnncipi, 1965) A well-known example 
is the switch from production of fetal hemo- 
globin to adult hemoglobin These are forms 
of hemoglobin with slightly diffeient molecu- 
lar structures A gradual switch m production 
occurs, so that the percentage of fetal hemo- 
globin begins dropping from about the thirty- 
sixth postmenstrual week The switch is not 
due to birth, however, because the fetal pei- 


centage remains high m prematurely bom 
babies and is low in those who are post- 
maturely bom (Jonxis, 1965) Thus in this, 
as in other respects, the prematurely born 
has to await the striking of some differently 
regulated biological clock 

Most importantly, the maturation of the 
nervous system seems to be little affected by 
the fact of birth The electroencephalogram 
of an infant bom prematurely at 28 weeks 
will 6 weeks later be much the same as that 
of an infant born at 34 weeks (Dreyfus- 
Bnsac, 1966, Minkowski, 1966) Birth also 
does not influence the date of appearance of 
conditioned reflexes (Papousek, 1961) nor the 
stages of motor behavior elicited by detailed 
neurological examination According to Dar- 
gassies (1966) the development of this be- 
havior occurs m a prematurely bom infant 
just “as if birth before term did not percep- 
tibly alter the course of neurological matura- 
tion [(The schedule)] is adhered to just as 
closely in an incubator as in utero ” 

m GROWTH AND DEVELOPMENT AT 
ADOLESCENCE 

After birth the growth rate of most body 
tissues falls steadily, the fall being swift in 
the first two or three years and slower there- 
after The rate of growth m height decreases 
slowly from an average of 6 5 cm/year at 
age 5 0 to about 5 0 cm/year just before the 
adolescent spurt begins Weight velocity is 
almost constant from age 3 to puberty (nsing 
from an average of 2 0 kg/year to about 2 7 
kg/year), since the increase m fat velocity 
balances the drop in velocity of muscular 
and skeletal dimensions Body shape con- 
tinues to change, since the rate of growth 
of some parts, such as the legs and arms, is 
greater than the rate of growth of others, 
such as the tmnk But the change is a steady 
one, a smoothly continuous development of 
the final prepubescent physique rather than 
any passage through a series of separate 
stages 

The Adolescent Growth Spurt 

At puberty, a very considerable change in 
growth rate occurs For a year or more the 
velocity of growth approximately doubles a 
boy is likely to be growmg at a rate he last 
experienced at about age 2 Durmg the year 
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which includes the moment of peak height 
velocity a boy usually grows between 7 and 
12 cm and a girl between 6 and 11 cm 
Children who have their peak early reach a 
higher peak than those who have it late, the 
correlation between peak height velocity and 
the age at which it is reached being about 
— 45 (this is visible in the lines of Fig 3) 
The average age at which the peak occurs 
varies moie from one population to another 
than does the magnitude of the peak, depend- 
ing on environmental and peihaps genetic 
circumstances In moderately well-off children 
in West Euiope the peak is reached on aver- 
age at about 14 0 m boys and 12 0 m girls, 
m the United States it is leached about 6 
months earlier m the coirespondmg socio- 
economic group 

The adolescent spurt is at least partly un- 
der diffeient hormonal conti ol from growth 
in the preceding period (see Section V) 
Probably as a consequence of this the amount 
of height added during the spurt is to a con- 
siderable degree independent of the amount 
attained befoie it Most children who have 
grown steadily up, say, the thirtieth per- 
centile line on a height chart till adolescence, 
end up at the thirtieth percentile as adults, it 
is true, but a numbei end as high as the fiftieth 
or as low as the tenth, and a veiy few end at 
the fifty-fifth or fifth The correlation between 
adult height and height just before the spurt 
starts is about 8 This leaves some 30% of the 
variability m adult height as due to differ- 
ences in the magnitude of the adolescent spurt 

Practically all skeletal and muscular di- 
mensions take part m the spurt, though not 
to an equal degree Most of the spurt in 
height is due to acceleiation of trunk length 
rather than length of legs There is a fairly 
regular order m which the dimensions ac- 
celerate, leg length as a rule reaches its 
peak first, followed by the body breadths, 
with shoulder width last (Stolz and Stolz, 
1951) Thus a boy stops growing out of his 
trousers (at least in length) a year before 
he stops growing out of his jackets The 
earliest structures to reach their adult status 
are the head, hands, and feet At adolescence, 
children, particularly grls, sometimes com- 
plain of having large hands and feet They 
can be reassured that by the time they are 
fully grown their hands and feet will be a 
little smaller m proportion to their arms and 
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Fig 12 Mean velocity of combined muscle 
cross-sectional area (calf, arm, and thigh) Lon- 
gitudinal data, individual curves aligned on peak 
height velocity (PHV) (From Tanner, 1985 ) 


legs, and considerably smaller in proportion 
to their trunk 

Changes in Body Composition at Adolescence 

The relative changes in bone muscle and fat 
can be followed in radiographs of the limbs, 
taken in a standardized way (Tanner, 1964) 
The marked spurt in muscle is illustrated m 
Fig 12 and the simultaneous loss of fat in 
Fig 13 These curves are derived from 28 
boys and 21 gills m the Harpenden Growth 
Study measured each 6 months dunng pu- 
beity (for details see Tanner, 1965) The 
resulting individual curves have been aligned 
according to the child's point of peak height 
velocity (PHV) instead of according to 
chronological age This technique, introduced 
into growth studies by Boas (see Tanner, 
1959) some 80 years ago, and furthered by 
Shutdeworth (1937) and Stolz and Stolz 
(1951), ovei comes the difficulty caused by 
some children having an early adolescent 
spurt and some a late one When chrono- 
logical age is used as a base the mixture of 
preadolescent, midadolescent, and postadoles- 
cent children at each age obscures the course 
of events m the manner illustrated in Fig 
3 

Figures 12 and 13 represent a summary 
of radiographic measurements of calf, thigh, 
and upper arm In each case the widths of 
the bone, muscle, and fat were measured at 
a standard level, and the cross-sectional areas 
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Fig 13 Mean velocity of combined subcutane- 
ous fat cross-sectional area (calf, arm, and thigh) 
Longitudinal data, individual curves aligned on 
peak height velocity (PHV) (From Tanner, 
1965 ) 


of each were calculated on the assumptions 
that the limb was circulai, and that, at the 
level measured, the three tissues were dis- 
tributed m concentric rings (Simple muscle 
and fat widths, however, give very similar 
curves,) The values for muscle cross-sections 
m calf, arm, and thigh were summed, but 
with the thigh value halved first, since it was 
about twice that of the other regions The 
same procedure was followed with the fat 

These figures give the velocity curves Both 
boys' and girls' muscle cross -sections (Fig 12) 
show large increases m velocity, reaching 
peaks a trifle after the points of maximal 
height velocity (when the boys' cuive is 
smoothed) The boys reach a considerably 
greater velocity than the girls From infancy 
to adolescence boys have on average some- 
what larger muscles than gills, but the girls' 
adolescent spurt, beginning two years earlier 
than the boys', carries them beyond the boys 
temporarily Thus from about 12# to 13 
girls on average actually have laiger muscles 
than boys Then the boys' spurt begins and 
the adult sex difference comes to be estab- 
lished 

The curve for limb bone width resembles 
that for muscle, but with its peak coincident 
with peak height velocity The adolescent 
spurt is wholly or largely attributable to in- 


crease m width of the dense bony cortex, the 
size of the marrow cavity on the inside of the 
bone seems to change little if at all (Tanner, 
1968) 

Figure 13 shows the curve for fat Boys on 
average actually lose fat at adolescence, with 
maximum rate of loss coincident with peak 
height velocity Girls show an identically 
shaped curve, but the decrease m velocity 
is not sufficiently great to carry the mean 
below zero, that is, to give an absolute loss 
Most gnls have to content themselves with a 
temporary go-slow m fat accumulation Fat 
on the body shows a much smaller decrease 
of velocity than fat on the limbs (see Fig 7) 

Strength and Exercise Tolerance 

The increase in muscle size is naturally ac- 
companied by an increase in stiength, illus- 
trated m Fig 14, diawn from. the mixed longi- 
tudinal data of Jones (1949) Arm pull refeis to 
the movement of pulling apait clasped hands 
held up m front of the chest, the hands each 
holding a dynamometer handle, arm thrust 
refers to the reverse movement of pushing 
the hands together Each individual test rep- 
resents the best of thiee trials made in com- 
petition with a class mate of similar ability 
and against the individual's own figuie of six 
months before Only with such precautions 
can maximal values be approached The boys 
show a very marked strength increase, where- 
as the girls have little real spurt, by the age 
of menarche then strength has leached its 
maximum Othei data indicate that, except 
m hands and foreaims, girls and boys are sim- 
ilar m stiength for a given body size and 
shape until puberty begins 

After adolescence, however, boys are much 
stionger, chiefly by virtue of having largei 
muscles, and partly, probably, by being able 
to develop moie force per gram of muscle 
tissue They also develop larger hearts and 
lungs relative to their size, a higher systolic 
blood pressure, a lower lesting heart rate, a 
greater capacity for carrying oxygen in the 
blood, and a greater power for neutralizing 
the chemical products of muscular exercise 
such as lactic acid (see Tanner, 1962, p 168) 

In short, the male becomes at adolescence 
more adapted for the tasks of hunting, fight- 
ing, and manipulating all sorts of heavy ob- 
jects, as is necessary m some forms of food- 
gathering 
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Fig 14 Strength of arm pull and arm thrust from age 11 to 17 Mixed longitudinal data, 65-93 boys 
and 66-93 girls m each group ( From Tanner, 1962, data from Jones, 1949 ) 


The increase in hemoglobin, associated 
with a parallel increase m the numbei of red 
blood cells, is illustrated in Fig 15, drawn 
from the data of Young (1963) The hemo- 
globin concentration is plotted m relation to 
the development of secondary sex characters 
instead of chronological age, for the same rea- 
son as the muscle and fat cross-sections were 
previously plotted in relation to peak height 
velocity Girls lack the rise m red cells and 
hemoglobin, which is brought about by the 
action of testosterone 

It is as a direct result of these anatomical 
and physiological changes that athletic ability 
mcreases so much m boys at adolescence 
The popular notion of a boy “outgrowing his 
strength” at this time has little scientific sup- 
port It is true that the peak velocity of strength 
is reached a year or so later than that of 
height, so that a short period may exist when 
the adolescent, having completed his skeletal 
and probably also muscular growth, still does 
not have the strength of a young adult of the 
same body size and shape But this is a tem- 
porary phase, considered absolutely, power, 
athletic skill, and physical endurance all in- 
crease progressively and rapidly throughout 


adolescence It is certainly not true that the 
changes accompanying adolescence enfeeble, 
even temporarily If the adolescent becomes 



Fig 15 Blood hemoglobin level m girls and 
boys acording to stage of puberty Cross-sectional 
data (From Young, 1963.) 
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Fig 16 Diagram of sequence of events at adolescence m boys An average boy is represented, the 
range of ages within which each event charted may begin and end is given by the figures placed 
directly below its start and finish (From Tanner, 1962 ) 


weak and easily exhausted it is for psycho- 
logical reasons and not physiological ones 

Development of the Reproductive System 

The adolescent spurt m skeletal and muscu- 
lar dimensions is closely related to the rapid 
development of the reproductive system which 
takes place at this time In the older litera- 
ture the word puberty was used to denote 
the appearance of the pubic hair, but more 
recently it has been taken to lefer to the period 
of time at which the testes or ovaries and such 
organs as the uterus, prostate, and seminal 
vesicles suddenly enlarge In this way it is 
possible to talk about puberty m mammals 
in general, foi in most mammals the growth 
curves of these lepioductive organs differ 
from the growth curves of other parts of the 
body by being neaily flat at first and then 
suddenly steeply using (see Fig 6) 

The sequence of events m man is shown 
diagrammatically in Figs 16 and 17 Figure 
16 is laigely based on the classic study by 
Herbeit and Lois Stolz (1951) of the giowth 
of 67 boys m Oakland, California, followed 
over seven yeais of adolescence This study 
is remarkable both foi the detail in which in- 
dividual differences m growth rates weie anal- 


yzed and for the introduction of carefully 
posed serial photographs as an integral part 
of the descriptive technique, a method later 
copied and made more quantifiable in the 
Harpenden Growth Study (Tanner, 1962) 
Figure 17 is chiefly based on Reynolds’ and 
Wines’ (1951) data from the Fels Research 
Institute, and also the data of Nicholson and 
Hanley (1953) and Tanner, Whitehouse, and 
Takaishi (1966) The solid areas m Fig 16 
marked penis and testis represent the period 
of accelerated growth of these organs, and 
the horizontal lines and the rating numbers 
marked pubic hair stand for its advent and 
development The sequence and timings given 
represent in each case an average value for 
West European boys. North Americans may 
average a few months earlier To give an idea 
of the individual departures from the average, 
figures for the range of ages at which the 
spurts foi height, penis growth, and testis 
growth begin and end are inserted under the 
first and last point of the curves or bars The 
acceleration of penis growth, foi example, be- 
gins on average at about age 13, but some- 
times as early as 11 and sometimes as late as 
14 Yz The completion of penis development 
usually occurs at about age 15 but in some 



98 J M TANNER 


boys at 13% and others at 17 There are a 
few boys, it will be noticed, who do not be- 
gin then spurts m height or penis develop- 
ment until the earliest matuiers have entirely 
completed theirs At ages 13 and 14 there is 
an enormous vai lability among any gioup of 
boys, who range all the way from piactically 
complete maturity to absolute pre-adolescence 
The psychological and social importance of 
this is discussed m the next section 
The sequence of events, though not ex- 
actly the same for each boy, is much less 
variable than the age at which the events oc- 
cur The first sign of puberty in the boy is 
usually an acceleration of the growth of the 
testes and scrotum Slight growth of pubic 
hair may begin about the same time but is 
usually a tiifle later The spurts m height 
and penis growth begin about a year after 
the fiist testicular acceleiation The testiculai 
growth is mainly due to increase m the size 
of the sperm-producmg structures The Ley- 
dig cells, which seciete male sex hormone, 
take up little space, they aie piesent at buth 
but legless rapidly and fiom one month till 
puberty are few, inconspicuous, and inactive 
At puberty they leappear and then full de- 
velopment, judged by histological criteria, is 
only leached late in puberty, at about the 
time when active sperm are being pioduced 
and the testes have reached neai -adult size 
Some designation of how far a child has 
progressed through puberty is often requned 
m clinical, educational, and anthi opological 
work, and pictorial rating scales from 1 (pie- 
pubescent) to 5 for genital development m 
boys, bieast development m girls, and pubic 
hair development m both sexes will be found 
in texts of adolescent development (eg, 
Tannei, 1962, 1969) Some systems use a 
combination of genital and pubic hair growth 
for the male, but since some degree of dis- 
sociation between these two developments 
may occur, it is better to keep them separate 
In this way also the same standards can be 
used for pubic hair m males and females 
The size of the testes can be appioximately 
determined by comparison with a string of 
standard plastic models of the same shape as 
the testis, known as the Prader oichidometer 
Axillary and facial hair both appear on 
average some two years after the beginning 
of pubic hair growth There is a definite or- 
der m which the hairs of mustache and beard 


appear, first at the corners of the upper lip, 
and then ovei the whole upper lip, then the 
upper part of the cheeks and the midhne be- 
low the lower lip, and finally along the sides 
and lower border of the chm The remainder 
of the body hair appears from about the time 
of fiist axillaiy hair development until a 
considerable time after puberty The ultimate 
amount of body hair an individual develops 
seems to depend laigely on heredity, though 
whether because of the kinds and amounts 
of hoimones secreted or because of the re- 
activity of the end-organs is not known 
Breaking of the voice occuis relatively late 
m adolescence, it is often a gradual process 
and so not suitable as a criterion of puberty 
It accompanies enlargement of the larynx, 
caused by the action of testosterone on the 
laryngeal cartilages 

During adolescence the male bieast under- 
goes changes, some temporal y and some 
permanent The diameter of the areola, which 
is equal m both sexes befoie puberty, in- 
creases considei ably, although less than it 
does in gills Repiesentative figuies are 12 5 
mm befoie puberty, 21 5 mm in mature men, 
and 35 5 mm m matuie women (Gam, 
1952) In some boys (between a fifth and a 
thud of most gioups studied) there is a 
distinct enlargement of the bieast about mid- 
way through adolescence This usually le- 
gi esses again after about one year 

Concomitantly with growth of the penis, 
and under the same influence, the prostate 
gland and seminal vesicles enlaige The time 
of the fiist ejaculation of seminal fluid is to 
some extent cultuially as well as biologically 
determined, but as a lule it is during adoles- 
cence and about a year aftei the beginning of 
accelerated penis growth 

The sequence of events m girls is shown 
m Fig 17 The appeal ance of the “breast 
bud” (stage 2 m breast development) is as 
a rule the fiist sign of puberty m guls, though 
the appearance of pubic han sometimes pre- 
cedes it The uteius and vagina develop 
simultaneously with the bieast As in boys, 
there is a laige variation m the age at which 
the vanous events occur Menaiche, the first 
menstrual period, is a late event m the se- 
quence It occurs almost invariably after the 
peak of the height spurt has been passed 
In Fig 18 a Gompertz curve has been 
fitted to the height measurements of a girl 
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Fig 17 Diagram of sequence of events at adolescence m girls An average girl is represented, the 
range of ages within which some of the events may occur is given by the figures placed directly 
below them (From Tanner, 1962 ) 


from 10 V 2 to 16, and differentiated to give 
the smoothed velocity (middle) and accelera- 
tion (lower) curves The acceleration begins 
by rising to a peak, then falls progressively, 
crosses the zero line at the point of maximal 
velocity, reaches its own maximum decelera- 
tion, and then leturas to zero B2 represents 
the Hist appearance of breast bud and B5 
the time at which a more oi less adult breast 
form was leached The first appearance of 
pubic hair could not be determined since 
only photographs were available, but P3 and 
P5 give the intermediate and completed 
pubic hair points Menarche is also given 
This particular girls menarche took place 
some seven months later than average, but 
its relationship with the height curve is typi- 
cal Menarche occurred at the moment when 
deceleration was maximal, as is usually the 
case This relationship makes the point that 
some hormonal forces may be better reflected 
m acceleiation rather than velocity or distance 
curves 

Menarche marks a definitive and probably 
mature stage of uterine development, but it 
does not usually signify the attainment of full 
reproductive function The early menstrual 


cycles, which in some girls are more irregular 
than later ones, often occur without an ovum 
being shed Theie is frequently a period of 
adolescent sterility, lasting a year or 18 
months after menarche The same occurs in 
apes and monkeys Similar considerations may 
apply to the male, but there is no reliable m- 
foimation on this On average girls grow 
about 6 cm more after menarche, although 
gains of up to twice this amount may occur 
The gam is piactically independent of 
whether menarche occuis early or late 
The diagrams of Figs 16, 17, and 18 must 
not be allowed to obscure the fact that chil- 
dren vary a good deal m the relative closeness 
with which the various events of puberty 
are linked together At one extreme we may 
find a girl who has not yet menstruated, 
though she has reached adult breast and 
pubic hair ratings and is already two years 
past her peak height velocity* at the other 
we may find a girl who has passed all the 
stages of puberty within the space of two 
years In Fig 19 the relations between events 
m a series of girls m the Harpenden Giowth 
Study are charted (Marshall and Tanner, 
unpublished) The vai lability between in- 
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Fig 18 Height attained, height velocity, and 
height acceleration curves of a girl at adoles 
cence B2 marks beginning of breast development, 
B5 adult form P3 marks intermediate stage of 
pubic hair development, P5 adult form M marks 
menarche (From Tanner, 1967 ) 


dividuals is equally marked m boys The 
average boy takes about two years to pass 
from genital stage 2 to stage 4, but excep- 
tional boys may take as long as five years 
In both sexes the acceleration in skeletal de- 
velopment and the development of genitalia 
and breasts are rather closely linked The 
growth of pubic hair is a little less closely 
bound up with skeletal and reproductive 
events (see Reynolds and Wines, 1951) 
The basis for some children having loose 
and some tight linkages between pubeital 
events is not known Probably the linkage 
reflects the degree of integration of various 
processes m the hypothalamus and the pitui- 
tary gland, for breast growth is controlled 
by one group of hormones, pubic hair growth 


by another, and the height spurt probably 
by a third (see Section V) 

The Development of Sex Dimorphism 

The differential effects on the giowth of 
bone, muscle, and fat at puberty increase 
considerably the difference in body composi- 
tion between the sexes Boys have a greater 
increase not only in the length of bones but 
m the thickness of cortex, and girls have a 
smaller loss of fat Thus it is usually possible 
to tell an adult man from an adult woman 
by examining meiely a radiograph of the 
calf A discriminant function using fat and 
bone widths sepaiates the sexes aftei puberty 
with only 5% misclassified But before pu- 
berty we can do barely better than chance 
(Tanner, 1962) 

There are, of course, a numbei of bettei- 
known sexual dimorphisms in man Among 
the differences in body size and shape the 
most striking ones aie the mans gieatei 
stature and breadth of shoulders and the 
womans widei hips These dimorphisms are 
produced chiefly by the changes and timing 
of puberty Boys and girls are almost the 
same height before puberty, but boys have 
a greatei adolescent height spuit Further- 
more, they have two more years of pre-adoles- 
cent growth than girls, thus when their spurt 



Years from peak height velocity 

Fig 19, Intervals between different events of 
puberty m a series of 29 girls Girls are aligned 
by peak height velocity ( From Marshall and Tan- 
ner, unpub ) 
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(b) 



(c) (d) 


Fig 20 Distance ( a and b) and velocity ( c and d) curves of shoulder width and hip breadth in 
boys and girls at puberty, plotted against peak height velocity “age ” Mixed longitudinal data of Har- 
penden Growth Study 


starts they are on average about 10 cm taller 
than were the girls when their spurt began 
This difference m tempo of growth, as Boas 
called it, is also to a large extent responsible 
for mens' legs bemg longer than womens 5 
relative to their body length During the im- 
mediately pre-adolescent years the legs are 
growing relatively faster than the trunk, and 
boys spend longer in this phase of growth 


The manner in which the shoulder/hip 
distinction arises is illustrated m Fig 20, 
Girls have a particularly large adolescent 
spurt m hip width, a spurt which is qualita- 
tively as gieat as that of the boys' despite 
the gills' spurt being m most other dimen- 
sions a good deal less The shoulder width 
spurt, on the other hand, is particularly 
marked m boys These differences m growth 
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occur because cartilage cells in the hip joint 
area of the pelvis are specialized to multiply 
m response to estrogens, and cartilage cells 
in the shouldei legion are specialized to 
respond to andiogens such as testosterone 
Such specializations can be lost as well as 
gained during the couise of evolution In most 
apes and monkeys the male has a large canine 
tooth, suitable for fighting This normally 
develops at puberty, but it can be induced to 
grow before then by administration of testos- 
terone In man the canine, though slightly 
bigger in the male, has apparently lost most 
of its ability to respond to androgens 

The shoulder-hip width dimorphism has 
long been used as a measure of bodily an- 
drogyny, that is, of the degree to which a 
male resembles a female and vice veisa A 
discriminant function using just these two 
measuiements nusclassifies about 10% of 
young adults It has the form 3 Biacromial 
diam — 1 Bi-ihac diam and this may be used 
as an androgyny score which is less biased 
by sheer body size than the simple ratio of 
shoulder to hip widths. The trunk-leg dif- 
ference can be taken into account also, lead- 
ing to only 6% misclassification, by using 
the score 3 Biacromial diam — 1 Bi-iliac diam 
+ 0 5 Subischial length (subischial length is 
stature less sitting height) (Tanner, 1951, 
1962) These scores can be used m children 
as well as adults, but without any guarantee 
that the weights are appropriate for best 
separating pubescent boys and pubescent 
girls Before puberty little discrimination is 
possible, separation increases as puberty pro- 
gresses 

It is impoitant to remember that sex dimor- 
phisms do not only arise at puberty Many 
dimorphisms appear much earlier Some, like 
the external genital difference itself, develop 
during fetal life Others develop continuously 
throughout the whole growth period by a 
sustained differential growth rate rather than 
a diffeiential growth rate operating only at 
a particular time such as puberty An ex- 
ample of this is the greater relative length 
and breadth of the forearm m the male when 
compared with whole arm length or whole 
body length (see Tanner, 1962, Hiemaux, 
1968 for further discussion), A major dimor- 
phism, and one which leads to others, is the 
difference in rate of maturing, discussed in 
the next section 


Part of the sex difference m pelvis shape 
antedates puberty Girls at birth alieady have 
a wider pelvic outlet, that is, a widei opening 
at the bottom of the bony pelvis, which 
constitutes the narrowest part of the canal 
through which a baby has to pass when it 
is born Thus the adaptation for child-bearing 
is present from a very eaily age The changes 
at puberty are concerned moie with widening 
the pelvic inlet and broadening the much 
moie noticeable hips It seems likely that 
these changes are more important m attract- 
ing the males' attention than m dealing with 
its ultimate product 

For these sex-diffeientiated morphological 
characters aiismg at puberty — to which we 
can add the corresponding physiological and 
pei haps psychological ones as well — are 
secondary sex characters m the straightfor- 
ward sense that they aie caused by sex 
hormone or sex-differential hormone secretion 
and serve repioductive activity directly Some 
serve more directly than others, naturally 
The penis is directly conceined m copulation, 
the mammary gland in lactation The wide 
shoulders and muscular power of the male 
may peihaps also have been developed for 
use m copulation, or more probably, together 
with the canine teeth and brow ridges m 
mans* ancestors, they developed for driving 
away other males and insuring peace from 
other animals, an adaptation which soon be- 
comes social The dimorphism is originally 
maintained by sexual selection, since the 
fighting involves males of the same species 
When this type of sexual selection becomes 
less important, as m man, genetical theory 
leads us to suppose that these traits are grad- 
ually eliminated 

But a number of tiaits persist, perhaps 
thiough another mechanism known to the 
ethologists as ritualization. In the course 
of evolution a morphological character or a 
piece of behavior may lose its original func- 
tion and, becoming further elaborated, com- 
plicated, or simplified, may serve as a sign 
stimulus to other members of the same spe- 
cies, releasing behavior that is m some way 
advantageous to the spread or survival of the 
species It requires little insight into human 
erotics to suppose that the shoulders, the 
hips and buttocks, and the breasts (at least 
m a number of widespread cultures) serve 
as releasers of mating behavior The pubic 
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hair (about whose function the medical text- 
books have always preserved a cautious 
silence) probably survives as a ritualized 
stimulus for sexual activity, developed by 
simplification from the hair remaining in the 
inguinal and axillary regions for the infant 
to cling to when still transported, as in pres- 
ent apes and monkeys, under the mothers’ 
body. Similar considerations may apply to 
axillary hair, which is associated with special 
apocrine glands which themselves only de- 
velop at puberty and are related histologically 
to scent glands in other mammals. The beard, 
on the other hand, may still be more frighten- 
ing to other males than enticing to females. 


At least ritual use in past communities sug- 
gests this is the case; but perhaps there are 
two sorts of beards. 

IY. DEVELOPMENTAL AGE: EARLY 
AND LATE MATURERS 

Children vary greatly in the rate at which 
they develop, in their tempo of growth. The 
effects are most dramatically seen at adoles- 
cence. In Fig. 21 are three boys all aged 
exactly 14.75 years and three girls all aged 
exactly 12.75. All are entirely normal and 
healthy. At ages 13, 14, and 15 in boys and 
11, 12, 13 in girls there is an enormous range 



Fig. 21. Differing degrees of pubertal development at the same chronological age. Upper row three 
boys all aged 14.75 years. Lower row three girls all aged 12.75 years. (From Tanner, 1969.) 
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of development, running all the way from 
complete maturity to absolute pre-adolescence 
The boy on the left m the figure is small, 
with childish muscles and no development of 
repioductive organs or pubic han, the boy 
on the right is practically a grown man, with 
broad shoulders, strong muscles, adult geni- 
talia, and a bass voice, he could easily be 
mistaken for a 17- or 18-year-old 

Manifestly it is ridiculous to consider all 
these three boys as equally grown up either 
physically, or, since much behavior at this 
age is conditioned by physical status, m their 
social relations The statement that a boy 
is 14 is m most contexts hopelessly vague, 
all depends, morphologically, physiologically, 
and to a considerable extent sociologically too, 
on whether he is pi e-adolescent, midadoles- 
cent or postadolescent 

Evidently some designation of physical 
maturity, apart from chronological age, is 
needed, and in this instance the obvious one 
would be the degree of development of the 
reproductive system But the same individual 
differences in tempo of growth occur at all 
ages, even if not so obviously as at adoles- 
cence Thus we need a measure of develop- 
mental age oi physiological maturity applica- 
ble throughout the whole period of giowth 
There are numerous possible measuies that 
meet this cutenon m whole or in part, lang- 
mg fiom the number of erupted teeth to the 
percentage of watei m muscle cells The 
various developmental “age” scales do not 
necessarily coincide, and each has its particu- 
lar use By far the most generally useful, 
howevei, is skeletal maturity or hone age 
Others of potentially general concern are 
dental maturity and shape age 

Skeletal Maturity 

Skeletal maturity is a measure of how fai 
the bones of an area have progressed toward 
maturity, not m size, but m shape and m 
their relative positions one to another, as seen 
in a radiograph Each bone begins as a pn- 
mary center of ossification, passes through 
various stages of enlargement and shaping of 
the ossified area, acquires in some cases one 
or more epiphyses, that is, other centers 
where ossification begins independently of the 
main center, and finally leaches adult form 
when these epiphyses fuse with the mam 
body of the bone All these changes can be 


easily seen m a ladiograph, which distin- 
guishes the ossified area, whose calcium con- 
tent rendeis it opaque to the X-iays, fiom 
the areas of cartilage wheie ossification has 
not yet begun The sequence of changes of 
shape through which each of the bone cen- 
teis and epiphyses pass is the same in all in- 
dividuals Skeletal maturity is judged both 
from the numbei of centers present and the 
stage of development of each 

In principle any or all parts of the skeleton 
could be used to give an assessment of skele- 
tal maturity, but m piactice the hand and 
wiist form the most convenient area and the 
one generally used The hand is an aiea 
wheie a large numbei of bones and epiphyses 
develop, and an X-ray of it is easily made 
without exposing the lemamder of the body 
to measuiable doses of radiation It itself 
requires only a veiy small dose of X-rays 
(Gam, Helmnch, Flaherty, and Silverman, 
1967) This is of the order of 4 millnoent- 
gens, a figure which should be compared with 
the amount received from unavoidable every- 
day background radiation, which is 100 milli- 
loentgens per yeai at sea level using to 300 
millnoentgens at 2000 meteis There is no 
evidence that 4 milliroentgens does any harm 
whatever, indeed it would be surpnsing if it 
did, since it repiesents the dose obtained 
unavoidably by every child who spends a 
week on holiday m the mountains We em- 
phasize this now because the public is justi- 
fiably worried about the medical and geneti- 
cal effects of atomic fallout and about the 
doses of ladiation given m diagnostic ladiol- 
ogy and, to a fai gi eater degree, in radio- 
therapy m hospitals The matter can only be 
put m peispective by thinking m quantitative 
terms, even simple diagnostic procedures m 
hospitals may involve a hundied times the 
dose of a bone-age radiograph, and ladio- 
theiapy piocedures mn up to a million times 
the dose 

For the radiograph the left hand is used, 
placed flat on an X-ray casette with the palm 
down and the tube positioned 30 inches 
above the knuckle of the middle fingei The 
skeletal matunty assessment is made by com- 
paring the given mdiogiaph with a set of 
standaids Theie are two ways m which this 
may be done In the older, “atlas” method, 
the radiogiaph is matched successively with 
the standard Greuhch-Pyle (1959) plates 
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representing ages 5 0, 6 0, and so on The 
age of the standard with which the radio- 
graph most nearly coincides is recorded as 
the skeletal “age,” interpolation between 
standards being made if it is thought to be 
justifiable In the more recently developed 
“maturity points” method (see Acheson, 
1966) a series of standard stages are given 
for each individual bone, independent of age, 
and each bone of the radiograph is assigned 
a score corresponding to the stage it has 
reached The scoies are mathematically 
weighted to produce the best overall estimate 
of total maturity The scoies for the individ- 
ual bones are added, thus the whole hand 
ladiograph scores a total of so many weighted 
maturity points This score is then compared 
with the range of scores of a standaid group 
at the same age and a percentile status is as- 
signed, just as it would be for height A 
skeletal age may also be assigned, this being 
simply the age at which the given scoie lies 
at the fiftieth peicentile This method is 
somewhat finer m gradation and easier to 
use than the atlas method, although it is 
slightly more time-consuming The standards 
are those of Tanner, Whitehouse, and Healy 
(1962), and it must be remembeied that 
they are based on a large random sample of 
Scottish urban and lural children, who are 
six to nine months less advanced than the 
North American well-off middle-class chil- 
dren on whom the Greulich-Pyle method was 
standardized Thus the two methods do not 
lead to the same result m terms of bone age, 
unless a correction is made 
In the Greulich-Pyle standard boys and 
gills have a different series of plates, since 
the girls are more advanced The Tanner- 
Whitehouse stages for each individual bone 
are common to both sexes, and the sequence 
of appearance and development of one bone 
relative to another m the hand is also closely 
similai Hence m this method only one set 
of standards is used The skeletal maturity 
score at any given chronological age is simply 
highei for girls than for boys This is illus- 
trated m Fig 22, which shows the standard 
percentile chart for boys, with the fiftieth 
percentile line for girls of the same chrono- 
logical age plotted upon it The early- and 
late-maturing boys seen m Fig 21 aie also 
shown It is noteworthy that this measure of 
skeletal maturity has a marked adolescent 


spurt There is evidence that the hormonal 
control of skeletal matuiation is different be- 
fore and dui mg the spurt The matunty score 
can itself be used as a scale of developmental 
age common to boys and girls, against which 
hormone excretions and other functions may 
be plotted (Tanner, 1969) 

Skeletal matunty piovides a true common 
scale of development, which measures such 
as “height age,” sometimes used by paedia- 
tricians, and indeed IQ fails to do This is 
because every healthy individual reaches the 
same skeletal maturity eventually The skele- 
tal score repiesents a “per cent of maturity 
attained”, thus a low score for age can be 
unequivocally taken to signify letaidation in 
the true sense of delay m skeletal matuimg 
Final adult height or final IQ, on the other 
hand, varies from individual to individual 
For this reason height age and mental age 
are more closely i elated to final height and 
final IQ than to advancement/ietardation 
Hence height ages cannot be validly com- 
pared from one individual to anothei as a 
measuie of maturity status 

Standards are available for skeletal de- 
velopment of the pelvis and knee and ankle, 
besides the hand and wrist Indeed, at ages 
under I yeai the knee and ankle provide 
better estimates of matunty than the hand, 
and in work upon infants and newborns the 
stages described by Vincent and Hugon 
(1962) should be used with locally denved 
norms 

Dental Maturity 

Dental maturity can be obtained by count- 
ing the number of teeth erupted and relating 
this to standard figures m much the same way 
as skeletal maturity The deciduous dentition 
erupts fiom about 6 months to 2 years of age 
and can be used during this penod The per- 
manent or second dentition provides a mea- 
sure from about 6 to 13 years From 2 to 6 
and from 13 on little information is obtainable 
fiom the teeth by simple counting, but stages 
of calcification of teeth as seen m jaw radio- 
graphs can be used m just the same way as 
calcification m the bones of the hand and 
wnst 

Shape Age 

As the child grows older his shape changes 
because different parts of the body grow at 
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Fig 22, T anner-Whitehouse skeletal maturity standards for boys Heavy dashed line shows the 
fiftieth percentile for girls The dots show skeletal maturity scores from 13 x /z onwards of the early- 
and late-maturing boys represented in Fig 21 at age 14 75 The larger dots represent the age illus- 
trated in Fig 21 


different rates The legs and arms get rela- 
tively longer and the head relatively smaller, 
for example In a culture where birth date is 
unknown a remarkably crude but reputedly 


effective way of judging whether a child is 
old enough to work, attend school, or carry 
out some other task is to see if he can touch 
his left ear with his nght hand, the arm pass- 
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Age (years) 

Fig 23 Relation of skeletal maturity and age 
at menarche Skeletal development ages (Todd 
Standards) for early-, average-, and late-menarche 
groups of girls, from age 7 to maturity Ml, M2, 
M3 represent average age of menarche for each 
group Mixed longitudinal data (From Tanner, 
1962, redrawn from Simmons and Greulich, 
1943 ) 

mg over the top of the head In Europe it 
was formerly (and is sometimes actually) 
proposed that children should begin to at- 
tend school only when a certain “form-change” 
( gestaltwandel ) has occurred and should only 
go on from one type of school to another at 
a second “form-change” (Zeller, 1952) 

In principle the degree of shape change 
achieved could be made a measure, and a 
very convenient one, of developmental ma- 
turity But it would only be useful if a mea- 
sure could be devised which is independent 
of the final shape reached Otherwise it would 
be subject to the same criticism as height age 
To find such a measure is a mathematically 
complex and difficult task, not yet accom- 
plished 

Relations between Different Measures of 
Maturity 

Skeletal matunty is closely related to the 
age at which adolescence occurs, that is, to 
maturity measuied by secondary sex charactei 
development Thus the range of chronological 
age within which menarche may normally fall 
is about 10 to 16J^, but the corresponding 


range of skeletal age is only 12 to 14J4 Evi- 
dently the physiological processes controlling 
progression of skeletal development are m 
most mstances closely linked with those that 
initiate the events of adolescence This is illus- 
trated in Fig 23 Three groups of girls are 
plotted, those with an early, those with a 
middling, and those with a late menarche 
The points Ml, M2, and M3 represent the av- 
erage age of menarche in each group Those 
with an early menarche have an advanced 
skeletal age, those with a late menarche a re- 
tarded skeletal age The linkage, however, is 
not complete, menarche occurs at a slightly 
greater skeletal age in the successive groups, 
not at precisely the same one 

Figure 23 illustrates another important point 
Children tend to be consistently advanced or 
retarded in maturity during their whole growth 
period, or at any rate after about age 3 The 
early-menarche girls are skeletally advanced 
not only at the age at which menarche takes 
place, but at all ages back to 7 The late- 
menarche group is consistently retarded The 
correlation between menarcheal age and skele- 
tal age at menarche itself is about 85, and 
between menarcheal age and skeletal age at 
chronological age 5 or 6 is about 55 The 
correlation becomes less the further back m 
growth one goes The children’s velocity curves 
are steeper then and they cross each other 
more, bringing reassortment of growth status, 
and the same is true of their skeletal maturity 
curves By and large, however, there is a con- 
sistency m acceleration or retardation of skele- 
tal and general bodily matunty 

Dental matunty partly shares in this general 
skeletal and bodily maturation At all ages 
from 6 to 13 children who are advanced 
skeletally have on average more erupted teeth 
than those who are skeletally retarded Like- 
wise those who have an early adolescence on 
average erupt their teeth early, as shown in 
Fig 24 (see also Garn, Lewis and Kerewsky, 
1965a) Girls on average have more erupted 
teeth than boys of the same age 

But this relationship is not a very close one, 
as the figure also implies even with only three 
maturity groups in each sex some crossing of 
the lines takes place Quantitatively it is the 
relative independence of teeth and general 
skeletal development which should be empha- 
sized This is not surprising, in that the teeth 
are part of the head of the organism, and as 



108 J M. TANNER 



Age (years) 


Fig 24 Total number of erupted teeth at each age for early-, medium-, and late-maturing girls and 
boys Maturity groups defined by age at peak height velocity Mixed longitudinal data, reported 
longitudinally (From Tanner, 1962, redrawn from Shuttleworth, 1939 ) 


we have already seen, the head is advanced 
over the rest of the body and for this reason 
its growth curve and growth control differ 
somewhat from the general growth curve 
Evidently there is some geneial factor of 
bodily maturity throughout giowth, creating 
a tendency for a child to be advanced or re- 
tarded as a whole, m his skeletal ossification, 
m the percentage attained of his eventual 
size, in his permanent dentition, doubtless m 
his physiological reactions, and possibly m 
his intelligence test results also But not too 
much should be made of this general factor 
It should be especially noted how very limited 


is the loading, so to speak, of biam growth m 
it There is little justification in the facts of 
physical growth and development foi the con- 
cept of “oi ganismic age” m which almost 
wholly disparate measures of developmental 
maturity aie lumped together 

Set under this general tendency are groups 
of more limited maturities, which vary inde- 
pendently of it and of each other The teeth 
constitute two of these limited areas (pnmaiy 
and secondary dentition being largely inde- 
pendent of each other), the ossification cen- 
ters another, the bram at least one more Some 
of the mechanisms behind these relations can 
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be dimly seen In children who lack adequate 
thyroid gland secretion, for example, tooth 
eruption, skeletal development, and brain or- 
ganization are all retarded, whereas m chil- 
dien with piecocious puberty, whether due to 
a brain disorder or a disease of the adrenal 
gland, there is advancement of skeletal and 
genital maturity without any corresponding 
effect upon the teeth or, as far as we can tell, 
upon the progression of organization of the 
brain 

Sex Differences m Developmental Age 

Girls are on average ahead of boys in skele- 
tal maturity form birth till adulthood, and m 
dental matunty also during the whole of the 
permanent dentition eruption (though not, 
curiously, in primary dentition) It would 
seem therefore that the sex diffeience lies m 
the general maturity factor ( as well as m var- 
ious moie detailed factois) Girls aie usually 
ahead of boys m motor development also and 
in certain forms of aptitude tests 

The skeletal age difference begins during 
fetal life, the male retaidation being due, 
probably indirectly, to the action of genes on 
the Y chromosome Childien with the abnor- 
mal chromosome constitution XXY (Klinefel- 
ter's syndrome) have a skeletal matunty in- 
distinguishable from the normal XY male, and 
children with the chromosome constitution XO 
(Turners syndrome) have skeletal maturities 
approximating to the normal female XX, at 
least until puberty The male retardation may 
be established as early as the diffeientiation 
of testis 01 ovary, or, more probably, it may 
be caused by the secretion by the fetal gonads 
or adienals of sex-specific hormones At birth 
boys are about four weeks behind girls m 
skeletal age, and from then till adulthood 
they remain about 80% of the skeletal age of 
gills of the same chronological age The per- 
centage difference m dental age is not so 
great, boys being about 95% of the dental 
age of girls 

The sex difference is not precisely the same 
foi all bones, nor for all teeth Theie is a sex- 
bone and sex-tooth interaction Thus m girls 
the canines erupt on average 11 months ear- 
liei than m boys, whereas the first molars 
erupt only two months earlier, Similar effects 
are seen m skeletal ossification, particularly 
m knee and elbow (Gam, Rohmann, and Blu- 
menthal, 1966) 


The sex difference in skeletal maturity is 
not confined to man but occurs in chimpan- 
zees, gorillas, and rhesus monkeys, and m rats 
also It may be characteristic of all or most 
mammals Its full biological significance is 
not at present obvious 

Developmental Age and the Prediction 
of Adult Height 

The age at which growth ceases is related 
much more closely to the age at which ado- 
lescence occurs than to chronological age 
After the age of 9 the amount of growth left 
to occur, and hence final adult stature, can 
be predicted better by reference to skeletal 
age than to chronological age This can some- 
times be of practical educational or social im- 
portance For example, girls usually enter the 
Royal Ballet School at 9 oi 10 years old, and 
thereafter they undergo a very ligorous and 
specialized training and are vocationally on- 
ented to becoming dancers But the exigencies 
of the corps de ballet require that the dancers 
shall all be within certain i ather narrow height 
limits If a girl glows up to be too short or too 
tall her career may be ovei We cannot as 
yet conti ol the extent to which children grow 
— and perhaps we should not when we can — 
but we can at least warn on entry those whose 
chances of ending between the required height 
limits are statistically rather small The pre- 
diction of adult height requires knowledge of 
chionological age, bone age, and present 
height We use either the Gieulich-Pyle atlas 
for bone age and then the Bayley-Pmneau 
( 1952) tables, or the Tanner- Whitehouse skel- 
etal maturity and an associated multiple re- 
giession equation The accuiacy is such that 
90% of predictions from age 9 on he within 
± iy 2 inches of true final height This is 
rather bettei than predictions based on height 
of parents 

Physical Maturation, Mental Ability, 
and Emotional Development 

Cleaily the occurrence of tempo diffeiences 
m human growth may have profound impli- 
cations for educational theory and practice 
This would especially be so if advancement 
in physical growth weie linked to any signif- 
icant degree with advancement in intellectual 
ability and m emotional matunty 

There is good evidence that m the Euro- 
pean and North American school systems 
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children, who are physically advanced toward 
maturity, score on average slightly higher in 
most tests of mental abihty than children of 
the same age who are physically less mature 
The difference is not great, but it is consistent 
and it occurs at all ages that have been stud- 
ied, gomg back as far as 6yi years Similarly, 
the intelligence test score of postmenarcheal 
girls is higher than the score of premenarcheal 
girls of the same age (see references in Tan- 
ner, 1962, 1966c) Thus m age-linked exami- 
nations physically fast-matunng children have 
a significantly better chance than slow-matur- 
ing children 

It is also true that physically large children 
score higher than small ones, at all ages from 
6 on In a random sample of all Scottish 11- 
year-old children, comprising 6940 pupils, 
the correlation between height and score m 
the Moray House group test was 25 ± 01, 
allowing for the effect of age difference from 
11 0 to 11 9 (Scottish Council, 1953) An 
approximate conversion of these test scores to 
Terman-Memll IQ leads to an average in- 
crease of 67 points for each centimeter of 
stature, or roughly V/ 2 points per inch A sim- 
ilar correlation was found m London children 
The effects can be very significant for indi- 
vidual children In 1 0-year-old girls there was 
a 9-pomt difference in IQ between those 
whose height was above the seventy-fifth per- 
centile and those whose height was below the 
fifteenth This is two-thirds of the standard 
deviation of the test score 

Children with many sibs are shorter m sta- 
ture and score less m intelligence tests than 
children with few sibs About half of the cor- 
relation above is associated with diffeiences 
in sib number, but about half remains when 
number of sibs is allowed for (Scott, 1962) 

It was usually thought that both the rela- 
tionships between test score and height and 
between test score and early maturing would 
disappear m adulthood If the correlations rep- 
resented only the effects of co-advancement 
both of mental ability and physical growth, 
this might be expected to happen There is in- 
deed no difference in height between early- 
and late-matunng boys when both have fin- 
ished growing But it is now clear that, curi- 
ously, at least part of the height-IQ correlation 
persists m adults (Tanner, 1966c) It is not 
dear in what proportion genetical and envir- 


onmental factors are responsible for this (see 
Section VIII) 

There is little doubt that being an early or 
a late maturer may have repercussions on be- 
havior, and that in some children these reper- 
cussions may be considerable There is little 
enough solid information on the relation be- 
tween emotional and physiological develop- 
ment, but what there is supports the common- 
sense notion that emotional attitudes are clearly 
related to physiological events 

The world of the small boy is one where 
physical prowess brings prestige as well as 
success, where the body is very much an m- 
stiument of the person Boys who are advanced 
m development, not only at puberty but be- 
fore as well, are more likely than others to be 
leaders Indeed this is reinforced by the fact 
that muscular, powerful boys on average ma- 
ture earlier than others and have an early 
adolescent growth-spurt The athletically built 
boy not only tends to dominate his fellows 
before puberty, but by getting an early start 
he is m a good position to continue that dom- 
ination The unathletic, lanky boy, unable, 
perhaps, to hold his own in the pre-adolescent 
rough and tumble, gets still further pushed to 
the wall at adolescence, as he sees others 
shoot up while he remains nearly stationary 
m growth Even boys several years younger 
now suddenly surpass him m size and athletic 
skill, and perhaps, too, in social graces Fig- 
ure 25 shows the height curves of two boys, 
the first an early-maturing, muscular boy, the 
other a late-maturing, lanky one Although 
both boys are of average height at age 11, 
and are together again at average height at 
age 17, the eaily maturer is 4 inches taller 
during the peak of adolescence 

The late developer at adolescence may 
sometimes have doubts about whether he will 
ever develop his body properly and whether 
he will be as well endowed sexually as those 
others he has seen developing around him At 
a deeper level the lack of development may 
act as a trigger to reverberate fears accumu- 
lated deeper in the mmd during the early 
years of life 

It may seem as though early maturers have 
things all their own way But early maturers 
have their difficulties also, and particularly 
the girls in some societies Though some glory 
m their new possessions, others are embar- 
rassed by them The early maturer has a longer 
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Fig 25 Height attained from age 11 to 17 of two boys of Harpenden Growth Study, one (M613) 
with an early and the other (M112) with a later adolescent spurt The plots are made against the 
Tanner- Whitehouse 1965 British Standards ( Redrawn from Tanner, 1961 ) 


period of frustration of sex drive and of drive 
toward independence and the establishment 
of vocational orientation, Studies at the Uni- 
versity of California have given evidence of 
the psychological consequence of early and 
late maturing Late-matunng boys showed 
more attention-getting behavior and were rated 
by their age peers and trained observers as 
more restless, talkative, and bossy They were 
less popular and had lower social status In 
contrast, the outstanding leaders came from 
the early-matunng group Projective tech- 
niques revealed m the late maturers deeper 
feelings of inadequacy, greater anxiety, and 


greater anticipation of rejection by the group 
Follow-up studies m young adulthood showed 
that, at least in the society of the United 
States, the early-matunng boys became more 
sociable and less neurotic (Jones, 1957, Mus- 
sen and Jones, 1957 and 1958) 

Little can be done to diminish the individ- 
ual differences in children’s tempo of growth, 
for they are biologically rooted and not signif- 
icantly reducible by any social steps we may 
take It therefore behooves all teachers, psy- 
chologists, and pediatricians to be fully aware 
of the facts and alert to the individual prob- 
lems they raise 
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V. ENDOCRINOLOGY OF GROWTH 

The endocrine glands, of gieat importance 
m the control of growth and development, 
are one of the chief agents for tianslatmg the 
instructions of the genes into the reality of 
the adult foim, at the pace and with the lesult 
permitted by the available envuonment 

The hormones particularly concerned m 
giowth are thyroxine fiom the thyroid gland, 
cortisol and adrenal andiogens from the 
cortex of the adrenal gland, testosteione from 
the Leydig cells of the testes, estrogens fiom 
the ovary, msulm from the islets of Lan- 
gerhans in the panci eas and growth hor- 
mone from the pituitary gland The pituitary 
m addition produces thyi oid-stimulating hoi- 
mone (TSH), adrenocoiticotiophic hormone 
(ACTH), and at least two gonadotiophic 
hoimones These aie follicle-stimulating hor- 
mone (FSH), which stimulates growth of the 
follicles in the ovaiy or the sperm-producing 
cells m the testis, and luteinizing hormone 
(LH), also called mterstitial-cell-stimulating 
hormone (ICSH) , which stimulates the growth 
and secretion of the corpus luteum m the 
ovary or the Leydig (also called interstitial) 
cells in the testis Another gonadotrophic hor- 
mone, with actions similar to but not identi- 
cal with either FSH or LH, is produced by 
the cells of the chorion, which is the layer of 
the placenta nearest the maternal circulation 
Chorionic gonadotrophin, as it is called, there- 
fore enters primarily the maternal cuculation 
Lactogenic hormone, produced by the pitui- 
tary and necessary for lactation (also called 
prolactin) is very similai to giowth hor- 
mone Some animals have also a pituitary 
mammogenic hormone, essential for develop- 
ment of the mammary glands 

Control of Endocrine Secretions 

Most endocrine glands secrete their hor- 
mones in response to the stimulus of an acti- 
vating hormone from the pituitary gland Thus 
thyroxine is secreted m response to pituitary 
thyroid-stimulating hormone, cortisol in re- 
sponse to adrenocorticotrophic hormone, and 
so on, The pituitary hormones are themselves 
secreted in response to the arrival of releaser 
substances originating m nearby areas of the 
bram, chiefly the median eminence of the hy- 
pothalamus The releaser substances, in turn, 


are secreted 01 switched off in response to 
certain defined stimuli, m some cases a drop 
01 nse in the level of the hoimone m the blood, 
sensed by specialized cells also m the hypo- 
thalamus, near to the cells which synthesize 
and secrete the leleasers Thus a feedback 
circuit is established sensor — releaser — pitui- 
tary hoimone — "peripheral” hormone — sen- 
sor Outside influences can play on the circuit, 
particularly at the junctions penpheial hor- 
mone — sensor, and sensor — releasei Thus 
nervous impulses fiom other parts of the brain 
may altei the threshold of the sensor The 
way pubeity is believed to be initiated pro- 
vides an example Before puberty the sensor 
foi estrogen is set so it responds by discon- 
tinuing the release of FSH when blood estro- 
gen is still at a veiy low level Then im- 
pulses arnve which dimmish the sensitivity 
of the sensor so that now it only lesponds to 
a high level of estrogen In consequence FSH 
is not switched off, blood estrogen rises, and 
development of the bi easts and uteius occurs 
Influences fiom outside the organism affect 
endocrine function as a rule by this tvpe of 
action It is believed, for example, that severe 
psychological stress may cause dwarfism m 
ceitam childien by switching off their secre- 
tion of giowth hormone This may be either 
by affecting the sensoi or by raising the thresh- 
old at which the neural giowth hormone re- 
leaser is secreted 

There may be a numbei of sensors all act- 
ing on one releasei and they may change their 
relative importance at different times of life 
or under diffeient circumstances Thus there 
is piobably one sensoi for giowth hormone 
releasei which responds to a drop m blood 
sugai and another which responds to a rise 
m certain ammo acids, one may be moie im- 
portant in fetal life and another m childhood 
Certainly theie are many sensors of which we 
are still ignorant, and probably there are some 
releasers and even some pituitary hormones 
(eg, the stimulus to adrenal androgen secre- 
tion at puberty) that are still unknown 

Some hormones are released usually or 
sometimes without the full circuit being in- 
volved There is good evidence that a rise in 
the level of blood thyroxine is sensed usually 
directly at the pituitary level, switching off 
the secretion of TSH immediately, rather than 
at the level of the hypothalamus 
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Prenatal Period 

Most of the endocrine glands begin to func- 
tion relatively early in fetal life and are clearly 
of impoitance in the healthy development of 
the fetus However, the immense technical 
difficulty of investigating endocune function 
at this time of life has so far piecluded much 
detailed knowledge of the situation m the 
human For seveial hormones we do not even 
know to what extent the fetus, at various ages, 
has itself to secrete the compound and to what 
extent it can rely on transfer acioss the pla- 
centa of the hormone secreted by the mothei 

We have very little knowledge about the 
matui ation of the hypothalamus-pituitai y feed- 
back system m the fetus Foi one thing, we 
are grossly ignorant of the development of 
the human hypothalamus m terms of histo- 
chemistiy, ultrastructuie, and even conven- 
tional cytology Neurosecietory matenal, pie- 
sumed to be releasing substances, is first seen 
at about 20 weeks postmenstrual age m the 
neive cells neai the capillary loops of the hy- 
pophysial-portal system of blood vessels which 
cany the leleasers fiom brain to pituitary 
Thus it appears that this pait of the system 
starts to function about halfway thiough preg- 
nancy (Raiha and Hjelt, 1957) Vanous hor- 
mones are present m the pituitary gland be- 
fore this, but we cannot take their presense to 
imply they are secreted, only that they are 
synthesized 

Thyroid hormone (thyroxine) is necessary 
for the normal development of the bram It 
begins to be secreted by the fetal pituitary 
aiound the fifteenth to twentieth postmenstrual 
week, probably under the stimulus of TSH 
from the fetal pituitary Maternal TSH does 
not ci oss the placenta, and maternal thyioid 
hormone does so only m insignificantly small 
amounts (French and van Wyke, 1964) Thy- 
roid hormone affects protein synthesis in the 
brain of the fetus and the very young child 
As the bram matures this action diminishes 
In the absence of adequate thyroid hormone, 
the nerve cell bodies and their dendrites and 
axons are all reduced m size, the dendrites 
branch less and the connectivity (see Sec- 
tion VI) is decreased (Eayrs, 1964) These 
changes are irreversible if they persist for 
very long 

The adrenal gland m the human fetus con- 
sists of the inner medulla and the function- 


ally and stiucturally quite different outei coi- 
tex, as in the adult But the coitex m the fetus 
diffeis m appearance, and presumably m func- 
tion, fiom the adult cortex There is a special 
fetal zone of cells, constituting 80% of the 
cortex, lying between the medulla and the 
outer 20% of cells, which resemble the adult 
tissue This "fetal cortex” grows steadily from 
about 12 postmenstrual weeks till birth or a 
little before, when it atrophies rapidly, the 
weight of the two adrenals falling from aiound 
6 gm at birth to around 3 gm a month later 
There is no appieciable sex difference The 
fetal coitex is not mcoiporated into the pei- 
manent cortex, which develops separately, for 
the most part aftei the fetal cortex has dis- 
appeared The fetal coitex is chaiactenstic 
of primates, it seems, though a somewhat 
analogous zone arises about 2 weeks after 
birth m mice It is not yet clear whether 
ACTH fiom the fetal pituitaiy is the factor 
lesponsible foi its giowth m man or whether 
chorionic gonadotrophin is the stimulus (Laur- 
ltzen and Lehmann, 1967) Nor is it clear 
what causes it to secrete whatever it does 
seciete Fetal ACTH secretion is itself piob- 
ably caused by the secretion of corticotro- 
phm-releasmg factor (CRF) by the hypo- 
thalamus (see Jost, 1966) 

In the adult the adrenal cortex secretes 
mamly three groups of hormones 

1 Mmeralocorticoids Aldosterone and to 
a lesser extent 11-deoxy-corticosterone, which 
maintain within acceptable limits the concen- 
tiations of sodium and potassium m the tissue 
fluids, are thus essential to life The secretion 
is not controlled by a pituitary hormone but 
directly by alterations m blood volume and 
composition 

2. Glucocorticoids ( or Corticoids) Cortisol 
and to a lesser extent corticosterone, which 
increase the formation of glucose from protein, 
and have an antiinflammatory or antistress ac- 
tion Their secretion rate is raised in response 
to the stress of infection, extieme exercise, or 
severe emotion The administration of corti- 
sol, or its near relative cortisone, to a person 
whose pituitary is destroyed is essential if 
they are to lead anything approaching a 
normal life The secretion is controlled by a 
feedback running through the hypothalamus 
and involving CRF, a shorter feedback of 
cortisol acting directly on the pituitary to 
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inhibit ACTH secretion may also occur The 
role of cortisol m normal growth is not 
known, at normally encountered levels it 
may have little effect But excess amounts of 
cortisol or cortisol-like substances (cortisone, 
prednisone, etc ) either secreted m response 
to chronic stress, or given by a pediatrician 
for intractable asthma or other disease, have 
a powerful growth-retarding effect This is 
manifested by small size and delayed bone 
age It appears to represent a direct effect 
on cellular metabolism 

3 Androgens Dehydroepiandrosterone 
(DHA), DHA sulphate, 1 l;3-hydroxy andros- 
terone, and, in smaller quantities, androstene- 
dione are secreted by the adrenal In penph- 
eral blood the mam substances found are 
DHA sulphate and androsterone sulphate 
In urine the adrenal androgens are excreted 
as a number of substances collectively known 
as 17-oxosteroids (formerly 17-ketosteroids) 
Their function is apparently to cause some 
of the changes of puberty (discussed later) 
and perhaps to maintain some secondary sex 
characters, including muscle bulk The stimu- 
lus to their production is not clear, ACTH 
does stimulate their secretion a little, but 
not to the extent it stimulates cortisol pro- , 
duction Lack of androgens is not fatal 

Whether the special fetal cortex secretes 
any of these substances is doubtful It may 
perhaps secrete androgens, since blood levels 
of these are high for the first few days after 
birth, and at birth the level m the umbilical 
cord is above that m the mothers blood, 
signifying production by the fetus Corticoids, 
on the other hand, are low for the first three 
days after birth in both blood and urme, with 
maternal levels above umbilical cord ones, 
so these are virtually ruled out as the fetal 
cortex product One theory is that the fetal 
cortex produces DHA, which is metabolized 
into estrogens in the placenta, this being the 
source of the very high levels of estrogen 
found m the pregnant woman The evidence 
for this, in part, is that mothers carrying 
aneneephalic fetuses (who lack most of their 
bram and have usually only small adrenal 
cortices) have low levels of estrogens Apart 
from this, other substances may be produced 
by the fetal cortex, since newborns excrete 
a number of steroid metabolic products not 
seen m children or adults 


This subject has some importance m view 
of work during the last few years on the 
behavioral and endocrine effects of stimulat- 
ing (originally "gentling”) rats in the neo- 
natal period Rats who have been stimulated 
by handling or other means during the first 
few days after birth are said to show less 
"emotional” behavior m an open field test 
when adult than do unstimulated rats They 
are also said to have a higher level of blood 
corticosterone (the chief corticoid m rats) 
during infancy The idea behind this work 
is that a high level of corticosterone early in 
infancy may act to organize some area of 
the bram concerned with later emotional 
reactivity, in the same way as testosterone 
m the rat neonate oiganizes the hypothalamus 
m relation to later sexual activity (discussed 
later) But even in the rat the endocrine 
situation is confused at present, and trans- 
ference of these results to the human has as 
yet no justification, particularly in view of the 
very considerable endocrinological and 
growth differences between the two species 
The rat is born very much eaiher m its prog- 
ress to adulthood than the human, so that 
the fiist five or six days after birth in the 
rat correspond developmentally to somewhere 
m the fourth and fifth mtrauteime months m 
the human It would indeed be of great in- 
terest to know whether diffeiences m stimuli 
reaching the human fetus affected its en- 
donne function m a mannei that might af- 
fect, m turn, its brain development But our 
ignorance about this is at present complete 
Growth hormone is secreted by the pitui- 
tary gland from about the tenth postmenstrual 
week The fetal blood level, as estimated by 
radio-immunoassay, increases to reach a peak 
at about 25 to 30 weeks and appears to be- 
come less agam by the time of birth The 
levels are much higher than those seen in 
children or adults, and this would correspond 
with the very high fetal growth late between 
20 and 34 weeks The chorion secretes a 
growth-hormone-prolactm-like substance also, 
but this circulates only m the maternal blood 
and does not apparently cross to any great 
extent into the fetus (Kaplan and Grumbach, 
1967) 

Gonadal Hormones and Sexual Differentiation 
The action of genes on the Y chromo- 
some causes the previously undifferentiated 
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gonad to become lecogmzably a testis at the 
ninth week of fetal age reckoned postmen- 
strually (01 the seventh week postfeitihza- 
tion) Whethei this is the lesult of hormonal 
action is at piesent unceitain At about the 
eleventh postmenstrual week Leydig cells 
appeal in the testis and increase lapidly in 
number until about the twenty-foui th week, 
after which time their absolute volume re- 
mains constant till birth, though the per- 
centage of the whole testis they occupy de- 
clines consideiably The Leydig cells seciete 
testosterone or a closely related substance, 
and this causes the pieviously undiffeienti- 
ated external genitalia piogressively to form 
a penis and sciotum, beginning at the twelfth 
postmenstiual week (Jnasek, 1967, Niemi, 
Ikonen, and Hervonen, 1967) Veiy piobably 
the initial giowth and secretion of the Leydig 
cells is caused by the great increase m se- 
cretion of chorionic gonadotiophm early m 
piegnaney The excretion of this substance 
m the mothers urine leaches its peak about 
the tenth to twelfth postmenstrual week 
(where its presence is used as the basis for 
pregnancy tests) Choi ionic gonadotiophm 
diops to fairly low levels by 18 weeks and 
it is therefoie conjectured that LH from the 
fetal pituitary may be responsible for sus- 
taining the Leydig cells fiom this age on 
In the female, differentiation of the ovary 
and external genitalia proceeds, it seems, 
more passively In the absence of the Y 
chromosome, nothing happens at the ninth 
week and at about the tenth postmenstrual 
week the gonad turns into an ovary The 
external genitalia become female at aiound 
the fouiteenth week, apparently without 
hormonal intervention 

There is another aspect of this sexual dif- 
ferentiation, so far studied only m animals, 
but of much importance m man m principle 
and pei haps m practice too In the rat the 
Leydig cell secretion acts on the brain as 
well as on the external genitalia In all mam- 
mals investigated endocnnological and to a 
large extent behavioral maleness is depen- 
dent on the structure of the hypothalamus 
If a female pituitary is grafted into an adult 
male whose own pituitary has been removed, 
then, when vascular connections with the 
hypothalamus have been established, the 
pituitary will secrete gonadotrophic hormones 


in a male, not a female cycle The converse 
is also true 

In the rat, diffeientiation of the hypothala- 
mus is caused by testosterone secieted by 
the Leydig cells dui mg the fiist two or three 
days after birth This is a tiue critical oi 
sensitive period Testosterone given a few 
days befoie birth will not cause brain dif- 
feientiation, noi will testosteione given fiom 
five days after birth on to a rat whose testes 
were removed at birth The message has to 
leach the hypothalamus at exactly the light 
time A single injection of female sex hormone 
on the fifth day aftei birth will stop the 
propei male differentiation, and a single in- 
jection of testosteione into a female on the 
fifth day will pioduce the “androgen-steril- 
lzed female,” a lat without female lepioduc- 
tive cycles when it becomes adult It is 
known that some aieas of the biam selectively 
take up testosteione These must include 
areas concerned in sexual behavioi as well 
as m conti ol of gonadotrophin releaser Fe- 
male lats given testosteione neonatally do 
not show any sexual female behavior when 
adult, even though ovanectomized and given 
estrogen-progesterone leplacement therapy so 
that their sex-hormone state is that of a noi- 
mal female If ovanectomized and given 
testosteione, however, they behave as males 
Neonatal administration of estrogen to male 
rats also causes disiuption of adult male 
sexual behavior, even when testosterone re- 
placement is given to the adult, but this is 
not as complete as in the case of the female 
(Han is and Levine, 1965) Thus, just as in 
the case of the external genitalia, the female 
central nervous system diffeientiates passively 
shortly after birth, the male is actively or- 
ganized by the secretion of the testes 

It is aheady clear that the rat is not an 
exception among mammals m this respect 
To what extent and with what timing an 
analogous situation holds m man is not yet 
known Birth m the rat corresponds probably 
to about the twentieth to twenty-fifth week 
postmenstrual age m man, though since man 
seems to develop Leydig cells relatively 
eaiher than other mammals investigated, per- 
haps we should think in teims of about the 
fifteenth to twentieth week This would m 
fact correspond well with fetal testosterone 
secretion Whether this work has significance 
for human sexual behavior patterns is not 
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known, but it would be strange if it failed to 
do so It may be that certain forms of homo- 
sexuality (assuredly not all forms) may be 
caused by a disturbance of intrauterine pro- 
cesses of this sort 

Birth to Adolescence 

Differences between individuals in tempo 
of growth are probably mostly due to small 
differences in rates of secretion of hormones, 
themselves caused, perhaps, by differences m 
the settmg of feedback mechanisms in the 
bram Which hormones are concerned with 
which developmental clocks, we do not know 
The smallness of the postulated hormonal 
differences between children is such that 
we could not estimate them reliably by our 
present chemical techniques The general 
tempo may perhaps be related to diffeiences 
m thyroid hormone secretion Diffeiences in 
adrenal androgen secretion may m whole or 
part cause the differences in skeletal matura- 
tion, but here also the levels with which such 
a hypothesis is concerned are below those 
accessible to our present methods 

The rate of secretion of thyroid hormone 
appears to drop gradually dunng the first 
two years and then remam practically con- 
stant till adolescence So far as rate of growth 
is concerned, the action of the thyroid is 
permissive, not controlling In hypothyroidism 
in childhood growth is delayed, skeletal 
maturity, dental maturity, and growth of 
the brain are all affected 
The mmeralocorticoid secretion of the 
adrenal changes little dunng chidhood, and 
the cortisol secretion rate nses gradually m 
proportion to the increase in body size The 
secretion of androgenic adienal hormones re- 
mains at a very low level until puberty The 
response of the adrenals to ACTH however, 
in terms of secretion of both cortisol ( chiefly) 
and androgens, is much the same m the child 
as in the adult, when differences in body size 
are taken into account 
The Leydig cells disappear almost entnely 
after birth and can hardly be identified again 
until puberty The secretion of testosterone 
ceases or is very low, and the secretion of 
estrogens is also at a very low level 

Growth hormone secretion continues, per- 
haps decreasing slightly from its level aftei 
birth, although this is not certain Growth 
hormone is not secreted continuously, but 


only m response to a number of stimuli such 
as a rapid lowering of blood sugar, a rise m 
certain ammo acids m the blood, physical 
exercise, or emotion Thus special test situa- 
tions have to be created for its estimation, 
and some of these preclude the use of healthy 
subjects Our knowledge is thus fragmentary 

Endocrinology of Adolescence 

At adolescence considerable changes m 
hormone secretion occur The testes and 
ovaries, the adrenal and thyroid glands have 
an adolescent growth spurt m weight The 
antenor pituitary also has a spurt, but more 
in girls than boys Before puberty there is 
little if any sex difference m pituitary weight, 
after, girls have a distinctly larger pituitary, 
with a highei proportion of acidophil cells, 
probably secreting lactogenic hormone 

The first event in the sequence of puberty, 
immediately preceding the morphological 
changes, is an increased secretion of gonado- 
trophic hormones by the pituitary The cells 
which secrete gonadotrophins cannot be seen 
in the pituitary before puberty in childien, 
and bio-assay of glands also indicates that 
human and monkey pituitaries store very little 
follicle-stimulating or luteinizing hormone be- 
fore puberty This is m shaip conti ast to the 
situation m lats, where gonadotrophin con- 
tent reaches its maximum about 20 days after 
birth and subsequently falls until puberty, 
which occurs aiound 40 to 50 days after 
birth (Donovan and van der Weiff ten 
Bosch, 1965) This is an important warning 
that m matters of growth and sexual de- 
velopment we must not be too ready to 
generalize from rodents to man, primates as 
a group differ considerably from othei mam- 
mals m their patterns of growth (see Tanner, 
1962, p 233) 

The rising level of FSH causes the follicles 
of the ovaries and the tubules of the testis 
to develop Piobably the rise m LH causes 
the Leydig cells of the testis to develop and 
to secrete testosterone, which m turn is re- 
sponsible for many of the specifically male 
aspects of adolescence 

In both boys and girls there is a low and 
roughly constant excretion of estrogen from 
about 3 to 7 years, followed by a gradual 
rise m both sexes As adolescence begins in 
girls, usually with the development of the 
breast bud, estrogen excretion rises very 
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sharply and becomes cyclic (for literature 
see Tanner, 1969) The values reached dur- 
ing the cycle continue to increase until sev- 
eral years after menarche In boys there is 
also a rise in estrogen excretion, occurring 
midway through puberty, at stages 3 or 4, 
(out of 5) of genitalia and pubic hair de- 
velopment The levels reached are, naturally, 
much lower than in girls Small amounts of 
estrogen continue to be excreted in adult 
men They probably come chiefly from the 
adrenal cortex and from the metabohsm of 
other steroid hormones 

In boys the secretion of testosteione greatly 
increases at puberty In this instance we al- 
ready know something of the mechanism 
concerned, thanks to Lindner's (1961) work 
on Leydig cell secretion in the bull This 
mechanism has general importance, m that it 
probably characterizes many developmental 
sequences In the spermatic vein of the pre- 
puberal calf there is a considerable amount 
of androstenedione, a precursor of testos- 
terone, but very little testosterone itself 
Androstenedione has only a very weak andro- 
genic action At puberty the ratio of the two 
substances in spermatic vein blood is 
changed, m adult animals testosterone greatly 
predominates The interesting thing is that 
injection of chorionic gonadotrophin (the 
nearest approach available to the natural 
stimulus, LH, at the time of the experiments ) 
does not cause a conversion of androstene- 
dione to testosterone, but merely an increase 
in androstenedione secretion Only after pu- 
berty does gonadotrophin cause an increased 
testosteione secretion Thus at puberty the 
Leydig cell acquires the capacity to convert 
androstenedione to testosterone, and this is 
by an increase m the amount of the enzyme 
J7p-hydroxy steroid dehydrogenase (as has 
been shown m the rat by Inano, Hon, and 
Tamaoki, 1967)* Women evidently lack the 
mechanism for making this change, either 
because it can only happen m the Leydig 
cell, which they do not possess, or because 
the activator of the enzyme is missing, per- 
haps for chromosomal reasons 

Adrenocortical Hormones Two out of the 
three major groups of adrenocortical hor- 
mones circulate in the blood at relatively 
unchanged levels from birth on these are 
cortisol and aldosterone* The excretion of 
cortisol metabolites increases m keeping with 


the mcrease of body size, but it has no 
particular spurt beyond this at adolescence 

The secretion of adrenal androgenic hor- 
mones, on the other hand, increases greatly 
at puberty, in both boys and girls Before 
puberty very little DHA or DHA sulphate 
can be demonstrated m blood or unne The 
androgen metabolites in the urine, that is the 
17-oxosteroids, increase sharply at about the 
time the height spurt begins This occurs m 
both sexes, but m boys the 17-oxosteroids 
reach a level about one and a half times that 
m girls The sex difference is probably en- 
tirely due to the fact that testosterone is also 
partly metabolized to 17-oxosteroids so that 
the boys' levels include both adrenal and 
testicular androgen metabolites It seems 
likely that the adrenal contribution is fairly 
similar in both sexes At least seven distinct 
substances are excreted, however, and it is 
not known whether men and women differ 
m the relative proportion of each that they 
excrete 

The cause of the increase m androgen se- 
cretion is far from clear ACTH cannot be 
responsible, for it always causes a much 
greater increase m corticoid than m androgen 
secretion, yet the corticoids nse only slightly 
at puberty Either some still unknown pitui- 
tary hormone is concerned (“adrenarche 
hormone”) or else something modifies the 
response of the adrenal to ACTH at this time 
(see Tanner, 1962) This adrenal component 
of adolescence is sometimes referred to as 
"adxenarche ” This should really read “an- 
drogen-adrenarche” since only the androgen 
function of the adrenal is concerned 

These adrenal androgens are clearly im- 
portant m bringing about some of the changes 
of puberty, particularly m girls, m whom 
they cause growth of the pubic and axillary 
hair Occasionally children are seen m whom 
pubic and sometimes axillary hair develops 
very early, before the occurrence of other 
signs of sexual maturity The patients are 
mostly girls and a high proportion have brain 
damage Bone maturation is advanced and 
the patients are large The condition is known 
as "premature adrenarche” or "premature 
pubarche” and is associated with levels of 
17-oxosteroid excretion characteristic of late 
adolescents The disordei probably represents 
an isolated release of the hypothetical "adren- 
arche hormone,” 
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The differential growth of hair at pubes, 
axilla, and face seems most easily explicable 
on the basis of locally different thiesholds to 
stimulation, coupled peihaps with a predilec- 
tion of hair at each site foi eithei testicular 
or adrenal hormone On this hypothesis, the 
skm of the pubes has the lowest threshold 
and responds to the small amount of adienal 
androgen secreted by both gills and boys 
early m puberty Axillary hair has a higher 
threshold, develops later and is somewhat 
more lesponsive to testosterone, the beaid 
has a still higher threshold to adienal andro- 
gens and a more pionounced preference foi 
testosterone This is probably an oversim- 
plified view, a sequence of changes m hair 
follicle receptivity may also occur 

The cause of the adolescent growth spuit 
m body size is not yet known The excess 
of the male over the female spurt is prob- 
ably due to testosterone, as is the excess of 
male muscle and bone development The rest 
of the spurt, common to both sexes, must be 
due to an increase m growth hormone secre- 
tion or to the adrenal andiogens or to a com- 
bination of both The part played by giowth 
hormone at adolescence is not yet clear, but it 
should become so in the next few years, now 
that methods for its estimation aie lehable 

Much is still uncertain about the endo- 
crinology of adolescence The synergies of 
hormone action aie exceedingly complicated, 
the technical methods are complex and costly, 
and the absolutely essential longitudinal 
studies on hormonal production have not yet 
been attempted Further details of what is 
known m this field can be found elsewhere 
(Tanner, 1969, Tanner and Gupta, 1968) 

The Initiation of Puberty 

The manner m which puberty is initiated 
has a general importance for the clarification 
of developmental mechanisms Certain chil- 
dren develop all the changes of puberty, up 
to and including spermatogenesis and ovula- 
tion, at a very early age, either as the result 
of a brain lesion or as an isolated develop- 
mental, sometimes genetic, defect The young- 
est mother on record was sudfc^a case, and 
gave birth to a full-term healthy infant by 
Caesarian section at the age of 5 years 8 
months The existence of precocious puberty 
and the results of accidental ingestion by 
small children of male or female sex hormones 


indicate that breasts, uterus and penis will re- 
spond to hormonal stimulation long before 
puberty Evidently an increased end-organ 
sensitivity plays little oi no part in pubertal 
events 

The signal to start the sequence of events 
is given by the brain, not the pituitary Just 
as the biain holds the information on sex, so 
it holds information on maturity The pituitary 
of a newborn lat successfully giafted in place 
of an adult pituitary begins at once to func- 
tion in an adult fashion, and does not have to 
wait till its normal age of matuiation has been 
reached (Harris and Jacobsohn, 1952) It is 
the hypothalamus, not the pituitary, which 
has to mature befoie puberty begins 

Matuiation, howevei, does not come out of 
the blue and at least m rats a little more is 
known about this mechanism In these animals 
small amounts of sex hormones circulate from 
the time of bath, and these appear to inhibit 
the piepubertal hypothalamus from pioducmg 
gonadotiophm release! s At puberty it is sup- 
posed that the hypothalamic cells become less 
sensitive to sex hormones The small amount 
of sex hormones circulating then fails to in- 
hibit the hypothalamus, gonadotiophms are 
released, and the level of sex hormones rises 
until the same feedback circuit is re-established, 
but now at a highei level of gonadotrophins 
and sex hormones The sex hoimones aie now 
high enough to stimulate the growth of sec- 
ondary sex chaiacters and support mating be- 
havior (Donovan and van dei Wei ff ten Bosch, 
1965) 

The idea of a single feedback system op- 
eiatmg at two different levels is very atti active, 
since it links with other developmental no- 
tions, and makes the evolution of the delay 
m primate puberty easier to comprehend So 
far, howevei, it has been shown to be true 
only m rodents, although there are a few bits 
of supporting evidence from human pathology 

The basic change m hypothalamic recep- 
tivity at puberty remains unexplained It may 
be itself a consequence of change in afferent 
input, though from where is not known 

VI GROWTH AND DEVELOPMENT OF 
THE BRAIN 

We know all too little about the growth of 
the brain and the development of its orga- 
nization Anatomical studies of brain structure 
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aie immensely laborious and few workers have 
had the courage, persistence, and technical 
support needed to carry out morphological 
analyses of the biams of children at different 
ages Physiological studies are practically con- 
fined to the electroencephalogram and bio- 
chemical investigations have scaicely begun 
In the last decade, however, interest has greatly 
increased, and mapping of the concentrations 
and activities of chemical substances at vari- 
ous stages of development has begun m ani- 
mals 


Gross Morphological Development 

Fiom eaily fetal life the bram, m terms of 
its gross weight, is nearer to its adult value 
than any othei organ of the body, except per- 
haps the eye In this sense it develops earlier 
than the rest of the body (see Fig 6) At 
bnth it averages about 25% of its adult weight, 
at 6 months nearly 50%, at 2}4 yeais about 
75%, at 5 yeais 90%, and at 10 years 95% 
This contrasts with the weight of the whole 
body, which at birth is about 5% of the young 
adult weight, and at 10 years about 50% 



Fig 26 Percentage of their volume at birth reached at earlier months by parts of the brain and 
spinal cord. Cerebrum includes hemispheres, corpus striatum, and diencephalon ( From Tanner, 1961, 
data from Dunn, 1921 ) 
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Fig 27 Percentage of total brain volume contributed by cerebrum, cerebellum, and nudbrain-pons- 
medulla at ages from 3 postmenstrual lunar months to adulthood Cerebrum includes hemispheres, 
corpus striatum, and diencephalon (From Tanner, 1961, data from Dunn, 1921, White House Con- 
ference, 1933 ) 


The gross anatomical appearance at differ- 
ent stages of fetal development from 10 to 41 
postmenstrual weeks has been well illustrated 
by Larroche (1966), who also gives a com- 
prehensive table of myehmzation during the 
fetal period Different parts of the brain grow 
at different rates and reach their maximum 
velocities at different times Figure 26 illus- 
trates this (compare Fig 34 on growth gra- 
dients in the limbs) The percentages of the 
volume at birth are plotted for the cerebrum 
(including corpus callosum, basal ganglia, 
and diencephalon, with the thalamus and 
hypothalamus), the cerebellum, the mid- 
brain, pons, and medulla, and the spinal 
cord The midbrain and spinal cord are the 
most advanced from three postmenstrual 
months to birth, and the pons and medulla 
come next The cerebium is less advanced, 
although much ahead of the cerebellum Con- 
trary to the often-quoted ‘law” of ceph- 
alocaudad or head-to-tail development, the 
development of the central nervous system 
structures is more usually in a caudocramal 


direction The nucleus of the fifth cranial 
nerve, for example, first matures at its caudal 
end, and its head division develops later 
The percentage of the total biain volume 
contributed by the different parts is illustrated 
m Fig 27 At 3 months postmenstrual age the 
midbrain pons and medulla occupy 8% of the 
total volume, but by birth this has fallen to 
15%, from 1 to 10 years the peicentage 
mcreases slightly again, piesumably due to 
growth of fiber tracts through those aieas 
The ceiebellum grows rapidly from shortly 
before birth to about a year after it, thus its 
adult percentage value is reached late The 
cerebrum first increases in percentage as it 
grows faster than the midbrain-pons-medulla 
and then decreases as the cerebellum comes 
to surpass it m giowth rate Among the dien- 
cephalic structures the hypothalamus, epithal- 
amus, and subthalamus are the first to differ- 
entiate, followed by the thalamus and corpus 
striatum The thalamus and hypothalamus to- 
gether constitute 10% of brain volume at 3 
postmenstrual months and 3% at birth; the 
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corpus striatum also constitutes 10% at 3 
months and falls to about 5% at birth (Jen- 
kins, 1921, Dekaban, 1954) These parts of 
the brain reach their maximum velocity of 
growth at about 2 months, the cerebral hemi- 
spheres at about 3 months, and the cerebellum 
at about 6 months 

Cerebral Cortex Development 

Most of our knowledge about the develop- 
ment of the structure of the cerebral cortex 
is due to the enormously painstaking studies 
of Conel (1939, 1941, 1947, 1951, 1955, 
1959, 1963), who published analyses of a 
small number of children at birth, 1 month, 

3 months, 6 months, 15 months, 2 years, and 

4 years Rabmowicz (1967) has similarly de- 
scribed the 36-week premature Further his- 
tological data for the prenatal period are given 
m Larroche (1966) 

The cerebral cortex is identifiable at about 
8 weeks, thereafter it gradually increases m 
width, at first uniformly, but by about 20 
weeks it is mcreasing to different degiees in 
different parts (Klosovskn, 1963) By about 
26 postmenstrual weeks most of the cortex 
shows the typical structure of six somewhat 
indeterminate layers of nerve-cells, with a 
layer of fibeis on the inside The layers do 
not advance m maturity simultaneously, the 
cells of the fifth layer are the most advanced 
up to birth and for a little time beyond, fol- 
lowed m Older by those of the sixth, third, 
fourth, and second (Rabmowicz, 1967) All 
the nerve cells present m the adult are thought 
to be formed during the first 20 or 30 post- 
menstrual weeks Thereafter, it is said, the 
cells diffeientiate, axons and dendrites grow, 
nucleopiotein appears in the cytoplasm, and 
the axons acquire varying amounts of myelin 
as sheaths, but no new cells are formed This 
view has lately been challenged, although only 
to the extent of supposing that a small number 
of new nerve cells may appear Neuroglia, 
the cells of the supporting tissue, may differ- 
entiate for somewhat longer Neuroglia out- 
number neurones after the early period of 
development, and they eventually constitute 
some 90% of the cells present m the bram 

From these cellular changes a series of 
cntena for maturation of parts of the cortex 
can be developed, m just the same way as the 
criteria foi skeletal maturity are developed 
from a consideration of the appearances of 


the bones Conel uses nme criteria, including 
the “density” of neurones (l e , the number of 
neurones per unit volume of cortex), which 
decreases as axons and dendrites grow m be- 
tween them, size of neurones, which increases, 
condition of Nissl substance and neurofibrils, 
length of axons and dendrites, and degree of 
myelmation 

Two clear gradients of development occur 
during the first two years after birth The first 
concerns the order m which general functional 




Fig 28 Lateral and medial views of brain, to 
show divisions of cerebral cortex, areas of local- 
ization of function, and location of thalamus, 
cerebellum, pons, medulla, and spinal cord (a) 
Lateral view of cortex (b) Medial view of cortex 
and subcortical structures (From Tanner, 1961, 
after various maps, including Penfield and Ras- 
mussen, 1950 ) 
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areas of the biain develop, the second the 
order in which bodily localizations advance 
within the areas The most advanced pait of 
the cortex is the pnmary motoi aiea located 
m the precentral gyms (see Fig 28) Next 
comes the primary sensory aiea m the post- 
central gyrus, then the primary visual area in 
the occipital lobe, then the pnmaiy auditory 
area m the tempoial lobe All the association 
areas lag behind the conespondmg primal y 
ones Giadually the waves of development 
spread out, as it were, from the primary areas 
Thus m the fiontal lobe the parts immediately 
m front of the motor cortex develop next and 
the tip of the lobe develops last The gyn on 
the medial suiface of the hemisphere and in 
the insula are generally last to develop, the 
hippocampal and cingulate gyn lag behind 
most areas of the frontal lobe, and the msula 
develops latei than any part of the fiontal 
lobe examined 

Within the motor aiea the nerve cells con- 
ti oiling movements of the arms and uppei 
trunk develop ahead of those controlling the 
leg The same is true m the sensory aiea This 
corresponds to the gi eater matunty of the arm 
relative to the leg m bodilv development and 
also to the infant's capacity to control his aims 
more than his legs The leg aieas remain the 
least developed up to 2 years and presumably 
somewhat beyond In the association areas we 
would not expect gradients of this sort, since 
little or no localization by bodily areas occuis 
theie Con el, m fact, descnbes development 
outside the pnmary aieas as pzoceeding in a 
fairly uniform sequence within each lobe 

At birth the cortex is very little developed 
and its appearance does not suggest that much, 
if any, cortical function is possible By 1 
month the histological appearance of the pn- 
mary motor area of the upper limb and trunk 
suggests it may be functioning By 3 months 
all the primary areas are relatively mature, 
suggesting that simple vision and hearing are 
functional at a cortical level but not at a level 
involving any interpretive functions depen- 
dent upon the association areas At this age 
the motor area is clearly the most advanced 
part of the cortex, and within it the hand, 
aim, and upper trunk are the most advanced 
parts 

By 6 months most aieas have advanced fur- 
ther and many of the exogenous fibers coming 
to the cortex have become myelinated, al- 


though few association fibers within the cor- 
tex aie yet mature There has been a particu- 
larly rapid development m the part of the 
cortex conti oiling eye movement Between 6 
and 15 months the rate of development is 
greatest in the temporal lobe and m the cin- 
gulate and insula, next greatest m the occipi- 
tal, and least in the parietal and fiontal lobes, 
which have already passed thiough most of 
their course The pnmary motor area is still 
slightly in advance of all the others but within 
it the leg still remains behind the lest The 
child's behavior leflects this, he is beginning 
to conti ol his hands and aims quite well, but 
he conti ols his legs less successfully Many chil- 
dien aie unable to walk at 15 months and few 
do so skillfully The visual association area 
has matured somewhat and is ahead of the 
auditory By 2 years the pnmary sensory area 
has caught up the primary motor, and the as- 
sociation areas have developed fuithei But 
some aieas, most notably the hippocampal 
and cingulate gyn and particularly the msula, 
are still cleaily immature 

Dunng this period from bnth to 4 years 
and piesumably foi some time after, theie is 
a continuous increase in the number and size 
of dendutes in all layers of the cortex, and 
m the number and complexity both of exog- 
enous fibeis from lower in the bram, and m 
association fibeis within and between cortical 
areas The "connectivity” (i e , the probability 
of one cell influencing others through its con- 
nections with them) increases, and this is 
clearly of paramount importance to the exer- 
cise of the more complicated biam functions 
It is clear from the studies on myehnation 
by Yakovlev and Lecours (1967) that the 
bram goes on developing in the same sequen- 
tial fashion at least till adolescence and per- 
haps into adult life Myehnation of nerve fibers 
is only one sign of maturity, and fibers can 
and peihaps sometimes do conduct impulses 
before they are myelinated But the informa- 
tion from myelin studies agrees well with Go- 
ners information on nerve cell appearances 
where the two overlap As a rule the fibers 
carrying impulses to specific cortical areas 
myelinate at the same time as those carrying 
impulses away from these areas to the pe- 
riphery thus maturation occurs m arcs or func- 
tional units as we might expect rather than m 
geographical areas (Anokhin, 1964), 

A number of tracts have not completed their 
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myelmation even three or foui years after 
birth The fibers which link the ceiebellum to 
the ceiebral cortex and which are necessary 
to the fine conti ol of voluntary movement only 
begin to myelinate after birth and do not have 
their full complement of myelin till about age 
4 The leticulai formation, a part of the brain 
especially developed m primates and man and 
concerned with the maintenance of attention 
and consciousness, continues to myelinate at 
least until puberty and perhaps beyond My- 
elmation is similarly prolonged in parts of the 
forebram near the midlme Yakovlev suggests 
this is related to the proti acted development 
of behavioral patterns concerned with meta- 
bolic, visceral, and hormonal activities dui mg 
reproductive life 

Throughout biam giowth from eaily fetal 
life the appearance of function is closely le- 
lated to maturation in structure It is of much 
mterest that fibers of the sound-receiving sys- 
tem (“the acoustic analyzer') begin to myel- 
inate as early as the sixth fetal month, but 
they complete the process very gradually, con- 
tinuing until the fourth yeai In contrast, the 
fibers of the light-ieceivmg system or optic 
analyzei begin to myelinate only just before 
birth but then complete the process very rap- 
idly Yakovlev points out that m fetal life the 
sounds of the functioning of maternal viscera 
are the chief sensory stimuli, apait from anti- 
gravity sensation They are evidently not per- 
ceived at a cortical level, but at a subcoitical 
one the analyzei is working After birth, how- 
ever, visual stimuli rapidly come to predomi- 
nate, for man is primarily avisual animal These 
signals are very soon admitted to the cortex, 
the cortical end of the optic analyzer myeli- 
nates in the first few months after birth The 
cortical end of the acoustic analyzer, on the 
other hand, myelinates slowly, m a tempo 
probably linked with the development of lan- 
guage 

There is clearly no reason to suppose that 
the link between maturation of structure and 
appearance of function suddenly ceases at age 
6 or 10 or 13 On the contrary, there is every 
reason to believe that the higher intellectual 
abilities also appear only when maturation of 
certain structures or cell assemblies, widespread 
m location throughout the cortex, is complete 
Dendrites, even millions of them, occupy little 
space, and very considerable increases in con- 
nectivity could occur within the limits of a total 


weight increase of a few per cent The stages 
of mental functioning descubed by Piaget and 
others have many of the characteristics of de- 
veloping biam oi body stiuctmes and the 
emeigence of one stage aftei another is very 
likely dependent on (le, limited by) pro- 
gressive matuiation and oigamzation of the 
cortex 

Influences on Brain Development 

To what extent environmental stimulation 
can influence biam maturation or organization 
is not clear Cajal, the great pioneer of biain 
histology, believed simply that use of a cell 
caused axons and dendrites to grow or, in 
modem teims, inci eased its connectivity 
Hebb thinks the same, but there is little ex- 
perimental evidence yet to support their view 
Many aspects of brain matuiation seem quite 
unaffected by variations of environmental 
input within the range of what we consider 
normal environments Thus prematurely born 
childien m most lespects develop quite m 
parallel with children of the same postfertil- 
lzation age growing in the uteius (see Sec- 
tion II), at least till the normal time of birth 
Premature babies (excluding those born pre- 
maturely by reason of some severe defect) 
become able to stand and to walk no soonei 
by being exposed to the stimuli of the outside 
environment longer Calculated from birth, 
one senes of prematuies reached these mile- 
stones later than babies born at term, but 
calculated moie conectly from fertilization, 
they leached them at just the same time 
(Douglas, 1956) 

This is not to say by any means that 
matuiation of the brain is unaffected by any 
outside conditions Certain states, such as 
malnutntion oi the presence of toxic sub- 
stances, can certainly affect neural growth, if 
they are extreme Conel remarks that at all 
ages some infants’ brains were more myeli- 
nated than others, and that this was general 
over the whole cortex and not confined to any 
one area He lemaiks also that several of the 
infants with the least myelin for their age 
had a malnourished appeal ance To what ex- 
tent malnutntion can m fact letaid or abolish 
brain maturation in man is still a matter foi 
research It is certainly true that brain 
growth, both in man and experimental ani- 
mals, is less affected than body growth by 
malnutrition at any postnatal period This is 
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largely because the brain completes such a 
relatively higher pioportion of its growth in 
uter o But to say it is less affected is not to 
imply it is not affected at all In lats malnu- 
trition ceitamly causes delay in biain matura- 
tion, as does lack of thyroid hoimone (Eayis 
and Horn, 1955, Eayrs and Lishman, 1955) 

More specific environmental factois may 
also be important at particular times For 
the human, our ignorance in this regaid is 
complete In some animals, however, certain 
neural cells seem clearly to need an environ- 
mental stimulus foi matuiation to occur prop- 
erly The visual system of the kitten provides 
an example (Hubei and Wiesel, 1963, Wies- 
sel and Hubei, 1963) Normally a kitten 
opens its eyes about 8 days aftei birth and 
at this time its visual system appeals to be 
fully functional But if its eyes are stitched 
closed fiom before the usual opening time 
until 3 months, then the cells of the lateial 
geniculate nucleus atrophy, oi at least fail 
to develop normally It seems that the ex- 
perience of light (not form) is necessary to 
put the finishing touches to these cells, or 
to prevent then falling back into an atrophy 
of disuse Once they have expenenced light, 
however, they can thereaftei go on without 
it, at least for a considerable time, foi stitch- 
ing the eyes of adult cats for seveial months 
leaves the cells intact 

Probably each species of animal differs in 
the amount and nature of input from the 
environment required for full development 
of its nervous system The envnonment must 
be lelied upon to pi o vide the right stimulus 
at the light time In this sense animals are 
born into “expected” envnonments — indeed, 
into “required” ones What precisely are the 
requirements foi the human neonate we do 
not know There is no doubt that m the brain 
associations of neive cells, diffuse in location 
but linked in function, aie built up progres- 
sively during the course of growth These 
cell assemblies must be presumed to have a 
high degree of stability, though the group- 
ings of the particular cells constituting them 
may change It seems probable, but at pies- 
ent wholly unproven, that optimal size and 
permanence of an assembly is secured by 
giving it particular stimulation at a particular 
time It seems likely, too, that assemblies built 
early m childhood are under most circum- 
stances more resistant to decay or change 


than later-built ones We have no answer to 
the all-impoitant question of what happens 
to the cell assemblies if we attempt to teach 
something too soon, or, conversely, if we 
delay teaching something too long, so that a 
new neural organization is starved of exer- 
cise 

Motor Development. Wetting and Walking 

The development of the brain is i effected 
no less m motoi behavior than m increasing 
intellectual ability In the early years the 
ability to carry out motor acts is the most 
important guide to the child's mental develop- 
ment 

The sequence of motor development dui- 
mg infancy has been dealt with elsewhere in 
this book Detailed description of the de- 
velopment of late motor skills is beyond the 
scope of this book (see Ministry of Educa-* 
tion, 1952, for aged 5 to 11, see also Clarke 
and Wickens, 1962, Glasgow and Kruse, 
1960) Changes m muscle size and stiength 
at adolescence have been described m Sec- 
tion III There lemain a few points to be 
made 

Sphincter Control In the newborn baby 
micturition is a reflex act, which follows 
handling oi other nonspecific stimuli or the 
taking of a meal Babies may be conditioned 
very early to empty the bladder when placed 
on a pot, but voluntary conti ol only appears 
at 15 to 18 months The fiist stage is when 
the child is awaie of the imminent passage 
of urine and tells the mothei, but too late 
A little latei he tells her in sufficient time 
for the pot to be bi ought It seems that 
sensory development at the cortical level is 
as important as motor control, indeed for 
a much longer period the child may foi get 
to go to the toilet when occupied with a new 
toy or m some absoibmg play 

Most childien are dry by day by 18 
months, but some, although peifectly normal, 
not until 3 yeais At night about 50% of 
children are dry by age 2, and about 75% 
by age 3 By age 5 only 90% aie dry, the 
lemammg 10% wetting the bed occasionally 
or regularly throughout childhood As m 
most motor developments girls on average 
mature earlier than boys, and m a large 
national survey m Britain it was found that 
bed-wettmg after age 5 occurred m 12 1% 
of boys but only 9 7% of gills, a highly 
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significant difference (Pringle, Butler, and 
Davie, 1966) The percentage of children 
who wet during the day after age 3 was the 
same, however, m boys (44%) and girls 
4 3%), suggesting that the girls’ advantage 
occurs under circumstances wheie conscious 
control is not operating 

Walking. The way m which the ability to 
walk develops has been described and illus- 
trated m detail by McGraw (1943) At first 
the child develops inhibitory conti ol ovei 
the reflex neonatal movements of the legs, 
then he makes stamping leg movements when 
supported, then deliberate forward steps 
when supported, then independent steps but 
with the arms widely extended, feet far apart, 
and knees flexed Only when these develop- 
ments are completed does the child walk with 
heel-toe progiession, and still later with the 
arms swinging synchronously with the legs 

In the series of longitudinal studies m 
Brussels, London, Paris, Stockholm, and 
Zunch, cooidmated by the International 
Childien’s Center, the mothers weie asked at 
what age their child first walked a few steps 
without support Since they were interrogated 
when the children were 9 months, 12 months, 
18 months, 2 years, and 3 years, they were 
not called on to remember ovei a period of 
longer than 6 months The age of walking, 
defined in this way, was distributed normally 
when age was expressed m logs, but not 
otherwise (Hmdley et al , 1966) No social 
class differences were found, nor were any 
sex differences, m any of the five samples 
But the means of the samples differed sig- 
nificantly, the Stockholm children walked at 
an average of 12 5 months and the Pans 
children at 13 8 months with the others in- 
termediate The range of normal variation 
of this event is about 10 months to about 19 
months At least this is so for Europeans, 
but East African children and probably Ne- 
gro children in general have considerably ac- 
celerated motor development, m Uganda 
many children were able to walk alone by 
9 months (Geber and Dean, 1964) 

VII THE ORGANIZATION OF THE 
GROWTH PROCESS 

The growth of the child is a very regulai 
and very organized process. The potential 
structure of the adult organism is, for the 


most part, contained m the highly condensed 
codescript of the genes For this reason identi- 
cal twins resemble each othei very closely in 
appearance They are not, however, ab- 
solutely the same Duung the long and com- 
plex piocess which intervenes between the 
primary chemical action of the genes and the 
finished adult form there are many opportuni- 
ties for slight deviations to occur 

When the single egg divides to give identi- 
cal twins, it is unlikely that exactly equal 
amounts of cytoplasm go to each half It is 
therefore unlikely that exactly the same con- 
centration of chemical reactants will be 
formed in the two organisms During subse- 
quent development these differences could 
become progressively multiplied Then, as 
growth continues, the two organisms aie 
affected differently by the environment, for 
their positions in the uterus and their blood 
supplies are nevei quite the same Finally, 
after birth, even under favorable circum- 
stances of upbringing the two children are 
never identical in their total environment, 
for their food habits are never quite the same, 
their illness experiences never precisely simi- 
lar Yet uniovular twins do, m fact, greatly 
resemble each other Their similarity, not 
their difference, requires an explanation 

Regulation of Growth, Canalization and 
Catch-Up 

It is thought that the processes of giowth 
are self-stabilizmg, or, to take anothei 
analogy, “target-seeking ” Children, no less 
than lockets, have their trajectories, governed 
by the control systems of then genetical con- 
stitution and poweied by energy absorbed 
from the natural environment Deflect the 
child from its growth trajectory by acute 
malnutrition oi illness, and a restoring force 
develops so that as soon as the missing food 
is supplied or the illness terminated the child 
catches up toward its original curve When 
it gets there, it slows down again to adjust its 
path onto the old trajectory once more 

It used to be thought that this self-correct- 
ing and goal-seeking capacity was a very 
special property of living things We now 
realize that complex inanimate systems con- 
sisting of many interacting substances fre- 
quently show this capacity, especially if they 
are “open/’ that is, m continuous interaction 
with surrounding systems 
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The property of returning to the original 
growth curve after being pushed off trajec- 
tory has been called canalization or homeo- 
rhesis by Waddmgton (1957) (Homeostasis 
is the maintenance of a static situation and 
homeoihesis the maintenance of a flowing 
or developing one ) 

The growth m height of a healthy, well- 
nourished child was illustrated m Fig 2 
Figuie 29 shows the effect on the growth of 


a young child of two periods m which food 
intake was much reduced for psychological 
reasons The distance curve is shown m Fig 
29 a, the velocity curve in part b When food 
intake is restored to normal there is a penod 
of what is called catch-up growth The veloc- 
ity during each period of catch-up reaches 
moie than twice the average velocity for the 
chronological age In this instance the catch- 
up is probably complete m that the child is 



Fig. 29. Two periods of catch-up growth following episodes of anorexia nervosa m a young child 
For explanation of charts, see text (From Prader, Tanner, and von Hamack, 1963 ) 
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Fig 29 (Cont’d) 

quite normal in length and velocity of length 
by age 5 [The allied term “compensatory 
growth” is normally used to refer to growth 
of organs or parts rather than to the whole 
animal and describes a different phenomenon 
Thus when one kidney is lemoved, the other 
undergoes compensatory growth or hyper- 
trophy, when a limb of an amphibian is re- 
moved, it, or something similar, may grow 
again and this also may be called compensa- 
tory growth (see Goss, 1964) ] 

Figure 30 shows a second instance of 
catch-up, this time following removal of an 
adrenal tumor which had been secreting ex- 
cessive quantities of cortisol (Cushing's syn- 
drome) By age 4 the child was very small, 
but when the tumor was lemoved a remark- 
able catch-up ensued At age 11, however, 
the child had only reached the twentieth 
percentile for height, so perhaps her regula- 
tory forces had been insufficient to make 
good the effects of her long period of growth 
retardation 

The mechanism of canalization is at pres- 
ent very little understood Females are better 
canalized than males, in lespect of most 
characters, in man and all other mammals 
that have been investigated Thus girls slow 
their growth less m response to malnutrition 
or disease than boys (see Tanner, 1962, p 
127) We have no direct evidence on the 
extent of canalization m brain growth or m 
the development of mental abilities However, 


there seems every reason to suppose the 
principle applies heie also, particularly at 
the time when the biam is developing 
rapidly The fact that girls trisomic for 
chromosome 21 have higher IQs than tnsomic 
boys may be an example of bettei female 
canalization of brain development in a situa- 
tion of chemical stress Heterozygotes seem 
also to be better canalized m respect to a 
number of stresses than homozygotes, to 
judge by the evidence from mbred strains 
of animals 

The earlier and the more prolonged the 
stress, the more difficult it is for regulation to 
be fully effective m restoring the prestress 
situation Rats may be malnourished from 
birth till 21 days by being placed m an over- 
numerous litter so that the mothers milk is 
insufficient At weamng (21 days postbirth) 
they are smaller than well-fed rats If after 
weaning they are allowed unlimited access 
to food, they do show a catch-up, but it is 
insufficient to bring them up to the size of 
the well-fed rats, they remain small through- 
out their lives (Widdowson and McCanee, 
1960) If , in contrast, rats are malnourished 
from 21 days to 77 days and then fed with- 
out restriction, a complete catch-up m weight 
occurs by 133 days in females and a very 
nearly complete one m males (Widdowson, 
Mavor, and McCance, 1964) Once again it 
must be remembered that the rat is bom 
very early compared with the human, and 
the human equivalent to the rat suckhng- 
penod starvation is starvation m utero It is 
indeed true that babies bom at 40 weeks 
with an abnormally low birth weight and 
length fail to catch up aftei birth and remain 
small throughout their lives (see Section II) 

The evidence leads us to suppose that it 
is both the duration of the malnutrition and 
the magnitude of the normal rate of growth 
at the time the malnutrition is applied that 
determine whether a full catch-up is possible 
If true, this means that the critical factor is 
the amount of unsatisfied growth potential ac- 
cumulated Presumably this must be a real 
substance or state of the organism, and for 
this and other reasons, I have proposed a 
hypothetical mechanism for growth regulation 
(Tanner, 1963) The mam points of the 
mechanism are illustrated m Figs 31, 32, and 
33, 

The supposition is that m the normally 
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developing central nervous system a sub- 
stance accumulates, or some cells mature, m 
a mannei which traces out the biain’s growth 
curve This is called the “time tally” m Fig 
31, but m reality the tally will not signal 
clock time, of course, but the maturation 
tempo for each individual Suppose further 
that body growth is also represented by some 
substance, called in Fig 31 “inhibitor,” at 
present wholly hypothetical both as to nature 
and piovenance The normal velocity of 
growth may then be thought to be propor- 
tional to the “mismatch” (M m Fig 31) be- 
tween these two signals, m other words, to 


the “gap” in growth advancement between 
CNS and periphery (In reality we should 
postulate a less simple system, wherein nu- 
merous heterochronic systems of this sort are 
opeiatmg, all interacting, but the system 
descnbed is the simplest case of this ) 
Figure 32 then illustrates the situation in 
catch-up, wheie catch-up can be complete 
In this case we presume the CNS time tally 
is unaffected by the malnutrition, since the 
CNS grows eailier and is known, aftei the 
first weeks, to be relatively resistant to en- 
vironmental perturbations The model re- 
produces as it should the mam feature of 



Fig, 30 Girl with Cushings syndrome showing catch-up after removal of adrenal tumor at age 4 
For explanation of charts, see text (From Prader, Tanner, and von Hamack, 1963 ) 
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Fig 30 ( Cont’d ) 


catch-up, that is, the greater-than-normal 
growth velocity, since the mismatch (Mj) at 
refeeding is greater than the mismatch when 
starvation began 

If, however, starvation occurs at a time 
when the bram is still developing, the situa- 
tion illustrated in Fig 33 may result Here 
the time tally itself is affected, though less 
than the general bodily growth On refeed- 
ing a complete catch-up will not occur, since 
the “sizostat” has been reset The model re- 
produces the threshold feature of complete 
catch-up described above, the faster the CN3 


( or, more accurately, the area concerned with 
the time tally) is growing and the longer 
the starvation occurs, the more the sizostat 
gets “bent” and the less complete is the catch- 
up 

This is only a hypothetical model, and it 
may piove to be an enoneous one so far as 
size regulation goes But it is a geneial model 
of the interaction of heteiochiomc piocesses 
and as such has a consideiable importance 
for the understanding of dvsharmonic growth 
processes and for the special case of sensitive 
or critical periods 
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Fig 31 Hypothetical relations underlying sup- 
posed growth-controlling agents (see text) The 
quantity M represents the mismatch signal ( From 
Tanner, 1963 ) 

Heterochrony and Dysharmonic Development 

The multitude of chemical reactions going 
on during differentiation and growth demands 
the greatest precision m linkage Thus for 
normal acuity of vision to occur the growth 
of the lens of the eye has to be harmonized 
closely with the growth m depth of the eye- 



Fig 32 Velocity expected in catch-up growth, 
assuming control system of Fig 31 Catch-up 
velocity is proportional to the mismatch M s 
which is greater than the mismatch when starva- 
tion began and equal to mismatch at an earlier 
age, as represented by M x = (From Tanner 
1963 ) 



Fig 33 Hypothetical explanation of incomplete 
catch-up following prolonged starvation Time 
tally velocity is supposed to be reduced irreversi- 
bly under these conditions (see text) (From 
Tanner, 1963 ) 

ball, so that the point of focus of the light 
rays lies exactly on the retma It is small 
wonder that the success of this coordination 
varies, and most people are just a little far- 
sighted or nearsighted Again, it seems that 
many features of the face and skull are in- 
dividually governed by genes which do not 
much influence the growth of other, nearby, 
features But in general the paits of the face 
fuse to form an acceptable whole In this case 
the final giowth stages are plastic and vari- 
able, and in fitting together, for example, 
upper and lower jaws, forces of mutual regu- 
lation come into play which do not reflect 
the original growth curves of the disciete 
parts (see Kraus, Wise, and Frei, 1959) 
The regulative forces harmonizing the ve- 
locity of growth of one part with that of an- 
other do not always succeed, even m arriv- 
ing within an acceptable area around the 
taiget If the ongmal genetic forces begin 
by being too unbalanced, as m trisomy, nor- 
mal development cannot occur 

Variation in the speed of development of 
different structures and functions (heteio- 
chromsms) underlie many individual differ- 
ences m bodily structure* Examples are the 
longer aims and legs relative to trunk m 
men as opposed to women, or m Negroes as 
opposed to whites It is an open question to 
what extent similar heterochromsms may ex- 
plain differences in personality structure, 
Some psychological abnormalities or cultur- 
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ally excessive deviations from the average 
(analogous with an inconvenient degree of 
nearsightedness) may arise from insufficient 
harmonization of the speeds at which dif- 
feient structures and functions develop This 
could occur either for genetical reasons, the 
child carrying, by chance, a relatively dys- 
harmomc set of genes, or for environmental 
reasons, the development of one area of the 
personality having been speeded up by ex- 
ternal forces, perhaps early m childhood, 
while another was relatively retarded 

This general point of view, derived from 
experimental embryology, clearly has possi- 
bilities for behavioral research, even though 
it would be unwise to press the analogy too 
far Not all human behavior is open to such 
delightfully simple explanations as that of 
Oedipus anser studied by Lorenz (1960) 
Domesticated strains of geese mature earlier 
than wild geese, and m the offspring of a 
wild gander and a domesticated goose dys- 
harmomzation occurs between sexual matura- 
tion and the earlier mothei -following re- 
sponse The mother-following response still 
remains operative when the sexual response 
appears, and the young male bird conse- 
quently insists on copulating with its mother 
Since the wild father s sexual activity anses 
only later m the spring, it is unnecessary that 
he be killed first he remains wholly indif- 
ferent to the drama 

The behavior of children with precocious 
puberty provides an instructive example of 
an extreme, pathological degree of hetero- 
chrony, m which a fully developed endocrine 
system acts upon a less developed brain 
Psychosexual advancement by no means 
keeps pace with endocrine development The 
hormones need a mature brain equipped with 
adolescent experience to work on if adult sex 
behavior is to occur This is not to say that 
the hormones are without effect In one of 
the best-described cases to date (Money and 
Hampson, 1955) the psychosexual develop- 
ment of a boy with simple precocious puberty 
was at a level characteristic of his chronologi- 
cal age, but more energized than normally, 
The boy was 6yi years old, with a skeletal 
age of 15 He had begun to have seminal 
emissions at 5 and to masturbate at 6 He 
experienced numerous dreams involving kiss- 
ing women all over the body, which he would 
relate only to a male interviewer, with the 


air of a ‘roue narrating his escapades in all- 
male company” He had no knowledge of 
copulation, and overt sexual behavior toward 
women had never been a problem Several 
women on the hospital staff, however, said 
they felt uncomfortable under his gaze, which 
carried a considerable message of seduction 

Sensitive or Critical Periods 

The much-discussed critical periods are 
extreme examples of the linking of differen- 
tial growth events previously discussed By 
"critical period” we mean a certain stage of 
limited duration during which a particular 
influence, from another area of the develop- 
ing organism, or from the environment, 
evokes a particular response The response 
may be beneficial, indeed perhaps essential 
to normal development, or it may be patho- 
logical The term "sensitive period” is now 
displacing the term critical period This de- 
scribes the usual situation more accurately, 
since usually these periods consist of a num- 
ber of hours, days, or weeks, during the be- 
ginning and end parts of which the organism 
is slightly sensitive to the specific influence, 
with a penod of maximum sensitivity in the 
middle It is not as a rule an all-or-none 
phenomenon 

Two examples of sensitive periods have al- 
ready been given One concerned the sexual 
differentiation of the hypothalamus in the 
rat, the other the differentiation of the ex- 
ternal genitalia m the male mammal Sen- 
sitive penods have long been part of the 
embryologists, conceptual apparatus A tissue 
is said to show "competence” to a stimulus at 
a defined time, and to lose this competence 
as maturation progresses 

Sensitive periods may be times of particu- 
lar vulnerability of the organism, though 
more m the specific than the general sense 
If male sex hormone is not secreted by the 
testes of the neonatal rat, the hypothalamus 
is forever damaged Thus the neonatal rat is 
especially vulnerable at this time to testicular 
disease or damage But he may not be par- 
ticularly vulnerable to the general stress of 
malnutrition, for malnutrition slows down the 
whole of development, so that the hypothala- 
mus may wait, and the sensitive period, con- 
sidered m clock time, may be lengthened 
If the hypothalamus slows down less than 
the testicular development, after a time given 
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by the difference between the development 
rates of the two systems, the sensitive period 
passes and the developmental disaster has 
occuired We are seeing again an example 
of heterochronism 

The period of vulnerability has particu- 
larly been discussed in relation to bram de- 
velopment Flexner (1952) and others have 
suggested that the period during which the 
brain is growing at its maximum speed and 
acquiring many enzyme systems is a specially 
vulnerable one This is at about 41 to 45 
days postfeitihzation m the guinea pig, and 
m the second week after birth m the earlier- 
born rat However, the degiee to which 
various stresses and deprivations can meversi- 
bly affect brain structuie at this time is not 
yet certainly known 

Sensitive periods in bodily development m 
general seem to be less m evidence during 
postnatal growth, although this may only re- 
flect on oui inability to detect them If they 
continue to occur during the postnatal growth 
of the brain, they may well be of the greatest 
concern for educationists Indeed, it is widelv 
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believed, on educational grounds, that periods 
of sensitivity to various environmental sen- 
sory inputs do indeed exist, whether or not 
these are linked with or caused by underlying 
sensitive periods m bram matuiation m struc- 
ture Certainly there is a formal analogy be- 
tween “leadmess” to read, foi example, and 
competence in bram systems It seems likely 
the connection will be shown to be more 
than formal when research on bram growth 
has advanced 

Growth Maturity Gradients 

One way m which the organization of 
growth shows itself is through the presence 
of maturity gradients One such is illustrated 
m Fig 34 In Fig 34 b the percentage of the 
adult value at each age is plotted for foot 
length, calf length, and thigh length m boys 
At all ages the foot is neaier its adult status 
than the calf, and the calf is nearer than the 
thigh A maturity gradient is said to exist in 
the leg, running from advanced maturity at 
the far end of the limb to retarded maturity 
at the end nearest the trunk The word gra- 
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Fig 34 Maturity gradients in upper and lower limbs Length of segments of limbs plotted as per- 
centage of adult value Note hand is nearer adult value than forearm, and forearm nearer than upper 
arm at all ages, independent of sex difference in maturity, ( From Tanner, 1962, data of Simmons, 1944 ) 
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dient has arisen because of the supposed 
mechanism by which this occurs It is thought 
that m the embryonic limb bud, before any 
differences between the three segments can 
be discerned, there must be differences in the 
concentration of some chemical substance 
Thus a concentration gradient of the chemical 
substance leads eventually to a maturity 
gradient m developing physical structure 

Figure 34a illustrates the same gradient 
m the arm, together with the fact that girls 
are moie advanced toward maturity than 
boys, without this affecting the gradient 
within the limb 

Many other growth maturity gradients are 
known, some covering small aieas only and 
operating foi short periods, others coveung 
whole systems and opeiating throughout the 
whole of growth The head is at all ages in 
advance of the trunk and the trunk m ad- 
vance of the limbs In the hand and foot the 
second digit is the most advanced, and the 
third, fourth, and fifth follow m that order 

Much of the growth of the biain is or- 
ganized by means of such gradients, and 
several have already been described in Sec- 
tion VI 

Stages of Development. General and 
Singular 

In child development there has been much 
argument as to whether development is con- 
tinuous or whethei it occurs in stages Again, 
supposing stages do exist, theie is argument 
as to whether any general ones occur, char- 
acterizing a simultaneous achievement of a 
number of anatomical, physiological, and 
psychological developments 

In physical growth, there is continuity and 
little evidence for discrete stages Even m 
the development of motor skills such as 
crawling and walking development is more 
continuous than sudden It is sometimes said 
that a child walks or does not walk, m a tone 
which implies that one day the child, previ- 
ously unable to walk at all, suddenly finds the 
ability to walk unaided Close observation 
of the development of such an ability, how- 
ever, by no means supports this notion (Mc- 
Graw, 1943), on the contrary, the ability to 
walk develops gradually 

In some creatures, such as insects at meta- 
morphosis, general stages of development do 
occur But m man only at adolescence do we 
have anything approaching a general stage, 


here, it is true, developments m anatomy, 
physiology, and behavior tend to occur syn- 
chronously But even heie the degree of syn- 
chrony is only relative Skeletal age and 
dental age are laigely independent of each 
other, and the spurt m bodily development 
is not matched by any gieat use m intellec- 
tual capacity 

Physical development is best envisaged as 
a series of many successive processes, over- 
lapping one anothei m time and linked loosely 
oi tightly as the case may be Out of the 
complexity of the linkages, under equilibra- 
tory foices, emerges an overall order with 
visible changes m the varying sections fol- 
lowing one anothei with the legulanty of a 
continuously changing mosaic The process is 
one of continuous unfolding and movement, 
with speeds varying from time to time m 
diffeient parts of the mosaic, it is not a senes 
of kaleidoscopic bumps Only in certain re- 
stricted areas do lapid reassortments of the 
pieces occur, as they fall into new and in- 
creasingly precise patterns 

Spirals of Development 

To conclude this general discussion we 
may i evert to an example given earliei At 
adolescence the gieat increase in sex hormone 
secretion is accomplished and controlled, it 
seems, by the use of a previously established 
feedback circuit, now elevated to greater 
levels at all points The evolutionary and 
developmental usefulness of such a mecha- 
nism (compare "ritualization” m behavior) is 
obvious We may call it developmental 
"spiralling ” It is appropriate to call attention 
to its occurrence here, because it has theoieti- 
cal relevance to psychological development 
It seems likely that behavioral patterns also 
develop by reverberation and amplification 
of earlier-Iaid-down behaviors, perhaps with 
the objects changed and the emotions re- 
named The analogy with physical develop- 
ment may be close, its pursuance may lead 
to increased knowledge of what is permanent 
and what changeable among the mechanisms 
of the brain 

VIII INTERACTION OF HEREDITY 
AND ENVIRONMENT IN CONTROLLING 
GROWTH 

Factors affecting the rate of growth must 
be considered separately from factors affect- 
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mg the size, shape, and body composition 
of the child The genetical conti ol of rate 
seems to be independent of the genetical 
control of final size and, to a large extent, 
of shape (to be discussed later) , and environ- 
mentally produced changes m rate do not 
necessarily produce any alteration m final 
physique Size and shape are themselves to 
a large extent affected separately by genetical 
and envnonmental influences 

Rate of growth at any age is the outcome 
of the interaction of genetical and environ- 
mental factois Some of the factors, like 
season of the year, are short-term ones re- 
flecting the immediate environmental condi- 
tions, others, especially but not exclusively 
the genetical ones, aie longer term and act 
by hastening or retarding physiological mat- 
uration from an early age Others, such as 
socioeconomic class or the number of childien 
in the household, reflect a complicated mix- 
ture of hereditary and environmental, physio- 
logical and behavioral influences 

Final size and shape also reflect the con- 
tinuous interaction of hereditary and environ- 
mental forces It is a long way from the 
possession of a certain set of genes to the 
acquisition of a height of 6 feet or the de- 
velopment of the menarche at age 12 5 
Furthermore, as explained in Chapter 7, it is 
a truism in modem genetics that this inter- 
action may be nonadditive This means better- 
ing the nutrition by a fixed amount will not 
m pimciple produce an increase of 10%, say, 
m the height of all persons but only in pei- 
sons of certain “susceptible” genotypes It is 
therefore impossible to specify m geneial the 
relative importance of heredity and environ- 
ment m contributing to the variance of a par- 
ticular trait The nearer optimal the environ- 
ment, the more the genes have a chance to 
show their hand, it is true, but this is a gen- 
eral statement only and undoubtedly many 
subtle and specific interactions occur, as ex- 
plained in the pievious section 
Hereditary factors are, however, clearly of 
immense importance m the control of growth 
The fundamental plan is laid down very early 
An immature limb-bud removed from a fetal 
or newborn mouse and implanted under the 
skm of an adult mouse of the same inbred 
strain will continue to develop until it closely 
resembles an adult bone Furthermore, the 
cartilage scaffolding of the bone, removed at 
a stage preceding actual bone formation, will 


do the same (Felts, 1959) The structure of 
the adult bone, m all its essentials, is implicit 
in the cartilage model of months before The 
later action of the bone's environment, rep- 
resented by the muscles pulling on it and the 
joints connecting it to other bones, seems lim- 
ited to the making of finishing touches 

Genetics of Growth 

The genetical control of late of growth is 
manifested most simply m the inheritance of 
age at menarche Identical twin sisters grow- 
ing up togethei under average West Euro- 
pean economic conditions reach menarche an 
average of 2 months apart (see Tanner, 1962), 
Nonidentical twin sisteis, with the same pro- 
portion of identical genes as ordmary sisters, 
reach menarche on average about 10 months 
apart The sister-sister and mother-daughter 
correlation coefficients for menarcheal age are 
both about 4, which is only slightly below 
the same cm relations for height Thus a high 
proportion of the vai lability of age at me- 
narche m populations living under European 
conditions is due to genetical causes The in- 
heritance is probably transmitted as much by 
the fathei as the mother, and is due not to a 
single gene, but to many genes, each of small 
effect 

This genetical control evidently operates 
throughout the whole process of growth, for 
the conclusions regaidmg age at menarche 
apply also to skeletal maturity at all ages 
Reynolds (1943) calculated the correlations 
foi age of first appeal ance of 38 epiphyseal 
ossification centeis m twins, sibs, and first 
cousins In 6 pairs of identical twins the cor- 
relation was 71, m 22 pans of sibs 28, and 
in 8 pans of cousins 12 Gam and Rohmann 
(1962) were able to report from the unique 
Fels Research Institute data parent-offspring 
coi relations m age of epiphyseal appearances 
m the first five years, they vary fiom 2 to 5 
Some bones weie more subject to hereditary 
influence than others Hewitt (1957) found 
a sib-sib correlation of 45 in a composite 
measuie of bone age m the hand and wnst 
over the whole period birth to age 5 Sibs also 
lesembled each other m the shape of their 
velocity curve of skeletal maturation, that is, 
m whethei they gained much in the first 3 
years and little m the next 2, or vice versa* 

The age of eruption of the teeth is to a 
large extent genetically controlled (Gam, 
Lewis, and Kerewsky, 1965) So also, and 
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(a) 

Fig 35 Growth in height of three sisters (a) 
plotted against years before or after year of peak 
F 2 and F4 when equated for developmental age 



(b) 

Height plotted against chronological age (b) Height 
height velocity Note the coincidence of curves of 
(part b) (From Tanner, 1962, data Ford, 1958 ) 


to an even greater extent, are the sequences 
m which the ossification centers and the teeth 
appear (Gam, 1962, Gam, Lewis, and Pola- 
chek, 1960) The mannei in which this occurs 
implies the existence of genetically controlled 
factors acting locally on one or a few teeth 
only, an example of local growth maturity 
gradients, discussed m the previous section 
(see Tanner, 1960) 

Sex-Imked genes appear to be concerned 
in both time of eruption and final size of the 
teeth (Gain, Lewis, and Kerewsky, 1965a, b) 
The evidence for this is that foi tooth size 
the sister-sistei correlation is 64, biother- 
bi other 38, and sister-brothei 21 (see Chap- 
ter 7 ) The same may perhaps be true of some 
aspects of skeletal development, but it is very 
haid to disentangle in these data the relative 
importance of sex-linkage, sex-contiol, and 
the greatei regulating powei of the female 

Under reasonable environmental conditions 
the genetical control extends down to many of 
the details of velocity and acceleration curves 
of growth This is demonstrated by the lec- 
ords of three sisters given in Fig 35, In Fig 


35a the heights are plotted against chronolog- 
ical age, and m part b they are plotted against 
developmental age as given by years before 
or after peak height velocity at adolescence 
Two of the sisters have curves which are prac- 
tically supenmposable except that they are on 
a different time base, one being almost a year 
in advance of the other These two therefore 
differ radically m one parameter of their 
growth curve, but little m the other parame- 
ters The third sister differs little fiom the 
otheis m velocity when plotted against de- 
velopmental age, but markedly in actual height 
There is considerable evidence that m gen- 
eral genes controlling rate of growth are wholly 
or mostly independent of those controlling the 
final size attained Body shape, however, as 
distinct from size, is somewhat related, under 
noimal cucumstances, to rate of growth Theie 
are diffeiences in physique between those who 
mature early and those who mature late, and 
these differences can be seen both before 
adolescence has started and after it is over 
(during adolescence they are obscured or 
magnified by the early maturers bemg larger 
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and more muscular simply because of the 
spurt itself) Among boys, those with muscu- 
lar physiques (le, high m mesomorphy, 
Sheldon, 1940) matuie on average eaily, 
those with hneai physiques (high in ecto- 
morphy) matuie late Lineai, ectomorphic 
girls also mature late, but early-matunng girls 
include both the muscular and the fat indi- 
viduals ( 01 , moie accuiately, those high m 
endomorphy) 

It would be wrong, however, to leave the 
impiession that the adolescent spurt, whethei 
occurring early oi late, causes any ladical 
change m body build It adds only the finish- 
ing touches to a physique that is lecogmzable 
years befoie Anyone who has looked at serial 
pictuies of childien followed fiom infancy to 
adulthood must be impiessed chiefly by the 
similarity of shape the child shows from one 
age to the next There is little doubt that some- 
one used to looking at childrens photogiaphs 
could predict with accuracy the adult somato- 
type from a picture taken at age 5 or even 
eailier 

Not all genes are active at buth Some are 
not switched on till later and some can express 
themselves only m the physiological suriound- 
ings piovided by the later yeais of giowth 
The effects of the latter are said to be “age- 
limited ” 


This is the piobable explanation of the curve 
descnbed by the coi relations between mea- 
suiements of a child at successive ages and his 
measurements as an adult, which have been 
obtained m long-term longitudinal studies 
The curves foi height aie illustrated m Fig 
36 The cori elation of length at bnth with 
adult height is very low, since birth weight 
i effects utenne conditions and not fetal geno- 
type (see Section II) The child's genes in- 
creasingly make themselves felt and the cor- 
relation uses steeply during the first thiee 
years Aftei this a small, steady use occurs till 
adolescence, at this time the correlation for 
height drops, simply because some childien 
are early and others late developers If skel- 
etal age is used instead of chionological age 
the con elation continues to rise gradually 
The coi relation coefficients between the 
height of the parent and the height of the 
child at successive ages fiom birth describe 
very similar curves The correlation when the 
child is bom is about 25 and it then uses to 
reach a plateau by the time the child is about 
3 The child's lesemblance to his parents m 
size (relative, of course, as well as absolute) 
becomes increasingly maiked as he grows older 
The same types of cuives are seen m the de- 
velopment of lesemblance in IQ Most data 
on height show mother-daughtei correlations 
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Fig 36 Correlations between adult height and heights of same individuals as children Sexes com- 
bined lines (0-5) from 124 individuals of Aberdeen study (Tanner, Healy, Lockhart, MacKenzie, 
and Whitehouse, 1956) with + points from Bayley (1954) Boys' and girls' lines (3-17) from 66 
boys and 70 girls of California Guidance Study (Tuddenham and Snyder, 1954) All data pure long- 
itudinal (From Tanner, 1962.) 
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to be above mother-son conelations at all ages 
up to pubeity (Tanner and Israelsohn, 1963, 
Garn, 1966) The fathei conelations are less 
precisely estimated, since it is much haider 
to pursuade the fathei s to attend for mea- 
surement, and lelymg on their own estimates 
of their height is hazardous In general, how- 
evei, it seems that the fathei -son coi relations 
dunng childhood may be above the father- 
daughter ones 

Little is known about the genetics of the 
magnitude of the adolescent spuit Since there 
is a consideiable degiee of independence be- 
tween the amounts of growth befoie and dui- 
mg adolescence, it seems quite possible that 
newly acting genes may come into play at 
this time 

Race and Ecological Conditions 

There are lacial differences m late and pat- 
tern of growth, leading to the lacial diffei - 
ences seen m adult body build Some of these 
are cleaily genetically conti oiled, whereas 
others depend peihaps on climatic diffei ences 
and ceitamly on nutritional ones (see Tanner, 
1966a, for leview) 

We must suppose that in each of the major 
populations of the world the growth of its 
membeis was gradually adjusted, by means of 
selection, to the environmental conditions m 
which they evolved We should be able to see 
the remnants of this piocess in modem popu- 
lations — the remnants only, because relatively 
recent migiations have much altered the dis- 
tributions of peoples, so that many no longei 
live in the aieas in which they evolved Theie 
is, m fact, a quite close positive relation be- 
tween the lmeaiity of peoples, as judged by 
their adult weight foi height, and the average 
annual temperatuie of where they live (Rob- 
erts, 1953, Schreider, 1957) 

Hiemaux* (1963, 1964) study of the growth 
of two East Afncan groups living m Rwanda is 
especially intei esting The Tutsi are tall, lin- 
ear people, with an average male height and 
weight of 176 cm and 57 kg, the Hutu are 
shorter and stockier, with averages of 167 cm 
and 58 kg The Tutsi could be taller either 
because they go on growing foi a longer pe- 
riod of time, oi because they are longer at 
bnth and grow at a slightly greater rate 
throughout childhood, ending their growth at 
the same time The second possibility is m fact 
what occurs Both Tutsi and Hutu grow slowly 


compared with Europeans, piobably because 
their nutrition is suboptimal, but both have 
menarche at about 16 5 yeais and show the 
revei sal of boys-tallei to guls-tallei at the 
same age of 14 years When the study was 
made (1957-1958) both gioups weie gi owing 
up in the same envnonment, but the Tutsi 
were better nounshed, being the ruling caste 

It is clearly established that Negroes are 
ahead of whites in skeletal ossification at bnth 
This probably reflects an inherited diffei ence 
in hoimone secietion dunng the late fetal pe- 
riod, for Negroes’ peimanent teeth also erupt 
earliei , and the basis of these is laid down in 
utero, though latei than the primal y teeth, 
whose eruption differs less between the laces 
The Negio child maintains his advancement 
(which is pai allele d by advancement m motor 
development) foi about two oi thiee yeais if 
living in good economic cncumstances After 
this the African child comes to equal, or more 
usually to fall behind the Euiopean m matu- 
nty This may be a natuial occiuience, the 
mean velocity curves of the two races having 
diffei ent shapes, just as do the velocity curves 
of males and females in both laces Or it may 
i effect simply the bettei nutrition of the Euro- 
pean 

The extent to which nutntion, climate, alti- 
tude, and other ecological conditions aie the 
causes of the diffei ences between populations 
is not known We must presume that these 
ecological featuies ongmally governed the se- 
lection of giowth-controllmg genes and hence 
led to the emeigence of the differences we see 
now It seems improbable that many of the 
differences in giowth pattern aie directly due 
to the action of climate and altitude on the 
growing individual, except in such instances 
as emphysematous chests m very high altitude 
dwellers A test of this is provided by people 
of one race who glow up in the area mostly 
inhabited by another Europeans reared m 
the Sudan do not giow up with the Nilotic 
physique, nor do Afncans l eared in Liverpool 
grow thick, European-type calves English- 
men who pass then youth m Japan aie not, so 
far as we know, characteristically short-legged 
But there are few actual studies on these lines 
Eveleth (1965) found some differences m 
size and to a lesser extent m body shape 
between American children living m the sub- 
tropical climate of Rio de Taneiro (and con- 
serving their American food habits ) and chil- 
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dren of apparently compaiable social groups 
living m the United States It is very hard to 
be sure of true comparability, however In- 
deed all studies of migrants are presented with 
two great difficulties First, migrant paients 
seem never to be a random sample of the pop- 
ulation they leave, being usually larger and 
more intelligent than the stay-at-homes (even 
if they only migrate from one English county 
to another) , and second, food habits and op- 
portunities are seldom the same in migrants 
and sedentes 

We have to distinguish between ecological 
effects on differential body growth, leading to 
adults with different shapes and body compo- 
sitions, as described above, and ecological ef- 
fects on overall rate of giowth and maturation 
The two may interact but do not necessarily 
do so So far as growth rate is concerned, cli- 
mate, contrary to popular belief, has probably 
little effect The average age of menarche of 
well-off Buganda girls m East Africa is 13 4 
years, that of Burmese and Assamese girls 
hvmg under good nutritional and medical cn- 
cumstances but with a hot weather tempera- 
ture of 112°F is 13 2 yeais (see Tanner, 
1966b) These figures are entuely comparable 
with aveiages for Europe (discussed later) 


Eveleth’s (1966) American children reared 
for several years in Rio de Janeiro erupted 
their permanent teeth a few months earlier 
than their Amencan-hvmg conti ols, but they 
reached menarche at a very similai age (12 6 
years) In gills of the same race and popula- 
tion there is little real evidence that climate 
is responsible for a significant amount of vari- 
ation in menarcheal age Altitude has been 
considered to slow up giowth, but in studies 
to date it has been impossible to separate the 
effects of altitude itself fiom those due to the 
lelative undernutrition which everywhere char- 
acterizes people living m mountainous areas 
(Valsik, Stukovsky, and Bernatova, 1963, 
Wurst, Wassertheurer, and Kimeswengen, 
1961) 

Season of the Year 

In most European and American data a 
well-maiked seasonal effect on velocity of 
growth can be seen Giowth m height is fast- 
est m the spnng and growth in weight fastest 
in the fall This effect is lllustiated by the 
growth curves of a pair of identical twins 
reared together, seen in Fig 37 The average 
velocity of height m the March to May quaiter 
is almost twice that in the Septembei to Oc- 



Fig 37 Growth m height of identical twin girls, showing seasonal effect on rate of growth ( From 
Tanner, 1962 ) 
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Boys 




Fig 38 Effect of malnutrition on growth in height Heights of Stuttgart schoolchildren (7—8 to 
14-15 Volkschule, 15— 16 up Oberschule) from 1911 to 1953 Lines connect points for children of 
same age and express secular trend and effect of war conditions (From Tanner, 1962, data from 
Howe and Schiller, 1952, and personal communication ) 


tober quaiter m most of the older European 
data Children differ surprisingly, however, 
both in the time of year at which they grow 
fastest, and m the degree to which they show 
the seasonal trend at all The diffeiences piob- 
ably reflect individual variation m endocrine 
and hypothalamic reactivity In countries 
where malnutrition is rife seasonal effects can 
occur, of course, for purely nutritional reasons 
(see Billewicz, 1967) 

Nutrition 

Malnutrition delays growth, as is shown 
from the effects of famine associated with 
war In Fig* 38 the heights of children m 
Stuttgait, Germany, are plotted at each year 
of age, from 1911 to 1953 Theie is a uniform 
increase at all ages from 1920 to 1940 (see 
discussion of secular trend following) , but in 
the later years of both world wars the height 
drops as the food intake of the childien be- 
comes restricted, 


Children subjected to an episode of acute 
starvation recovei moie oi less completely by 
virtue of their legulative powers (see Section 
VII), provided the adverse conditions are not 
too severe and do not last too long Chronic 
malnutrition is another affair Most membeis 
of some populations, and some members of all 
populations, grow to be smaller adults than 
they should, because of chronic undernourish- 
ment during all or most of then childhood 
We should distinguish nutritional effects on 
rate of giowth, on final size, and on shape and 
tissue composition Size and rate are much 
more easily affected than shape and tissue 
composition, so that m malnutrition shape 
changes seldom occur before size and late 
changes aie pronounced Differences m gene 
complex between different populations seem 
most frequently to affect shape and tissue 
composition, thus we have some guide as to 
the likelihood of a given population diffeaence 
being due mostly to genetic influences or 
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mostly to starvation and disease The responses 
of the boys and girls to chionic malnutrition, 
as we have already noted, are different, boys 
being moie easily affected 

At one time it was thought that acute or 
chronic malnutrition changed body proportions, 
pioducmg short legs relative to the tiunk The 
notion arose through a supposed analogy with 
effects m cattle It has never been shown to 
be true m man One good piece of evidence 
comes from Gieuhch's (1957) study of Japa- 
nese children reared in California compared 
with those reared in a worse environment m 
Japan The Califoinia-i eared childien were 
biggei at all ages, but the relationship of sit- 
ting height to leg length was practically the 
same throughout gi owth under both conditions 
(as shown by plotting the data on standard 
charts for Bntish children) In geneial the 
proportion of limb to trunk, which varies so 
much fiom one population to another, is 
strongly regulated by genetic programming 
to a degree that oveiall body size certainly is 
not 

Whether chionic malnutrition 01 acute mal- 
nutrition in utero or during the first one 01 
two yeais after birth can affect biam growth 
and development permanently is a question 
of much importance It is by no means vet 
settled 

The endocrine changes in malnutrition have 
recently been much clarified Contrary to what 
was once thought, adrenal cortex secretion 
seems to be unaffected, and the secietion of 
growth hormone is increased, m a mannei 
that agrees with the piedictions of the model 
of growth regulation described above, on the 
presumption that growth-hormone secretion 
is proportional to the mismatch signal 

Disease 

Minor and relatively short illnesses such as 
measles, influenza, antibiotic-treated middle 
ear infection, or even pneumonia cause no 
discernible retardation of growth rate in the 
great majoi lty of well-noui ished childi en ( Tan- 
ner 1962, Meredith and Knott, 1962) In 
children with a less adequate diet they may 
cause some disturbance, though this has not 
been secuiely established Often children with 
continuous colds, eai disease, sore throats, 
and skin infections are on average smaller than 
others, but inquiry reveals that they come 
from economically depressed and socially dis- 


organized homes where proper meals are un- 
known and cleanliness too much trouble The 
small size is moie likely to be due to malnu- 
trition than to the effects of the continued 
minor disease (Millei, Court, Walton, and 
Knox, 1960) 

Major diseases which take the child to a 
hospital for a month oi moie or keep him m 
bed at home for several months may cause a 
considerable slowing down of growth, fol- 
lowed by a catch-up when the disease is 
cured The mechanism of the retaidation prob 
ably varies from one disease to another, m 
some an increased secretion of cortisol may 
be the cause 

Reports on the effects of eiadicatmg chronic 
diseases such as hookworm and malana m 
parasitized populations aie now beginning to 
appear In general the lesults on giowth are 
not spectacular Thus i eduction of the inci- 
dence of malana m a heavily parasitized pop- 
ulation m Tanganyika did not result m any 
significant increase m the weights of children 
dui mg the first 18 months aftei birth (Draper 
and Drapei, 1960, also see Tanner, 1966a, 
foi additional evidence) Disease which re- 
duces the amount of hemoglobin m the blood 
reduces giowth late, as do some diseases of 
the kidneys But much more of the slowing 
of growth m undei developed countries is due 
to malnutrition than to disease, piobably 

Acheson (1966) thinks that even a lela- 
tively mild disease or subnutntion will cause 
the formation of new cartilage to slow down 
while permitting the turning of cartilage into 
bone to continue Such an imbalance would 
result m a i educed final height While this 
probably occurs in seveie disordeis, there is 
little evidence that it occurs m mild diseases 
or temporaiy undernutntion 

Psychological Disturbance 

Really severe psychological stress seems ca- 
pable of retaidmg growth In a famous experi- 
ment, Widdowson (1951) studied (as she 
thought) the effects of increased rations on 
orphanage childien living on the poor diet 
available m Germany m 1948 The design of 
the experiment (see Fig 39) was to give or- 
phanage B a food supplement aftei a six- 
months' conti ol penod and to compare the 
growth of the children there with those in 
orphanage A, which was not to be supple- 
mented As shown in Fig 39, however, the 



PHYSICAL GROWTH 141 




Weeks of study 

’’ig 39 Influence of sister-m-charge S on growth m weight and height of orphanage children Pres- 
ence of S marked by X plots, increased rations by = = Orphanage B diet supplemented at time 

ndicated by vertical bar, but sister simultaneously transferred to B ( ) from A ( ) Note 

nagmtude of growth follows presence or absence of sister, not amount of rations The curves are 

or eight favorites of sister, transferred with her to B from A (From Tanner, 1962, redrawn from 
Viddowson, 1951, ) 
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result was just the reverse of that expected 
Though the children m B actually gained 
more weight and height than the children m 
A dm mg the first six, unsupplemented months, 
they gained less during the second six months, 
despite taking m a measured 20% more cal- 
ories 

The leason appealed to be that at precisely 
the six-month mark a certain house-sistei had 
been ti ansferred fi om A to become head of B 
(see the figure) She ruled the childien with 
a lod of non and frequently chose meal times 
to administer to individual children public and 
often unjustified rebukes, which upset all pies- 
ent An exception was the group of eight 
favorites (squares m Fig 39) whom she 
bi ought with hei fiom orphanage A These 
eight always gained more weight and height 
than the otheis, and on being supplemented 
m B gained still faster “Better” quotes Wid- 
dowson, “a dinner of herbs where love is than 
a stalled ox and hatied therewith ” 

Recently an extreme clinical form of pie- 


sumably the same phenomenon has been de- 
scribed under the name of “deprivation dwarf- 
ism ” Certain very small childien appear to 
have become dwarfed by switching off their 
release or synthesis of growth hormone under 
the stress of wholly bioken-down family lela- 
tionships and much individual psychological 
trauma These children eat and drink com- 
pulsively to an excessive degree (the disorder 
is also known as the “garbage-can synch ome” 
since many of the children take food fiom 
the garbage ) and become fat as well as dwaifed 
They sleep poorly and aie mentally backward 
When simply lemoved fiom their environment 
into a sympathetic orphanage or foster home 
they show a maiked catch-up m growth and 
a leturn to normal levels of secretion of growth 
hormone, without any other treatment (Pow- 
ell, Brasel, and Blizzard, 1967, Powell, Biasel, 
Raiti, and Blizzard, 1967) 

It is important to lealize that both in Wid- 
dowson’s example and m the clinical cases 
the psychological stress vyas seveie There is 
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Fig 40 Relation between height and weight of 11-year-old children and number of children m 
family m different socioeconomic classes m Scotland in 1947 Classes marked 1-3, 4, 5, 6, and 7 
(From Tanner, 1962, data from Scottish Council for Research in Education, 1953 ) 
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Fig 41 Percentage of daughters of skilled manual workers under 5 feet 1 inch tall taking non- 
manual and manual jobs and marrying men in nonmanual, skilled manual, and unskilled manual 
occupations ( From Tanner, 1962, redrawn from Thomson, 1959 ) 


no evidence that the ordinal y ups and downs 
of family and school life have any effect on a 
child's growth 

Socioeconomic Class Number of 
Children in Family 

Children from different socioeconomic lev- 
els differ m average body size at all ages, the 
upper groups being larger (Tanner, 1962, 
Graffar and Corbier, 1966) In most studies 
socioeconomic status has been defined ac- 
cording to father's occupation, though m re- 
cent years it is becoming clear that in many 
countries this does not distinguish people's 
living standards or style of living as well as 
formeily An index reflecting housing condi- 
tions is a necessaiy adjunct, as is some mea- 
sure of the child-centeredness of the family 
budget 

The difference m height between children 
of the professional and managerial classes and 
those of unskilled laborers m Britain is cur- 
rently about 1 inch at 3 years rising to neaily 
2 inches at adolescence (this is approximately 
equivalent to 20 years of secular trend) In 
weight the difference is less, since the lower 
socioeconomic class children have a greater 


weight foi height, due to greater relative 
bieadth of bone and muscles In Fig 40 the 
heights and weights of a random sample of 
all 11-year-old Scottish children aie plotted 
m relation to socioeconomic class and number 
of children m family Classes 1 to 3 here 
represent piofessional peisons, employers and 
salaned staff, class 4 nonmanual wage earners, 
and so on down to class 7, unskilled manual 
workeis The tendency for the better-off chil- 
dien to be larger is visible m families of all 
sizes 

Part of the socioeconomic height difference 
is due to eailier maturation of the well-off, 
though some is due to their being larger as 
adults The diffeience associated with number 
of siblings probably is entirely due to rate of 
growth and disappears when adult size is 
reached (foi full discussion see Tanner, 1966c) 
In most data there is a diffeience of age of 
menarche of around 2 to 4 months between 
girls in the best-off and woi st-off classes m 
European countries, although the latest Bnt- 
lsh data show no difference at all despite a 
persisting height diffeience (Douglas and 
Simpson, 1964) 

The causes of the socioeconomic diffeiential 
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are multiple and complex Differences m nu- 
trition are certainly important, and all the 
habits of regular meals, sleep, exercise, and 
genei al organization that distinguish, from 
this point of view, a good home from a bad 
one The growth differences are more related 
to home conditions than to the economic con- 
ditions of the families, and home conditions 
reflect to a considerable degree the intelli- 
gence and personality of the parents It is 
perhaps therefore not altogether suiprismg 
that more intelligent children are at all ages 
taller than less intelligent children of the same 
occupational background This association 
probably represents a complex mixtuie of en- 
vironmental and genetical effects, the one re- 
inforcing the other There is evidence that the 
height differential between social classes m 
the adult population is kept m existence by a 
system of social mobility which for some rea- 
son produces an average movement of tall 
persons upward and short peisons downward 
(Schieider, 1964, Tanner, 1966c) The most 
striking demonstiation of this is shown m Fig 
41, taken from the woik of Baird and his 
associates m Aberdeen (Scott, Illsley, and 


Thompson, 1956, Thomson, 1959) In 1950- 
1957 they measured the height of some 7500 
women pregnant for the fiist time and showed 
that whatever the occupation of the father, 
the taller women take before marriage a more 
skilled job and the shorter a less skilled job, 
and whatever the job before marriage the 
taller women marry husbands with more skilled 
jobs and the shorter women husbands with 
less skilled jobs 

The differential effect of the number of 
childien m the family is presumably mainly 
nutritional At least in the poorer gioups of 
the population the moie mouths to feed and 
childien to bother about, the less well the 
feeding, and perhaps the general care, is ear- 
ned out Also, in many populations largei 
families chaiacterize the less intelligent sec- 
tion of the community 

Secular Trend 

During the last hundied years there has 
been a stukmg tendency foi children to be- 
come progressively larger at all ages (Tanner, 
1966b) This is known as the “secular tiend ” 
The magnitude of the tiend m Europe and 



Fig 42 Secular trend in growth of height Height of Swedish girls and boys measured in 1883 
(lower curve) and m 1938-1939 Elementary schools 7-14, secondary schools, 10-18 Distance 
curves, cross-sectional (From Tanner, 1962, data from Broman, Dalberg, and Lichtenstein, 1942, 
Tables 11-14,) 
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Fig 43 Secular trend in height of French university students during 1940s Average of all men 
students, mixed longitudinal data, according to year of birth Note greater maximal height in more 
recently bom, and earlier approach to maximum (From Tanner, 1962, redrawn from Aubenque, 1957 ) 


America is such that it dwarfs the differences 
between socioeconomic classes In Fig 42 are 
plotted the heights of Swedish boys and girls 
measured m 1883 and 1938 The difference 
amounts to about 1J4 years of growth At the 
age when growth ceases, as shown by the 18- 
year-old girls in the figure, the secular trend 
is less than m childhood, but it still exists 
The data from Europe and Amenca agree 
well from about 1900, or a litle earliei, to 
the present, children m average economic 
circumstances have increased m height at age 
5 to 7 by about 1 to 2 cm each decade, and 
at 10 to 14 by 2 to 3 cm each decade Pre- 
school data show that the trend starts directly 
after birth and may, indeed, be relatively 
greater from age 2 to 5 than subsequently 
The trend started, at least m Britain, a con- 
siderable time ago, because Roberts, a factory 
physician, writing m 1876 said that “a factory 
child of the piesent day at the age of nine 
years weighs as much as one of 10 yeais did 
in 1833 each age has gained one year m 
forty years ” The trend in Europe is still con- 
tinuing at the time of writing (1967) but there 


is some evidence to show that m the United 
States the best-off sections of the population 
are now growing up at something approach- 
ing the fastest possible speed 

During the same penod there has been an 
upward trend m adult height, but to a con- 
sideiably lower degree One of the difficulties 
is that in earlier times final height was not 
reached till 25 years or later, whereas now it 
is reached at 18 or 19 Figure 43 shows this 
for Fiench students, Those bom m 1925 grew 
veiy considerably from 17 to 18, m contrast 
to those bom m 1933 The diffeience between 
these two groups at age 17 is considerable, 
but at maximal adult height, aged 20, much 
less Data do exist, however, which enable us 
to compare fully grown men at different pe- 
liods They lead to the conclusion that m 
Western Europe men increased m adult height 
little if at all fiom 1760 to 1830, about 0 3 
cm per decade from 1830 to 1880, and about 
0 6 cm per decade from 1880 to 1960 The 
trend is apparently still continuing m Europe 
Most of the trend toward greater size m 
children reflects a more rapid maturation, only 
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Fig 44 Secular trend in age at menarche, 
1830-1960 Sources o£ data and method of plot- 
ting detailed m Tanner, 1962 

a mmoi part reflects a greatei ultimate size 
The tiend toward earliei maturing is best 
shown in the statistics on age at menaiche A 
selection of the best data is lllusti ated m Fig 
44 (the sources are detailed mTannei, 1966b) 
The trend is about 4 months per decade since 


1850 in average sections of Western Euro- 
pean populations Well-off persons show a 
trend of about half this magnitude, having 
never been so retarded m menaiche as the 
woise-off 

The present-day ages of menaiche for vari- 
ous groups aie given in Table 1 These data 
are all selected as being modern and highly 
reliable They were obtained, with few ex- 
ceptions, by the most valid method for col- 
lecting menarche data This is to make a sur- 
vey of a properly-selected population of girls 
aged 10 to 16, simply inquiring their age and 
whether or not they have yet menstiuated 
The lesultmg data, of peicentage menstruat- 
ing at each age, are subjected to pi obit oi 
logit analysis to give the mean age of me- 
naiche (Inqunmg of girls in a school what 
age they were when they fiist menstruated 
leads not only to enois of l ecollection, but to 
an important bias if there remain any girls 
who have not yet menstruated ) The only 
group which nowadays has menaiche as late 
as many Euiopean ruial and pooily off com- 
munities a hundred years ago is the Bundi of 
New Gumea 


Table 1 Age of Menarche m Recent Years (All estimates by probits or logits unless indicated) 

Mean age 



Location 

Year 

and S E 

Author 11 

Norway 

Oslo 

1952 

13 4b 

Kill, 1953 

Sweden 

All 

1951 

13 9 approx 

Romanus, 1952 

Denmark 

Copenhagen 

1950 

13 8 ± 0 3 

Bojlen et al,, 1954 


Copenhagen 

1963 

13 1 ± 0,12 

Andersen, unpubl 

Holland 


1956 

13 7 ± 0 06 

Rusbach et al , 1961 

Switzerland 

Basle 

1956 

13 5 ± 0 10 

Heimendmger, 1964 

England 

London 

1959 

13 1 ± 0 02 

Scott, 1961 


Bnstol 

1956 

13 2 ± 0 02 

Wofinden et al , 1958 

Scotland 

Edinburgh 

1952 

13 4 

Provis et al , 1955 

Hungary 

Budapest 

1959 

12 8 ± 0 08 

Thoma, 1960 


Szeged 

1961 

13,0 

Farkas, 1962, 1964 


All 

1959 

13 2 ± 0 02 

Bottyan et al,, 1963 

Poland 

Warsaw 

1965 

13 0 ± 0 04 

Mihcer and Szczotka, 1966 


Wroclaw 

1961 

12 6 ± 0 06 

Zukowski et al , 1964 

Rumania 

3 towns 

1963 

13 5 ± 0 06 

Cnstescu et al , 1964 


3 village areas 


14 6 ± 0 07 


USSR* 

Moscow 

1965 

13 0 

Vlastowsky, 1966 


Tbilisi 

1962 

13 2 



2 provincial towns 

1960-1962 

13 7 



Ruial area 

1958 

14,3 



Buriat Rep, villages 

1957 

15 0 


Yugoslavia 

Zemun 

1963 

14 3 ± 0 06 

Zivanovic et ah, 1964 

France 

All 

1950 

13 5 ± 0,01 

Aubenque, 1964 

Italy 

Florence 

1960 

12 5 ± 0 11* 

Young et al,, 1963 
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Table I (Continued) 


Location 

Year 

Mean age 
and S E 

Author 0 

USA 

Denver (well-off) 

1955 

12 6 d 

Deming, 1958 


California 

1950 

12 8 ± 0 12^ 

Nicholson et al , 1953 

Cuba 

Negro 

1963 

12 3 ± 0 08 

Laska-Mierzejewska, 1965 


White 


12 4 ± 0 03 



Mulatto 


12 6 ± 0 06 


Chinese 

Hong Kong 

1962 


Lee et al , 1963 


rich 


12 5 ± 0 18 



average 


12 8 ± 0 20 



poor 


13 3 ± 0 19 


Burma and Assam 

town, well-nourished 

1957 

13 2 ± 0 08 

Foil, 1961 

India 

Madras, urban 

1960 

12 8 ± 0 14 

Madhavan, 1965 


Madras, rural 


14 2 ±0.13 



Kerala, urban 


13 2 ± 0 17 



Kerala, rural 


14 4 ± 0 14 


Ceylon 

Colombo 

1950 

12 8 ± 0 07 

Wilson et al , 1950, 1953 


rural 


14 4 ± 0 16 


Nigeria 

Ibo( well off) 

1960 

14 1 ± 0»16 

Tanner et al , 1962 

East Africa 

Buganda 





Kampala (well-off) 

1960 

13 4 ± 0 16 

Burgess et al , 1964 

South Africa 

Bantu 





Transkai Reserve 

1958 


Burrell et al , 1961 


not poor 


15 0 ± 0 03 



poor 


15 4 ± 0 04 


East Afnca 

Rwanda, Tutsi 

1957 

16 5 ± 0 16 

Hiemaux, 1965 


Rwanda, Hutu 


17 1 ± 0 30 


New Guinea 

Bundi (Highlands) 

1964 

18 8 ± 0 33 

Malcolm, 1966, unpubl 


Chimbu (Highlands) 


17 5 ± 0 35 



Megiar (Coast) 


15 6 ± 0 22 



ft References not in bibliography can be found in Tanner ( 1966b ) from which most of this table is taken 
Estimate only 

e The USSR figures were obtained by graphical probits only, 

d Longitudinal data (Demings figure may represent a biased selection of the Denver longitudinal 
sample, and be lower than is representative ) 


There is at present httle sign that the trend 
shown in Fig 43 has stopped It seems likely 
that the biological limit for European popula- 
tions may be represented by an average of 
around 12% years There is, of course, no 
reason a priori to suppose that rapid growing 
up is m itself biologically, psychologically, or 
sociologically either advantageous or disad- 
vantageous 

The causes of the trend (or acceleration of 
growth as it is sometimes called) are prob- 
ably multiple Certainly better nutrition is a 
major one, and perhaps m particular more 
protein and calories m early infancy A less- 
ening of disease may also have contributed 
Some authors have supposed that the increased 
psychosexual stimulation consequent on mod- 


em urban living has contributed, but there 
is no positive evidence for this Girls m smgle- 
sex schools have menarche at exactly the 
same age as girls in coeducational schools, 
but whether this is a fair test of differences 
in psychosexual stimulation is hard to say 
The trend toward increased height in 
adults does not necessanly have the same 
causes Probably better nutrition has con- 
tributed to it also, but there may m addition 
be a genetical explanation If some degree 
of dominance occurs m genes increasing 
stature, then increased outbreeding, produc- 
ing more heterozygotes, would increase the 
height of a population There is increasing 
evidence that such dominance does m fact 
occur As for outbreeding, that has been in- 


148 J M TANNER 


creasing steadily since the invention of the 
bicycle 

ACKNOWLEDGMENTS 

I wish to thank Mi R H Whitehouse, 
Dr S Hammar, Mi H Goldstein, and Mr 


P C R Hughes for making measurements and 
calculations on which a number of the figures 
are based, Dr W A Mai shall for a most 
helpful reading of the manuscript, and the 
Nuffield Foundation and the Medical Re- 
seal ch Council for financial support 


References 

This list consists of liteiatuie cited It is natuially not comprehensive Bib- 
liographies suitable as sources for further reading will be found m the starred 
refeiences 

*Acheson, R M Maturation of the skeleton In F Falknei (Ed ), Human develop- 
ment, Philadelphia, Pa Saunders, 1966 

Anokhin, P K Systemogenesis as a general regulatoi of brain development Prog 
Brain Res , 1964, 9, 54-86 

Aubenque, M Note documentaire sur la statistique des tallies des etudiants au 
cours de ces deimeres annees Biotypologie , 1957, 18, 202-214 
Bayley, N Some increasing parent-child similarities duiing the growth of children 
7 educ Psychol , 1954, 45, 1-21 

Bayley, N , and Pmneau, S R Tables foi predicting adult height from skeletal 
age revised foi use with the Gieulich-Pyle hand standards J Pediat , 1952, 
40, 423-441 (Eaatum collected in J Pediat , 41, 371 ) 

Billewicz, W J A note on body weight measurements and seasonal variation 
Hum Biol, 1967, 39, 241-250 

Broman, B , Dahlberg, G , and Lichtenstein, A Height and weight during giowth 
Actapaediat (Uppsala), 1942, 30, 1-66 

Buchi, E C Andei ungen dei Koperform beim erwachsenen Menschen Erne Un- 
tersuchung nach der Individualmethode Anthrop Forsch , 1950, 1, 1-44 
Butler, L , and Metrakos, J D A study of size inheritance m the house mouse 
I The effect of milk source Canad J Res , Sec D , 1950, 28, 16-34 
Clarke, H H , and Wickens, J S Maturity, stiuctural, stiength and motor ability 
growth curves of boys 9-15 years of age Res Q , Am Ass Hlth phys Educ , 
1962, 33, 26-39 

Conel, J L The postnatal development of the human cerebral cortex Vol I The 
cortex of the newborn Cambudge, Mass Haivard University Press, 1939 
Conel, J L The postnatal development of the human cerebral cortex Vol II The 
cortex of the one-month infant Cambudge, Mass Harvard University Pi ess, 
1941 

Conel, J L The postnatal development of the human ceiebral cortex Vol III 
The cortex of the three-month infant Cambridge, Mass Harvard University 
Press, 1947 

Conel, J L, The postnatal development of the human cerebral cortex Vol IV 
The cortex of the six-month infant Cambridge, Mass Harvard Umveisity 
Press, 1951 

Conel, J L The postnatal development of the human cerebral cortex Vol V The 
cortex of the fifteen-month infant » Cambridge, Mass Harvard University 
Press, 1955 



PHYSICAL GROWTH 149 


Conel, J L The postnatal development of the human cerebral cortex Vol VI 
The cortex of the twenty-four month infant Cambridge, Mass Haivaid Uni- 
versity Press, 1959 

Conel, J L The postnatal development of the human cerebral cortex Vol VII 
The cortex of the four-year child Cambridge, Mass Harvard University 
Press, 1963 

Dargassies, S S-A Neurological maturation of the premature infant of 28 to 41 
weeks gestational age In F Falkner (Ed ), Human development London 
Saunders, 1966 

Dawkins, M J R Changes in glucose-6 phosphatase activity in liver and kidney 
at birth Nature , 1961, 91, 72-73 

Dekaban, A Human thalamus An anatomical, developmental and pathological 
study II Development of the human thalamic nuclei J comp Neurol , 1954, 
100, 63-97 

Demmg, J Application of the Gompertz curve to the observed pattern of growth 
m length of 48 individual boys and girls during the adolescent cycle of growth 
Hum Biol , 1957, 29, 83-122 

Demmg, J , and Washburn, A H Application of the Jenss curve to the obseived 
pattern of growth during the first eight years of life m forty boys and foity 
girls Hum Biol , 1963, 35, 484-506 

Dickinson, A G Some genetic implications of maternal effects — a hypothesis of 
mammalian growth J agnc Set , 1960, 54, 379-390 

* Donovan, B T , and van der Werff ten Bosch, J J Physiology of puberty Lon- 
don Arnold, 1965 

Douglas, J W B The age at which premature children walk Med Off , 1956, 95, 
33-35 

Douglas, J W B , and Simpson, H R Height m i elation to puberty, family size 
and social class Milbank meml Fund Q Bull , 1964, 42, 20-35 

Draper, K C , and Draper, C C Observations on the growth of African infants 
with special leference to the effects of malaria control J trop Med Hyg , 
1960, 63, 167-171 

Dreyfus-Bnsac, C The bioelectrical development of the central nervous system 
during early life In F Falkner (Ed ), Human development London Saun- 
ders, 1966 

Dnlhen, C M The growth and development of the prematurely born infant 
Edinburgh Livingstone, 1964 

Dunn, H L The growth of the central nervous system in the human fetus as ex- 
pressed by graphic analysis and empirical foimulae J comp Neurol , 1921, 
33, 405-491 

Eayrs, J T Effects of thyroid hormones on bram diffeientiation In M P Cameron 
and M O'Connor (Eds ), Bram-thyroid relationships London Churchill, 
1964 

Eayis, J T , and Horn, G The development of cerebral cortex in hypothyroid 
and starved rats Anat Bee , 1955, 121, 53-61 

Eayrs, J T , and Lishman, W A The matuiation of behaviour m hypothyroidism 
and starvation Br } Amm Behav , 1955, 3, 17-24 

Engle, E T , and Rosasco, J The age of the albino mouse at normal sexual ma- 
turity Anat Bee , 1927, 36, 383-388 

Eveleth, P B The effects of climate on growth Ann N Y Acad Set , 1965, 134, 
750-759 

Eveleth, P B Eruption of permanent dentition and menarche of American chil- 
dren living m the tropics Hum Biol , 1966, 38, 60-70 

Falkner, F (Ed ) Child development* an international method of study Ann 
Paediat Supply 1960, 72, 237 pp 



150 J M TANNER 


Felts, W J L Transplantation studies of factors m skeletal organogenesis I 
The subcutaneously implanted immature long-bone of the rat and mouse 
Am J phys Anthrop ,NS, 1959, 17, 201-215 
Flexner, L B The development of the cerebral cortex a cytological, functional 
and biochemical approach Harvey Lect , 1952, 47, 156-179 
Flux, D S Growth of the mammary duct system m intact and ovariectomized 
mice of the CHI stiam J Endocr , 1954, 11, 223-237 
Ford, E H R Growth in height of ten siblings Hum Biol , 1958, 30, 107-119 
French, F S , and Van Wyke, J J Fetal hypothyroidism I Effects of thyroxine 
on neural development II Fetal versus maternal contributions to fetal thy- 
roxine lequirements III Chmcal implications J Pediat , 1964, 64, 589-600 
Garn, S M Changes m areolar size dunng the steroid growth phase Child Dev , 
1952, 23, 55-60 

*Gam, S M The genetics of normal human growth In L Gedda (Ed ), De 
Genetica Medica Roma Istituto Gregorio Mendel, 1962 
Gam, S M Body size and its implications Rev Child Dev Res , 1966, 2, 529-561 
Garn, S M , Helmrich, R H , Flaherty, K M , and Silverman, F N Skin dosages 
in radiation-sparing techniques for the laboratory and field Am J phys 
Anthrop , 1967, 26, 101-106 

Gam, S M , Lewis, A B , and Kerewsky, R S Genetic, nutritional and malnutri- 
tional coi relates of dental development J dent Res , 1965, 44, 228-242 (a) 
Gam, S M , Lewis, A B , and Kerewsky, R S X-lmked inheritance of tooth size 
7 dent Res , 1965, 44, 439-441 (b) 

Gam, S M , Lewis, A B , and Polacheck, D L Sibling similarities in dental de- 
velopment / dent Res , 1960, 39, 170-175 
Garn, S M , and Rohmann, C G Parent-child similanties m hand-wnst ossification 
Am 7 Dis Child , 1962, 103, 603-607 

Gam, S M , Rohmann, C G , and Blumenthal, T Ossification sequence poly- 
morphism and sexual dimorphism m skeletal development Am J phys 
Anthrop , 1966, 24, 101-116 

Gam, S M , Rohmann, C G , Wagner, B , and Ascoli, W Continuing bone growth 
throughout life a general phenomenon Am J phys Anthrop , 1967, 26, 
313-318 

Gavan, J A Growth and development of the chimpanzee, a longitudinal and 
comparative study Hum Biol , 1953, 25, 93-143 
Geber, M , and Dean, R F A Le developpement psychomoteur et somatique des 
]eunes enfants Afncams en Ouganda Courner , 1964, 14, 425 
Glasgow, R B , and Kruse, P Motor performance of girls age 6 to 14 years Res 
Q Am Ass Hlth phys Ed , 1960, 31, 426-433 
Goss, R J Adaptive growth London, Logos, 1964 

Graffar, M , and Corbiei, J Contribution k T6tude de Tinfluence socio-6conomique 
sur la croissance et le developpement de lenfant Courner, 1966, 16, 1-25 
Grether, W F , and Yerkes, R M Weight norms and relations for chimpanzee 
Am 7 phys Anthrop , 1940, 28, 181-197 
Greulich, W W, A comparison of the physical growth and development of Ameri- 
can-born and native Japanese children Am 7 phys Anthrop , 1957, 15, 
489-515 

Greulich, W W , and Pyle, S I Radiographic atlas of skeletal development of 
the hand and wrist (2nd ed ) Stanford, Cal Stanford Univeisity Press 
1959 

Gruenwald, P. Growth of the human foetus In A McLaren (Ed ), Advances in 
Reproductive Physiology Vol II London Logos, 1967 
Harm, G, W , and Jacobsohn, D. Functional grafts of the antenor pituitary gland 
Proc R Soc. R,, 1952, 139, 263-276 



PHYSICAL GROWTH 151 


Harris, G W , and Levine, S Sexual differentiation of the brain and its expen- 
mental control J Physiol , 1965, 181, 379-400 
Hewitt, D Some familial correlations m height, weight and skeletal maturity Ann 
hum Genet , 1957, 22, 26-35 

Hiernaux, J Heredity and environment their influence on human morphology 
A comparison of two independent lines of study Am J phys Anthrop , 1963, 
27, 575-589 

Hiernaux, J Weight/height relationship during growth in Afncans and Euiopeans 
Hum Biol , 1964, 36, 273-293 

Hiernaux, J Shape differentiation of ethnic groups and of sexes through giowth 
Hum Biol , 1968, 40, 44-62 

Hmdley, C B , Filhozat, A M , Klackenberg, G , Nicolet-Meister, D , and Sand, 
E A Differences m age of walking m five European longitudinal samples 
Hum Biol , 1966, 38, 364-379 

Howe, P E , and Schiller, M Growth responses of the school child to changes m 
diet and environmental factors J appl Physiol , 1952, 5, 51-61 
Hubei, D H , and Wiesel, T N Receptive fields of cells m stnate cortex of very 
young, visually inexperienced kittens J Neurophysiol , 1963, 26, 996-1002 
Inano, H , Hon, Y , and Tamaoki, B Effect of age on testiculai enzymes related 
to steroid biocon version In G E W Wolstenholme and M O’Connor (Eds ), 
Endocrinology of the testis London Churchill, 1967 
Israelsohn, W J Description and modes of analysis of human giowth In J M 
Tanner, (Ed), Human Growth Oxford Pergamon, 1960 ( Sym Soc Hum 
Biol, 3,21-41) 

Jenkins, G B Relative weight and volume of the component parts of the bram 
of the human embryo at different stages of development Contr Embry ol, 
1921, 13, 41-60 

Jirasek, J E The relationship between the structure of the testis and differentiation 
of the external genitalia and phenotype m man In G E W Wolstenholme 
and M O’Connor (Eds ), Endocrinology of the testis London Churchill, 
1967 

Jones, H E Motor performance and growth A developmental study of static 
dynamometric strength Berkeley University of California Press, 1949 
Jones, M C The later caieers of boys who were early — or late — m atui mg Child 
Dev , 1957, 28, 113-128 

Jonxis, J H P The development of haemoglobin Pediat Chns N Am , 1965, 12, 
535-550 

Jost, A Anterioi pituitaiy function m foetal life In A W Hams and B T Dono- 
van (Eds ), The pituitary gland Vol 2 London Butterworth, 1966 Pp 
299-323 

Kaplan, S L , and Grumbach, M M Growth hormone secretion in the human 
foetus and m anencephaly Excerpta med , Int Congr , 1967 Series 142, 
Abstract 98 

Klosovskn, B N The development of the brain and its disturbances by harmful 
factors London Pergamon, 1963 

Knobloch, H , and Pasamanick, B Mental subnormality New Engl J, Med , 1962, 
266, 1045-1051, 1092-1097, 1155-1161 
Kraus, B S , Wise, W J , and Frei, R H Heredity and the craniofacial complex 
Amer J Orthod , 1959, 45, 172-217 

Larroche, J C The development of the central nervous system during intrauterine 
hfe In F Falkner (Ed ), Human Development London Saunders, 1966 
Lauritzen, C , and Lehmann, W D Levels of chorionic gonadotrophin m the 
newborn infant and their relationship to adrenal dehydro-epiandrosterone 
J Endocr , 1967, 39, 173-182 , 



152 J M TANNER 


Lindner, H R Androgens and related compounds m the spermatic vein blood 
of domestic animals II Species-linked differences m the metabolism of an- 
drostenedione m blood J Endocr , 1961, 23, 139-159 
Lorenz, K In J M Tanner and B Inhelder (Eds ), Discussions on child develop- 
ment London Tavistock, 1960 Vol 4, p 128 
MacDowell, E C , Allen, E , and MacDowell, C G The prenatal giowth of the 
mouse J gen Physiol , 1927, 11,57-70 

McGraw, M B The new omuscular maturation of the human infant New York 
Columbia Umveisity Press, 1943 

McKeown, T , and Record, R G Observations on foetal giowth m multiple 
pregnancy m man J Endocr , 1952, 8, 386-401 
McKeown, T , and Recoid, R G The influence of placental size on foetal growth 
m man, with special reference to multiple pregnancy J Endocr , 1953, 9, 
418-426 

McLaren, A Genetic and environmental effects on foetal and placental growth 
m mice J Reprod Fert , 1965, 9, 79-98 

McLaien, A , and Michie, D Studies on the transfei of fertilised mouse eggs to 
uterine foster-mothers I Factors affecting the implantation and survival of 
native and tiansferred eggs J exp Biol , 1956, 33, 394-416 
Meiedith, H V, and Knott, V B Illness history and physical growth III Com- 
paiative anatomic status and late of change for school childien m different 
long-term health categones Am J Dis Child, 1962, 103, 146-151 
Miller, F J W , Court, S D M , Walton, W S , and Knox, E G Growing up m 
Newcastle-upon-Tyne a continuing study of health and illness m young chil- 
dren within their families London Oxford University Pi ess, 1960 
Ministry of Education Moving and gi owing London His Majesty's Stationery 
Office, 1952 

Ministry of Health Standards of noimal weight in infancy Minist tilth Rep 
Publ Hlth No 99 London His Majesty's Stationery Office, 1959 
Minkowski, A Development of the nervous system m early life In F Falkner 
(Ed ), Human development London Saunders, 1966 
Money, J , and Hampson, J G Idiopathic sexual precocity m the male Psychosom 
Med , 1955, 17, 1-15 

Mussen, P H , and Jones, M C Self-conceptions, motivations and impersonal 
attitudes of late- and early-matuimg boys Child Dev, 1957, 28, 243-256 
Mussen, P H , and Jones, M C The behavior-mfened motivations of late- and 
early-maturing boys Child Dev , 1958, 29, 61-67 
Naeye, R L , Bemrschke, K , Hagstiom, J W C , and Marcus, C C Intia-utenne 
growth of twins as estimated from live-born birth-weight data Pediatrics , 
1966, 37, 409-416 

Nicholson A B , and Hanley, C Indices of physiological matunty, derivation and 
inter-relationships Child Dev , 1953, 24, 3-38 
Niemi, M , Ikonen, M , and Heivonen, A Histochemistry and fine structure of 
the interstitial tissue m the human foetal testis In G E W Wolstenholme and 
M O'Connor (Eds ), Endocrinology of the testis London Churchill, 1967 
Papousek, H A physiological view of early autogenesis of so-called voluntary 
movements Plzen Uk Sh Suppl , 1961, 3, 195-198 
Penfield, W , and Rasmussen, T The cerebral cortex of man A clinical study of 
localization of function New York MacMillan, 1950 
Powell, G F , Brasel, J, A , and Blizzard, R M Emotional deprivation and growth 
retardation simulating idiopathic hypopituitarism I Clinical evaluation of 
the syndrome New Engl J Med, 1967, 276, 1271-1278. 

Powell, G F , Brasel, J. A , Raiti, S , and Blizzard, R M Emotional deprivation 
and growth retardation simulating idiopathic hypopituitarism II Endocrino- 
logy evaluation of the syndrome. New Engl J Med , 1967, 276, 1279-1283 



PHYSICAL GROWTH 153 


Prader, A , Tanner, J M , and Von Harnack, G A Catch-up growth following 
illness 01 starvation J Pediat , 1963, 62, 646-659 
Pringle, M L K , Butler, N R , and Davie, R Eleven thousand seven-year olds 
London Longmans, 1966 

Rabinowicz, T Quantitative appraisal of the cerebral cortex of the piemature 
infant of 8 months In A Minkowski (Ed ), Regional development of the 
brain in early life Oxford Blackwell, 1967 
Raiha, N , and H]elt, L The cori elation between the development of the hypo- 
physial poital system and the onset of neuiosecretory activity m the human 
foetus and infant Acta paediat , 1957, 72, 610-616 
Reynolds, E L Degree of kinship and pattern of ossification Am J phys 
Anthrop ,NS, 1943, 1, 405-416 

Reynolds, E L , and Wines, J V Physical changes associated with adolescence 
in boys Am J Dis Child , 1951, 82, 529-547 
Roberts, D F Body weight, lace and climate Am J phys Anthrop , 1953, N S , 
11, 533-558 

Scammon, R E The fiist senatim study of human giowth Am J phys Anthrop , 
1927, 10, 329-336 

Scammon, R E The measurement of the body m childhood In J A Han is, C 
M Jackson, D G Paterson, and R E Scammon The Measurement of man 
Minneapolis University of Minnesota Pi ess, 1930 
*Schreidei, E Gradients ecologiques, regulation theimique et differenciation hu- 
mame Biotypologie, 1957, 18, 168-183 

Schi eider, E Recheiches sui la stratification sociale des caracteies biologiques 
Biotypologie , 1964, 25, 105-135 

Scott, E M , Illsley, R , and Thomson, A M A psychological investigation of 
primigravidae II Maternal social class, age, physique and intelligence J 
Obstet Gynaec Br Emp , 1956, 63, 338-343 
Scott, J A Repoit on the heights and weights (and othei measurements ) of school 
pupils m the county of London in 1959 London County Council, 1961 
Scott, J A Intelligence, physique and family size Br J prev soc Med , 1962, 
16, 165-173 

Scottish Council foi Research m Education Social implications of the 1947 Scot- 
tish mental survey London Umveisity Pi ess, 1953 
Sereni, F , and Pnncipi, N The development of enzyme systems Pediat Chns N 
Am 1965, 12, 515-534 

Sheldon, W H The varieties of human physique New York Harper, 1940 
Shuttleworth, F K Sexual maturation and the physical giowth of girls age six to 
nineteen Monogr Soc Res Child Dev , 1937, 2, No 5 
Shuttleworth, F K The physical and mental growth of gills and boys age six to 
nineteen m relation to age at maximum giowth Monogr Soc Res Child 
Dev , 1939, 4, No 3 

Simmons, K The Brush Foundation study of child growth and development II 
Physical growth and development Monogr Soc Res Child Dev , 1944, 9, 
No 1 

Simmons, K, and Greuhch, W W Menaicheal age and the height, weight and 
skeletal age of gnls age 7 to 17 years J Pediat , 1943, 22, 518-548 
Stolz, H R , and Stolz, L M, Somatic development of adolescent boys A study 
of the growth of boys during the second decade of life New York, MacMil- 
lan, 1951 

Tanner, J M Current advances m the study of physique Photogrammetric an- 
thropometry and an androgyny scale Lancet , 1951, 1, 574-579 
*Tanner, J M Boas* contributions to knowledge of human growth and form. 
In W Goldschmidt (Ed ), The anthropology of Franz Boas essays on the 



154 J. M TANNER 


centennial of his birth Mem Amer Anthropol Assoc , 1959, No 89 ( Amer 
Anthropol , 61 ) 

Tanner, J M Genetics of human growth In J M Tanner (Ed ), Human Growth 
Oxford Pergamon, 1960 ( Sym Soc Hum Biol, 3, 43-58 ) 

Tanner, J M Education and physical growth Implications of the study of chil- 
drens growth for educational theory and practice London University Press, 
1961 

^Tanner, J M Growth at adolescence (2nd ed ) Oxford Blackwell Scientific 
Publications Philadelphia Davis, 1962 

Tanner, J M The regulation of human growth Child Dev , 1963, 34, 817-848 
Tanner, J M The physique of the Olympic athlete London Allen & Unwin, 1964 
Tanner, J M Radiographic studies of body composition In J Brozek (Ed), Body 
composition Oxford Pergamon, 1965 ( Symp Soc Hum Biol, 7,211-238 ) 
Tannei, J M Giowth and physique m different populations of mankind In P T 
Baker and J S Weinei (Eds ), The biology of human adaptability Oxford 
Clarendon, 1966 (a) 

*Tanner, J M The secular tiend towards eaiher physical maturation T Soc 
Geneesk , 1966, 44, 524-539 (b) 

* Tanner, J M Galtonian eugenics and the study of growth The relation of body 
size, intelligence test scoie, and social cucumstances m childien and adults 
Eugen Rev , 1966, 58, 122ML35 (c) 

Tanner, J M Puberty In A McCIaren (Ed ), Advances m reproductive physiol- 
ogy, Vol 2 London Logos, 1967 

Tanner, J M Growth of bone, muscle and fat dui mg childhood and adolescence 
In G A Lodge (Ed ), Growth and development of mammals London But- 
terworth, 1968 

Tanner, J M Growth and endocrinology m the adolescent In L I Gardner 
(Ed ), Endocrine and genetic diseases of childhood Philadelphia Saunders, 
1969 

Tanner, J M , and Gupta, D A longitudinal study of the excretion of individual 
steroids m children from 8 to 12 years old ] Endocr , 1968, 41, 139-156 
Tanner, J M , Healy, M J R , Lockhart, R D , MacKenzie, J D , and White- 
house, R H Aberdeen growth study I The prediction of adult body measure- 
ments from measurements taken each year from birth to 5 years Archs Dis 
Childh , 1956, 31, 382-381 

Tanner, J M , Hiemaux, J , and Jarman, S Giowth and physique studies In 
J* S Weiner (Ed ), International biological programme handbook of agreed 
methods, human adaptability section In pi ess 
Tanner, J M , and Isiaelsohn, W J Parent-child correlations for body measure- 
ments of children between the ages of one month and seven years Ann hum 
Genet , 1963, 26, 245-259 

Tanner, J M , Whitehouse, R H , and Healy, M J R A new system for esti- 
mating skeletal maturity from the hand and wnst, with standards derived 
from a study of 2,600 healthy British children Parts I and II Paris Centre 
International de TEnfance, 1962 

Tanner, J M , Whitehouse, R H , and Takaishi, M Standards from birth to ma- 
turity for height, weight, height velocity and weight velocity British children 
1965, Archs Dis Childh , 1966, 41,454-471, 613-635 
Thompson, D'A W On growth and form Cambridge University Press, 1942 
Thompson, A M, Maternal stature and reproductive efficiency Eugen Rev , 1959, 
51, 157-162 

Tuddenham, R D , and Snyder, M M Physical growth of California boys and 
girls fiom birth to eighteen years Untv. Calif Pubis Child Dev , 1954, 1, 
183-364 



PHYSICAL GROWTH 


Valsik, J A , Stukovsky, R , and Bernatova, L Quelques factems geogi aphiques et 
sociaux ayant une influence sui lage de la puberte Biotypologie, 1963, 24, 
109-123 

Vincent, M , and Hugon, J L’insuffisance pondeiale du piematuie Africam au 
point de vue de la sante publique Bull Wld Hlth Oig , 1962, 26, 143-174 

Waddington, C H The strategy of the genes A discussion of some aspects of 
theoretical biology London Allen & Unwin, 1957 

White House Confeience on Child Health and Piotection, Section I Growth and 
development of the child Part II Anatomy and physiology New Yoik Cen- 
tury, 1933 

Widdowson, E M Mental contentment and physical giowth Lancet , 1951, 1, 
1316-1318 

Widdowson, E M , and McCance, R A Some effects of accelerating growth I 
General somatic development Proc R Soc Brit , 1960, 152, 188-206 

Widdowson, E M , Mavor, W O , and McCance, R A The effect of undemutn- 
tion and rehabilitation on the development of the reproductive oigans rats 
7 Endocr , 1964, 29, 119-126 

Wiesel, T N , and Hubei, D H Effects of visual depnvation on morphology and 
physiology of cells m the cats’ lateral geniculate body J Neurophysiol , 1963, 
26, 978-993 

Wurst, F, Wassertheuiei, H, and Kimeswengen, K Entwicklung und Umwelt 
des Landkmdes Wien Ostenreichocher Bundesverlag, 1964 

Yakovlev, P I , and Lecouis, A R The myelogenetic cycles of legional matura- 
tion of the brain In A Minkowski (Ed ), Regional Development of the Biain 
m Early Life Oxford Blackwell, 1967 

Young, H B Ageing and adolescence Dev Med child Neurol , 1963, 5, 451-460 

Young, W C , and Yerkes, R M Factois influencing the repioductive cycle m 
the chimpanzee the penod of adolescent sterility and i elated problems En- 
docrinology , 1943, 33, 121-154 

Zeller, W Konstitution und Entwicklung Gottingen Psychologisch Rundschau, 
1952 




4 Physiological Development 

DOROTHY H EICHORN 


Regardless of age, size, or complexity, 
all organisms perform the same basic physi- 
ological functions to remain alive Each ob- 
tains from food the materials for repair 01 
replacement of cells and energy for all its 
activities Release of energy from nutrients 
requires oxidation For the conti ol of both 
oxidative and synthetic reactions secretions 
such as enzymes much be produced Waste 
products accumulate from all metabolic re- 
actions, and, as is known fiom chemical laws 
of mass action, will slow and eventually block 
these reactions, unless the oigamsm has some 
means of excretion If nutrients and oxygen 
are to reach all cells and their parts and 
wastes to be removed from them, circulation 
is needed To respond to changes m the in- 
ternal and external environments, the organ- 
ism must be irritable Not only the avoidance 
of danger and acquisition of food, but also 
the mechanics of digestion* respiration, and 
circulation involve movement 
Whether an oigamsm is growing or not, it 
carries on all these activities Foi gidwth to 
occur, some must be intensified, but the 
processes that fulfill the replacement function 
also underlie development Only the creation 
of new individuals by organisms that repio- 
duce sexually adds any function beyond 
those necessary for the existence and repro- 
duction of single cells 

Viewed structuially, there is gieat divei - 
sity among species, and even within the 
same organism during the course of develop- 
ment, m the organs that support any given 
process, but the essential functions are the 
same in plant and animal, unicellular or mul- 
ticellular, at all stages If the student focuses 
on function, he will find the facts of human 


physiological development easier to assimi- 
late The details , that provide difficulty in 
understanding arise because (1) the human 
prenatal and postnatal environments are 
strikingly different, and each requires special 
adaptations, (2) complex organisms mhent 
many of their basic mechanisms from earlier, 
simpler forms, and have at least temporarily 
some structures characteristic of these sim- 
pler forms, and (3) the larger the organism 
becomes, the more remote are most of its 
cells from environmental supports, so spe- 
cialized cells and organ systems, each with 
multiple controls, must be developed and 
integrated 

Many students of behavior think of its 
morphologic and physiologic bases in terms 
of only two or three systems — the neural, the 
muscular, and parts of the endocrine — and 
of these only m relation to the external en- 
vironment — the processes of perceiving and 
responding to external stimuli Yet most cells 
of the human body are carefully shielded 
from the general external environment Those 
that ajre not completely insulated can exist 
only because they are also in a well-regulated 
internal environment, one that is essentially 
the same for all cells Every functional sys- 
tem contributes to the compensatory mecha- 
nisms that keep the fluids sunoundmg each 
cell relatively constant m temperature, acid- 
base balance, concentration of nutrients and 
ions, osmotic pressure (pressure resulting in 
diffusion between solutions of different con- 
centrations) , and other characteristics In the 
preceding chapter and several of the suc- 
ceeding ones, the development of neuromus- 
cular functions that mediate interactions with 
the external environment are described Here 

157 
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the emphasis will be on the processes that 
permit life to continue and development to 
proceed m the face of change m both the 
organism and its external environment 

As is true m the study of behavior, the 
development of functions can be dealt with 
in either of two ways The level of develop- 
ment of all organic activities can be consid- 
ered at a number of successive ages, or each 
different function can be traced individually 
throughout the course of its development 
The first method has the advantage of call- 
ing attention to the fact that all systems are 
interrelated but the rate of development 01 
decline is not the same for all However, one 
tends to lose sight of the pattern of changes 
m particulai functions Further, as the or- 
ganism becomes more complex, so do the 
interactions within a single system To pre- 
sent a coherent picture of the mtucacies of 
all activities simultaneously is virtually im- 
possible except during the earliest stages of 
gestation when the organism is very small 
and relatively simple in structure Therefore, 
after an overview of beginning phases, major 
functions will be approached separately 

EMBRYONIC DEVELOPMENT AND 
PLACENTATION 

Nowhere are the principles outlined in the 
first two introductory paragraphs better il- 
lustrated than in the succession of means by 
which the human being secures food and 
oxygen and eliminates its wastes Unlike the 
ova of lower vertebrates, those of most mam- 
mals have almost no yolk Rather than di aw- 
ing on a stored supply of food, the mam- 
malian embryo quickly establishes a parasitic 
relationship with the mother In the human 
this process is particularly elided, for the first 
phases of differentiation of the embryo itself 
are also relatively more rapid than in other 
mammals, imposing increased demands for 
food, oxygen, and elimination very early in 
gestation Throughout most of the many 
months that the intricate digestive, respira- 
tory, and excretory structures necessaiy for 
postnatal function are developing, the pla- 
centa acts as intestinal wall, lung, and kidney 
(and serves storage, endocrine, and barrier 
functions as well). About three weeks are 
required, however, fo r the human embryo to 
biiild up a placenta and vascular connec- 


tions with it Meanwhile, its cells carry on 
their essential metabolic activities through 
direct absorption fiom, and excretion into, 
the surrounding envuonment 

The first week or fortnight after concep- 
tion is termed the ovular phase or period of 
the zygote, the second or thud to the eighth 
week is called the embiyonic period or pe- 
riod of organogenesis, and the remain dei of 
gestation is the fetal period Before it bur- 
iows into the lining of the uteius, the zygote 
spends about three or four days traversing 
the fallopian tube and anothei thiee or four 
free m the uterine cavity During this time 
the ovum, which is the largest human cell, 
subdivides into a hollow ball of ordmary- 
sized cells, the blastocyst It contains fluid 
rathei than the yolk found m the blastocyst 
of lower veitebiates At one end is the inner 
cell mass from which the embivo develops 
Because very little growth occuis — the blasto- 
cyst is only a little Jaigei than the ongmal 
ovum — little food is needed, but the human 
zygote may utilize secietions from the fal- 
lopian tube 

While the fertilized ovum is still m the 
tube, the trophoblast, a layer of cells not 
part of the embryo proper, piobably has be- 
gun to differentiate and covei the blastocyst 
At least m human embryos lecoveied at seven 
or eight days after conception, trophoblast 
is already quite thick ovei the area that has 
staited to invade the uterine wall Tropho- 
blast cells secrete fluid into the cavity of the 
blastocyst, phagocytize nutnent materials, 
and adhere to and destroy some of the endo- 
metrium (the mucous membrane lining the 
uterus) Once implantation has begun the 
embryo has available not only glycogen-con- 
taining secietions from uterine glands, but 
also cellular constituents and fluids from en- 
dometrial cells and blood vessels eroded by 
the trophoblast Trophoblastic or histotrophic 
nutrition is charactenstic of the second to 
fourth weeks, that is, from the initiation of 
implantation to the establishment of placen- 
tal exchange, but may continue concomi- 
tantly with the latter for several more weeks 

A more effective method for securing food 
and oxygen than phagocytosis and direct ab- 
sorption is urgently needed, for by the third 
week the embryo is growing rapidly When 
the developing organism begins to enter the 
uterine lining between the seventh and ninth 



PHYSIOLOGICAL DEVELOPMENT 159 


day it is already more than a simple blasto- 
cyst The inner cell mass is now an embryonic 
disc with a definite layer of entoderm and a 
plate of potential ectodermal and mesoder- 
mal cells, the trophoblast consists of two 
layers — a thm geneiative layer of cytotropho- 
blast and a thick outer syncytium of cells 
that have lost their boundaries, and another 
extraembryonic membrane, the amnion, is 
separating from the embryo The fluid-filled 
amnion helps to pi event adhesions and me- 
chanical injury Later in gestation the fetus 
may swallow ammotic fluid and excrete fluid 
into the amnion 

Differentiation, particulaily of the extra- 
embryonic structures and the embryonic car- 
diovascular system, is prodigious during the 
second and thud weeks Textbooks on de- 
velopmental psychology usually stress the 
precocity of neuial development but do not 
mention the acceleiated rate of differentia- 
tion of the mtraembryomc and placental 
circulatory systems Neai the end of the sec- 
ond week a third extiaembiyomc stiuctuie, 
the yolk sac, is distinguishable, and within a 
few days it has blood vessels The yolk sac 
can be considered vestigial only m teims of 
its original function, for it is the site of the 
first blood formation in the human being and 
remains for some weeks a souice of blood 
cells The proliferating tiophoblast acquires 
a core of mesoderm and is called trophoderm 
or serosa Early m the thud week both the 
body stalk, a narrow strip of mesoderm con- 
necting the embryo and the trophoderm, and 
the allantois, an exhaembryomc membiane 
which soon coalesces with the tiophoderm 
to form the chonon, or fetal side of the pla- 
centa, can be seen The 6lusteis of tiopho- 
derm are organizing into bushy tufts or villi 
and developing lacunae that unite to become 
the intervillous space into which blood from 
eroded maternal vessels flow As mesodeim 
and blood vessels differentiate from allantoic 
tissue, they penetrate the villous branches, 
transforming them, by the end of the third 
week, into true chorionic villi 

Simultaneous with these elaborations of 
the extraembryonic structures is the differ- 
entiation of the embryonic cardiovascular 
system During the third week the paired 
strands of cells that constitute the pnmordia 
of the heart appear, one on each side of the 
gut They are hollowed out, brought together, 


and fused into a simple tubular heart Mean- 
while the primary blood vessels arise m much 
the Jame fashion Cords of cells develop lu- 
nun a (cavities), merge into small channels, 
and then enlarge From the paired aortas 
thus formed branches are put out, among 
the largest of which are the arteries that 
extend from the dorsal aorta (running from 
the heart to the caudal end of the embryo) 
to the yolk sac and to the chorion The mtia- 
embiyonic portions of the former are the 
omphalomesenteric arteries and their contin- 
uations in the yolk sac are the vitellines, but 
for convenience both are often called vitel- 
line arteries The arteries to the chonon are 
known as the allantoics m recognition of 
their destination — the vascular plexus derived 
from the allantois and now investing the tro- 
phoderm — or as the umbilical arteries, be- 
cause they run through the body stalk, the 
forerunner of the umbilical cord Paired veins 
develop similarly but slightly later, and, again, 
those returning to the embryo from the yolk 
sac and from the chorion are very prominent 

The heart begins to beat about the end of 
the third week, but its early contractions are 
autonomous, innervation is not completed 
for several weeks Fluid is present m the 
venous circuits to the heart, and immediately 
before circulation is initiated blood corpus- 
cles from the yolk sac are added When the 
contractions of the heart become sufficiently 
strong, these corpuscles move with each beat 
As soon as networks of small channels dif- 
ferentiate to connect arteries and veins, the 
mtraembryomc, yolk sac, and chorionic or 
placental circulations begin This is probably 
early m the fourth week but may be late 
m the thud The course and dynamics of 
the fetal and postnatal circulations are de- 
scribed in the section on the cardiovascular 
system Several important facts about the 
prenatal circulation and placental structure 
and physiology should be noted here, how- 
ever 

First, all three vascular arcs undergo many 
further transformations The straight tubular 
heart bends and twists and develops by the 
end of the second month into a four-cham- 
bered structure, differing m small but im- 
portant respects from the adult heart Meta- 
bolic need is the primary determinant of the 
course and size of blood vessels, but some 
temporary routes represent recapitulations of 
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phylogeny Moreover, vascular channels may 
be altered because other structures interfere, 
as illustrated by the interruption of the um- 
bilical veins by the rapidly enlarging embry- 
onic liver Channels develop connecting these 
vems with the vascular network in the liver, 
so that eventually all blood returns from the 
placenta to the heart through the liver Fur- 
ther, the umbilical veins coalesce m the um- 
bilical cord, so that only the left umbilical 
vein carries blood from the placenta to the 
liver, the right simply drains the body wall 
and flows into the left Because tissue needs 
to be well provided with blood only while 
metabolically active, some channels develop 
extensively and then regress For example, 
the yolk sac and its vessels are of large size 
for several weeks, but shrink and become 
nonfunctional after the fifth or sixth week 
Within the embryo, all new tissue must be 
vascularized, and, of couise, the process con- 
tinues postnatally m all growing tissue, but 
the more active organs always are the better 
supplied Thus during gestation the placen- 
tal circulation is much greater than that to 
the lungs After birth, howevei, the reverse 
is true, the pulmonary circuit being large 
and the umbilical vein remaining only as liga- 
ments and the umbilical arteries as minor 
vessels to tissue between their original branch- 
ing pomt and the umbilicus and as fibroid 
cords 

Not only purely vascular changes occur m 
the placenta and accessory structures Not 
until the fifth week does a true umbilical 
cord come mto being As mentioned previ- 
ously, the body stalk originates from extra- 
embryonic mesoderm After the allantoic 01 
umbilical arteries and veins appear they push 
out to the chorion through this rapidly grow- 
ing stalk, and the allantois is also embodied 
within it At the edge of the umbilicus the 
amnion and the body wall of the embryo 
are continuous, so the umbilical ring is the 
juncture of embryonic and extraembryomc 
tissue Both the stalk of the yolk sac and the 
body stalk with its incorporated blood ves- 
sels and allantois pass through this open ring, 
which becomes progressively smaller During 
the fifth week the amnion envelops these 
stalks and forces them together, forming the 
umbilical cord Elongation of the cord con- 
tinues to a final length somewhat greater 
than that of the fetus, 


In contrast to the regression of the yolk 
sac, growth and modifications of both the 
maternal and fetal sides of the placenta per- 
sist throughout gestation Although the size 
of the placenta relative to that of the uterus 
is gieatest at the fifth month, growth is main- 
tained thereafter At least as important for 
the function of the placenta as its size are 
the alterations m its structure Whereas the 
early invasive action of the trophoblast is 
predominant, the villi have comparatively 
few short branches but cover the entue cho- 
rionic surface Those not m the region of 
implantation later atrophy, while the villi in 
the discoid placental area elaboiate Not only 
do the blanches increase m size and com- 
plexity, they also become more oiganized in 
external and internal structure Instead of 
many hundreds of villous clumps coveied 
with sprawling trophoblast, theie are 15 or 
16 treelike groupings called cotyledons sep- 
arated by septa Within the spaces bounded 
by these septa the ends of the majority of 
villi lie unattached and surrounded by the 
blood that oozes from eioded maternal blood 
vessels The termini of some “anchoring villi,” 
however, come into progiessively closer con- 
tact with the endometrium Their tropho 
blast is lost, as is the outer lining of the uterus 
below them, so the connective tissue core of 
the villi adheres to the connective tissue of 
the uterus Less complete reduction of the 
trophoblastic covering of the free villi also 
occurs, the outer syncytial cells thinning 
markedly and almost all of the inner cyto- 
trophoblast layer disappearing This attenu- 
ation of the epithelial covering of the free 
villi begins once the chorion is well estab- 
lished, that is, at about the end of the sec- 
ond month, but is moie extensive during the 
last three months of gestation 

To some extent these processes enhancing 
transfer of nutrients, gases, and wastes across 
the placenta are counteracted as gestation 
proceeds by the deposition of a fibrinoid 
substance which is probably an amalgama- 
tion of material from the maternal blood, the 
uterine lining, and the chorion (Arey, 1965, 
Patten, 1953) Certainly in abnormal circum- 
stances interference with placental exchange 
has been observed (Nesbitt* 1966) In any 
event, the amount of tissue through which 
metabolic interchange must take place vanes 
dunng prenatal existence although m pnn- 
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ciple three cellular layers of the villi sep- 
arate the fetal from the maternal blood — the 
endothelial lining of the capillaries, stroma 
or supporting tissue, and the syncytial layer 
of the trophoblast For moie detail about 
the histology of the placenta and the de- 
velopment of the fetus and its accessory 
structures the student should consult spe- 
cialized articles and volumes such as those 
of Amoroso (1961), Aheme and Dunmll 
(1966), Arey (1965), Patten (1953), and 
Villee (I960) 

Because the normality and late of pre- 
natal development aie highly dependent 
upon the nature and amount of substances 
passing the placenta, the subject of placen- 
tal permeability is of great practical as well 
as theoretical significance (Bennschke, 1965, 
Dancis, 1965, Hepner and Bowen, 1960, 
Warkany, Monroe, and Southerland, 1961, 
Wigglesworth, 1966, Wilson, 1964) Sum- 
maries of early Research are included in the 
classic works of Needham (1931) and Win- 
dle (1940) Moie recent reviews can be 
found m Adamson (1965), Hagerman and 
Villee (1960), Page (1960), Villee (1960), 
and Widdas (1961) 

Peimeabihty is neither qualitatively nor 
quantitatively fixed from species to species, 
cell to cell, or moment to moment Instead 
it fluctuates with substance, environmental 
conditions such as temperatuie and oxygen 
supply, level of metabolic activity, and char- 
acteristics of the membrane The supply of 
nutrients in the maternal blood often exceeds 
current fetal need, particularly early m ges- 
tation In the human and many other ani- 
mals, nutrients are then stored, probably se- 
lectively, by the fetal placenta for later 
release At a given point m time, therefore, 
the amount of a nutrient transferred may 
be modified by the reserve accumulated as 
well as by the concentration gradient be- 
tween maternal and villous blood Special 
mechanisms exist whereby molecules too large 
to diffuse through the pores of a membiane 
(eg, glucose, ammo acids, and vitamins) 
or small molecules mdiffusible for other rea- 
sons (such as the ions of most electrolytes) 
can be transferied If a membiane is dam- 
aged, leakage may also be a factor As has 
been demonstrated m the lare instances in 
which red blood cells have passed the pla- 
centa (Page, 1960), even large particles can 


leak through damaged membranes if the 
hydrostatic pressure is sufficiently great 

The surface area and thickness of a mem- 
brane are important factors in the regulation 
of transport across it In general, placental 
size mcreases and the density of the placental 
barrier decreases throughout gestation There 
are, however, differences among species and 
developmental variations within species in 
the size of the placenta relative to the fetus 
and m the number and thickness of the 
cellular layers separating fetal and maternal 
blood Size has been estimated m terms of 
surface area, volume, and weight These 
measures are intercorrelated, but none is an 
exact guide to functional capacity Neither 
weight nor volume directly reflects the ab- 
sorptive area, and not all the surface area 
is involved m metabolic interchange Some 
of it, such as the septa, chorionic plate, and 
fibrinoid areas, lacks capillaries narrowly sep- 
arated from maternal blood 

Early in gestation the weight of the pla- 
centa increases faster than that of the fetus, 
but later the reverse is true For each species 
there is a time at which the placental fetal 
weight ratio is maximal and one at which 
the weights become equal Thereafter, fetal 
weight is progressively greater In some spe- 
cies placental growth ceases before the end 
of gestation, but m monkey and man the 
weight of the placenta increases to the nor- 
mal time of delivery 

At term the human placenta is about 14% 
of fetal weight Its surface area has been 
estimated to range from about 7 square me- 
ters (Dodds, 1922) to 14 7 square meters, 
or about 160 square feet (Dees-Mattmgly, 
1936, Wilkin, 1956) Recently Aherne and 
Dunmll (1966), using improved methods, 
estimated the surface area of the intervil- 
lous space and villi (exclusive of microvilli) 
to be 11 square meteis at term, and the 
villous area which contained capillaries close 
to the surface to increase from 0 4 square 
meters at 28 weeks to 1 8 at full term That 
any of these figures is considerable is indi- 
cated by the fact that the surface area of 
the skm of a full-term newborn infant is 
about 022 squaie meters and that of the 
“standard 70 kilogram adult male” about 
174 

In all likelihood the absorptive area of a 
normal placenta throughout most or all of 
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the time the fetus is dependent upon it foi 
metabolic interchange is not only adequate 
to meet fetal needs but also provides a mar- 
gin of safety This margin may nanow neai 
the end of gestation Fetal weight is signifi- 
cantly correlated with placental weight m 
many species, including man (Adair and 
Thelander, 1925, Calkins, 1937, McKeown 
and Record, 1953, Aheme, 1966, Wimck, 
Coscia, and Noble, 1967), but variations in 
birth weights, independent of placental size 
and gestational age, have been observed to 
develop between single and multiple births 
very late m gestation m both man (McKeown 
and Record, 1953) and the guinea pig (Ib- 
sen, 1928) 

Grouping placentae by the number of lay- 
ers of maternal and fetal tissue between the 
two bloods yields five classes 

1 Epitheliochorial (maternal endothe- 
lium, connective tissue, and epithelium, and 
fetal chorion, mesenchyme, and endothe- 
lium) 

2 Syndesmochorial (lacking maternal epi- 
thelium) 

3 Endotheliochorial (lacking both mater- 
nal epithelium and connective tissue) 

4 Hemochorial (only fetal endothelium 
and chorion — trophoblast and stroma) 

5 Hemoendothelial (only fetal endothe- 
lium) 

Pigs and horses fall in the first classification, 
sheep and cattle m the second, the dog and 
cat m the third, monkeys and man m the l 
fourth, and the rat, labbit, and guinea pig 
m the fifth 

Across species and developmentally within 
species the width of the placental barrier 
is negatively correlated with permeability 
Yet the correlation is far from perfect, and 
a specific substance may pass a dense pla- 
centa but not a simpler one For example, 
m the rat, which has both a hemoendothelial 
placenta and a simultaneously functional 
thicker yolk sac placenta, the dye toluidm 
blue passes the latter more easily than the 
former (Wmdle, 1940) A striking illustra- 
tion of developmental changes is found in 
the rabbit During a gestation period of about 
4J4 weeks its placenta is reduced from syn- 
desmochorial to hemoendothelial (Wmdle, 
1940, Amoroso, 1952) 

Morphological variations in placentae have 


an important bearing upon the validity of 
oui knowledge about human prenatal func- 
tion Still moie frequently than is the case 
under postnatal circumstances, ethical and 
practical considerations conti amdicate exper- 
imentation with human beings Unfoitu- 
nately, generalization of observations or ex- 
penmental lesults from one species to another 
or of measuiements taken at one point in 
time on a fetus to other penods is even more 
hazardous before birth than after To all the 
usual factois restricting the comparability of 
species must be added not only structuial 
vanations of the placenta, but also length 
of gestation, degiee of maturity at analogous 
stages (eg, bnth), physiological chaiacter- 
lstics of the placenta (such as piessure and 
concentiation giadients, oxygen supply, and 
storage, enzymatic and othei metabolic ac- 
tivities), and the kind and extent of fetal 
and maternal adaptations to the conditions 
of gestation 

Selection of an appiopnate species for 
studying a particular function is difficult be- 
cause one that lesembles man more closely 
m size or the mannei m which the activity 
is carried out may differ markedly m gesta- 
tion period or placental morphology and 
function Foi several reasons the sheep and 
rabbit are subjects of choice for investiga- 
tions of pienatal respiration, as are the rat 
and guinea pig for nutritional studies How- 
ever, the sheep's placenta is less advanced 
than man's and its gestation period is only 
about half as long Some peculiarities of the 
placenta m the rabbit and rat have been de- 
tailed earlier, both have short gestations 

Normal prenatal development requires 
physiologic adjustments of the mother as well 
as of the fetus, and the human being is a 
prime example of a species m which modifi- 
cations of the maternal physiology are exten- 
sive Periodic changes in the secretion of 
gonadal hormones condition the uterus for 
implantation, increasing the size of uterine 
glands and the amount of fluid and glycogen 
they contain If conception occurs, the pro- 
duction of many hormones by the pituitary, 
thyroid, and adrenocortical glands eventually 
rises Probably in response to hormonal stim- 
ulation, blood and tissue fluid volumes be- 
come greater 

As gestation proceeds, more blood flows 
through the uterus (Assail, Douglass, Baird, 
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Nicholson and Suyemoto, 1953, Huckabee, 
1962, Metcalfe, Romney, Ramsey, Reid, 
and Bui well, 1955) and the total penpheial 
resistance of the maternal circulatory system 
drops, increasing the venous return to hei 
heart and hence her cardiac output Undei 
normal circumstances the mothers caidiac 
output nses gradually during the first 7 
months of pregnancy to 30 to 50% above 
the nongravid level and then diops some- 
what during the last 8 weeks (Bader, Bader, 
Rose and Braunwald, 1955, Burwell and 
Metcalfe, 1958, Hamilton, 1949) Oxygen 
consumption rises approximately 30% as the 
time for delivery is approached At the same 
time the expanding uterus pushes the ab- 
domen against the diaphragm, reducing the 
respiratory excuision To adjust to this hand- 
icap and to the mci eased demand foi oxygen, 
the rate and depth of respnation increase 

The methods used m prenatal experiments 
also limit the conclusions that can be diawn 
from them Piematuiely delivered fetuses aie 
obviously not functioning m a normal pie- 
natal environment, and spontaneous piema- 
tunty is piesumptive evidence of abnoimality 
in mother, fetus, placenta, oi some combina- 
tion of the three Even when the placenta 
is left attached and intact and sufficient time 
is allowed foi recovery from anesthesia and 
possible suigical shock, any surgical mtei - 
vention alteis the noimal physiologic condi- 
tion of mother, fetus, and placenta Anes- 
thesia is essential for all but the most mmoi 
surgery, but anesthetic procedures vaiy m 
the degree to which they prevent shock as 
well as in the complications they may induce 
in fetus and mother Wmdle’s summary 
(1940, p 10) of the dilemma posed by pie- 
natal research still applies 

The problems involved m most investiga- 
tions m physiology of the fetus are compli- 
cated because one is dealing with two 
organisms maintaining mutual although pie- 
carious relationship to one another It is 
tiue that the fetus cannot be studied undei 
physiologic conditions when the health of 
the mother is jeopardized, but on the othei 
hand the best of conditions m the mothei 
do not insure that behavior of the exti acted 
fetuses will always be normal 

Although improved techniques devised since 


that statement was written help to minimize 
the physiologic disturbances created by ex- 
perimental manipulations, the reseivations 
outlined here should be kept m mind when 
evaluating any research on pienatal function 

HEMATOLOGY 

Most cells of a complex multicellular or- 
ganism aie i emote not only from the external 
enviionment but also from the organism’s 
specialized tissues for nutrition, excretion, 
and internal secretion (eg, of hoimones) 
If the essential needs of each cell are to be 
met and its environment kept relatively con- 
stant, a link between all cells and the sources 
of food, oxygen, and internal secretions and 
the organs of elimination — kidneys, intestine, 
lungs, and skin — is necessary This function 
is fulfilled by the body fluids — blood, inter- 
stitial fluid, and lymph 

As the pnmaiy vehicle of distribution, 
blood plays a role m almost every bodily ac- 
tivity However, it remains in a system of 
closed vessels and is not m direct contact 
with cells (except those lining the walls of 
the blood vessels) so a means of interchange 
between blood and cells is needed The me- 
dium of exchange is provided by interstitial 
fluid, which occupies the space around cells 
and is denved fiom the plasma of blood, 
largely through diffusion and filtration 
Lymph is the fluid that drains from the inter- 
cellular spaces into the system of lymphatic 
vessels and thence back into the blood via 
lymphatic ducts emptying into the venous 
circulation 

Blood is composed of a complex fluid, 
plasma, which contains a large numbei of 
dissolved materials and in which are sus- 
pended the formed elements of blood — ery- 
throcytes (red corpuscles), leukocytes (white 
cells), and thrombocytes (platelets) About 
90% of plasma is water Among the sub- 
stances dissolved within it are the major blood 
proteins, digested forms of nutnents, wastes, 
gases, electrolytes, hormones, and enzymes 
The proteins contribute to acid-base regula- 
tion, nutrition, coagulation, and immunolog- 
ical i espouses and to such functional charac- 
tenstics of plasma as its viscosity, specific 
gravity, and osmotic pressure In addition to 
transporting oxygen, erythrocytes are impoi- 
tant in the maintenance of the acid-base 
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balance, viscosity, and specific gravity of the 
blood, and their membianes contain a num- 
ber of agglutinogens, the determiners of blood 
types 

Most white cells (leukocytes) are involved 
in defense against foreign mattei such as bac- 
teria and allergens Platelets participate in 
several aspects of blood clotting 

Sites of Hematopoiesis. Hematopoiesis 
(hemopoiesis) is the general term for blood 
cell formation Erythropoiesis, leukopoiesis, 
and thrombopoiesis refer to the formation 
of red cells, white cells, and platelets, re- 
spectively Under normal circumstances all 
the formed elements of adult blood, except 
the majority of lymphocytes and monocytes 
(two types of white cells), are pioduced m 
the bone marrow The souice of monocytes 
is not definitely known, but lymphocytes and 
probably the monocytes are foimed m lym- 
phoid tissue in many parts of the body, for 
example, the lymph nodes, spleen, tonsils, 
thymus, liver, gastrointestinal tract, and bone 
marrow 

Despite the fact that bone marrow ap- 
pears during the sixth prenatal week, blood 
cell formation does not begin theie until 
almost mid-gestation Instead, the final stage 
of hematopoiesis, known as the myeloid (bone 
marrow) period, is preceded by two succes- 
sive and overlapping stages dunng which 
other tissues aie the primary centers of blood 
formation 

In the embiyo, blood cells and blood ves- 
sels arise from mesenchyme, the embiy- 
onic connective tissue The earliest sites of 
hematopoiesis are the “blood islands” in the 
yolk sac (Bloom and Bartelmez, 1940, Wm- 
trobe, 1961), and these islands piobably also 
secrete plasma Although neither the time 
limits of this fiist stage, the mesoblastic pe- 
riod, nor of the succeeding stages can be 
stated exactly, blood islands and primitive 
blood cells are known to be present early m 
the third week Active hematopoiesis con- 
tinues m the yolk sac to the sixth or seventh 
week and then declines rapidly By the ninth 
week blood formation there is negligible 

The second or hepatic (liver) peiiod be- 
gins about the fourth or fifth week, and 
within a few more weeks the liver has re- 
placed the yolk sac as the prime site of 
hematopoiesis (Gilmour, 1941, Wmtiobe, 
1961) At about the third month hemopoie- 


sis also staits in the spleen It is always 
slight relative to that m the liver, it leaches 
a maximum about the fourth month and then 
subsides but may continue to a slight degree 
throughout the remainder of gestation A 
brief phase of hematopoiesis also occurs in 
the thymus during the hepatic period 

Between the fourth and fifth months hema- 
topoiesis is initiated m the bone marrow and 
lymph nodes Blood cell fonnation is much 
greater in the bone marrow and accelerates, 
whereas production in the lymph nodes rises 
for only a brief time and then stays steady 
to term Since hemopoiesis continues m the 
liver until two or three weeks after birth, al- 
though at a deceleiatmg rate after the fifth 
month, there is considerable oveilap between 
the hepatic and myeloid periods 

As noted earlier, the bone marrow be- 
comes the exclusive normal site of erythro- 
poiesis, thrombopoiesis, and the formation 
of most white cells within a few weeks after 
birth However, the livei and spleen and 
perhaps othei tissues retain their potential 
for hematopoiesis throughout infancy and 
early childhood and thus serve as emergency 
sources m times of crisis Formation of blood 
cells m these sites is called extramedullaiy 
hematopoiesis 

Until a child is about 5 yeais old, the de- 
mand for blood cells is so great that red 
marrow fills all bones Fat begins to appear 
in the mariow of long bones between the 
fifth and seventh year With increasing age 
thereafter fat gradually replaces active mar- 
row m the distal parts of the skeleton By 
18 or 20 years the centers of hematopoiesis 
aie confined primarily to bones m the trunk 
— vertebiae, libs, sternum, clavicles, and sca- 
pulae, and the innominate bones which make 
up the greater part of the pelvis — but some 
blood cell formation continues in the skull 
and the proximal epiphyses of the femur 
and humerus (Custer, 1949) The inactive, 
fatty areas of bone replace extramedullary 
centers as the reservoir foi additional hema- 
topoiesis during stress 

Erythrocytes All the blood cells of the 
adult go through a series of transfoimations 
before they are released into the circulation, 
and some furthei developments may occur 
theie The normal stages of erythropoiesis 
aie, m chronological order pronormoblast 
(proerythroblast), basophilic, polychromatic, 
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and orthochromatic normoblast (or early, 
intermediate, and late erythroblast), reticulo- 
cyte, erythrocyte Sometimes the term ery- 
throblast is used to mean all nucleated red 
cells, regardless of stage or normality All 
the forms listed above are nucleated except 
reticulocytes and erythrocytes, the two types 
of red cell normally found m the circulating 
adult blood The more immature forms m 
the senes are rather large, but as maturation 
proceeds through successive cell divisions, 
the red cells become progressively smaller 
Before a red cell enters the adult circulation, 
it normally extrudes its nucleus A network 
of matenal with an affinity for basic dyes 
remains, so the cell at this stage is called a 
reticulocyte After two to five days in the 
circulation the network is lost, and the cell 
is known as an erythrocyte 

The basic stimulus to erythropoiesis is a 
reduction in the oxygen level m bone mar- 
row, whether this results from anemia (de- 
ficiency m the quality or quantity of led 
cells), hypoxia (low oxygen content of in- 
spired air), or some other cause However, 
the response is mediated by erythropoietin, 
a hormone secreted into the blood, probably 
by the kidneys 

Embedded m the colorless, spongy stroma, 
or framework, filling the interior of the ery- 
throcyte is the led, oxygen-carrying pigment, 
hemoglobin Every molecule of hemoglobin 
consists of four subunits, each of which has 
a heme portion containing iron, in conjuga- 
tion with a polypeptide Two of the subunits 
have one type of polypeptide, the other two 
have the second type The polypeptides m 
the predominant form of adult hemoglobin 
are the alpha and beta chains Both contain 
19 different ammo acids, but the alpha has 
141 ammo acid units and the beta has 146 
Collectively, the polypeptides make up the 
globin fraction of the hemoglobin molecule 
There is only a low to moderate correlation 
between the total amount of hemoglobin m 
the blood and the number of erythrocytes 
When the components of hemoglobin are 
deficient, red cells mature without a normal 
complement of hemoglobin 

Red cells wear out after circulating foi 
about 120 days Deteriorated cells are bro- 
ken down m the reticuloendothelial system, 
a special sort of connective tissue Globin 
and heme are split off, with the former re- 


turning to the amino acid pool of the body 
Heme is transformed through several steps 
to insoluble bilirubin, a yellow pigment Bili- 
rubin is released into the circulation and 
carried to the liver, where it is converted 
mto soluble forms and excreted m the bile 
If this process fails, or excessive destruction 
of red cells occurs, the lesult is hypeibih- 
rubmemia, oi jaundice There has been con- 
siderable controversy about the cause of 
icterus neonatorum, a form of jaundice com- 
mon among neonates 

Much of the iron removed from the hemo- 
globin molecule when erythiocytes are de- 
stroyed is returned to the bone marrow to 
be reused m the formation of new hemo- 
globin Unless the portion excreted is re- 
placed by dietary intake, non deficiency 
anemia ensues Among othei causes of in- 
sufficient or abnormal erythropoiesis are pro- 
tein lack, vitamin deficiencies (particularly 
of the B vitamins), low levels of glucocorti- 
coids (a class of adrenal hormones), or of 
thyroid or pituitary hormones, and genetic 
defects 

In general, the younger the individual, the 
more does the red blood cell picture present 
conditions that would be abnormal m the 
adult This statement is qualified because 
some measures have curvilinear trends The 
first charactenstic to approximate adult lev- 
els — the proportion of immature cells in the 
circulation — shows only minor reversals Re- 
lease of nucleated cells into the circulation 
is indicative of pathology m adults, an ele- 
vated reticulocyte count is the normal sign 
of active red cell proliferation Fetal blood, 
however, contains a large number of even 
less mature cells 

About the third week, when the first cells 
appear m the blood of the embryo, at least 
99% ai enucleated (Playfair, Wolfendale, and 
Kay, 1963) Fuither, they are large, primi- 
tive erythroblasts sometimes referred to as 
“first generation’ oi “provisional” erythro- 
blasts As these cells degenerate or are 
destroyed by phagocytes (cells that engulf 
and ingest othei ceils, microorganisms, and 
foreign mattei), they aie replaced by the 
second or “definitive” generation of smaller 
normoblasts (Bloom and Bartelmez, 1940) 
At 6 weeks most (92%) of the circulating 
red cells are still of the primitive type The 
proportion drops to 53% by the end of the 
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second fetal month, and at the end of the 
fourth all of the red cell precursors aie of 
the second generation Concurrently, the 
number of veiy lmmatuie forms (erythro- 
blasts and normoblasts) reaching the circula- 
tion decreases, while the more matuie forms, 
at first almost entirely reticulocytes, increase 
Only 3% (Thomas and YoflFey, 1962) to 8% 
(Wintrobe, 1961) of circulating red cells 
are nucleated at 10 to 12 weeks By mid- 
gestation the proportion is less than 1% and 
remains at this level until delivery (Andei- 
son, 1941, Gilmour, 1941) 

Reticulocytes rather than nucleated cells 
are the predominant form of red corpuscle 
m the third fetal month In turn, they are 
replaced by erythrocytes This process is 
somewhat slower, especially after the first 
half of gestation, than was the decline of 
erythroblasts and normoblasts Between the 
third and sixth months reticulocytes de- 
crease from 90% of circulating red cells to 
15-30% (Wmdle, 1941) According to Seip 
(1955), the proportion declines almost lin- 
early from about 16% at 22 weeks to 4-6% 
at term These figures aie consistent with 
those reported m most previous and subse- 
quent studies and are significantly higher 
than the normal adult range of 0 2 to 2 0% 
(McDonald, Dodd, and Cruickshank, 1965) 
or 0 5 to 15% (Smith, 1966) 

Many other characteristics of red cells, 
for example, their size and total number, 
have a similar age curve — that is, rapid de- 
velopment durmg the first half of gestation 
and a slower, steadier rate of change there- 
after Underlying this pattern is probably an 
interaction between the degiee of maturity 
of blood-forming tissue and the demand for 
red cells Some abatement of this demand 
is likely, because as gestation proceeds the 
increment m size durmg a given period of 
time becomes a progressively smaller fraction 
of the size at the beginning of the interval 
(Arey, 1965) 

At birth and for several months thereafter 
many readjustments m the red cell picture 
take place Unless one knows the meaning 
of the various indices used to assess the size 
and quantity of cells and the hemoglobin 
content of cells or whole blood, neither the 
prenatal trends nor the postnatal reversals 
can be adequately understood 

An absolute increase m the total numbers 


of formed elements would be expected 
throughout development, for the larger the 
organism, the gieatei is the volume of blood 
required to supply its organs By the same 
token, the total amount of hemoglobin should 
also increase To allow foi diffeiences m size, 
both among and withm age and sex groups, 
cell counts and hemoglobin content are stated 
in relative teims 

Total counts of red cells (RBC), platelets, 
and white cells (WBC) or each category of 
the latter are given as the number of million 
cells per cubic millimeter (cumm or mm 3 ) 
of blood A supplementary measuie for red 
cells is the hematocrit (HCT), or packed 
cell volume (PCV), which expresses the 
percentage of the volume of a given amount 
of blood that is occupied by red cells The 
hematocrit is not a substitute for red cell 
count, because the same volume could be 
made up of a laige number of small cells 
or a smallei numbei of laiger cells Among 
the measures of cell size are diametei, thick- 
ness, and volume These may be measured 
directly, but estimates are sometimes used 
For example, the mean corpuscular volume 
(MCV) is calculated by dividing the vol- 
ume of packed led cells per 1000 milliliters 
(ml ) of blood by the red cell count m mil- 
lions per cubic millimeter, yielding a quo- 
tient m cubic microns (cu fi) 

In lieu of the oldei and less accurate color 
indices (the color of a blood sample is 
matched with one of a set of standards), 
ratios of the hemoglobin content of blood 
to the led cell count or the volume of packed 
red cells are now favored for the assessment 
of the hemoglobin content of red cells The 
mean corpuscular hemoglobin (M C H ) is 
a measure of the weight, in micromicrogiams 
(w*G or ^Gm ), of the hemoglobin m the 
average red cell It is derived by dividing the 
numbei of grams of hemoglobin per 1000 ml 
of blood by the red cell count in millions pel 
cubic millimeter By conti ast, the mean corpus- 
cular hemoglobin concentration (M C H C ) 
is an estimate of the concentration of hemo- 
globin in the aveiage red cell, that is, the ratio 
of the weight of hemoglobin to the volume 
m which it is contained This quotient is a 
percentage, obtained by multiplying the num- 
ber of grams of hemoglobin per 100 ml of 
blood by 100 and dividing the lesult by the 
volume of packed led cells m milliliteis per 
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100 ml. of blood If the mean coipuscular 
hemoglobin does not change m proportion to 
the mean corpuscular volume, the mean cor- 
puscular hemoglobin concentration will de- 
viate from normal, for it is the ratio of M C H 
to M C V This fact is particulaily useful in 
the diagnosis of anemias Cell volume and the 
weight of hemoglobin per cell change m par- 
allel m most anemias, so the M C H C is con- 
stant In ceitam anemias, howevei, the decie- 
ment m hemoglobin is greater than that m 
cell size, and the M.CHC becomes sub- 
normal The so-called “physiological anemia” 
of infancy, to be discussed shortly, is of the 
former type 

The increment m number of red cells per 
unit volume of blood is rapid until mid-ges- 
tation when production slows (Singer, Cher- 
noff, and Singer, 1951, Thomas and Yoffey, 
1962, Walker and Turnbull, 1953, White 
and Beaven, 1959, Wmtiobe and Shu- 
macher, 1936) Thomas and Yoffey (1962) 
report a secondary rise in the third trimester 
More regulai and gradual increases in packed 
cell volume and amount of hemoglobin per 
100 ml of blood result from the relation- 
ships between curves for cell volume and 
cell count m the first case and mean cor- 
puscular hemoglobin and cell count m the 
second (Wmtrobe, 1961) Because mean 
corpuscular volume and mean coipuscular 
hemoglobin decrease at comparable rates, 
the mean corpuscular hemoglobin concentra- 
tion stays at about the same level through- 
out gestation (Windle, 1941, Wmtrobe and 
Shumacher, 1936) 

Of great concern to hematologists, embry- 
ologists, and pediatricians are the qualitative 
differences between fetal and adult hemo- 
globin The heme fraction and the pair of 
alpha chains are identical m both hemoglo- 
bins, but instead of the pair of beta chains 
of adult hemoglobin (Hb-A), fetal hemo- 
globin (Hb-F) has a pair of gamma chains 
(Schroeder, Shelton, Shelton, Cormick, and 
Jones, 1963, White and Beaven, 1959) Al- 
though beta and gamma chains contain the 
same number of amino acids, the composi- 
tion differs Fetal and adult hemoglobin 
differ in many physical and chemzcal proper- 
ties, the most important of which physiologi- 
cally is the greater oxygen affinity of Hb-F 
(see the section on Respiration) To date 
there is no conclusive evidence that the dif- 


ference m oxygen affinity between fetal and 
adult blood actually arises from the beta and 
gamma chains rather than from other prop- 
erties of the led cells or their environment 
The values leported for fetal hemoglobin 
at different ages vary consideiably fiom study 
to study In pait the lack of consistency stems 
from the use of methods of assessment that 
differ in sensitivity and variability Further, 
fetal red cells contain small amounts of adult 
hemoglobin and two other minor hemoglo- 
bins The latter two constitute about 10% 
of the total hemoglobin and aie included 
by some investigators m their figures, that 
is, they diffeientiate only between Hb-A and 
all other hemoglobin Adult blood also has 
two minoi components — Hb-A 2 and veiy 
small amounts (05-1%) of Hb-F 
During gestation very little shift m the 
proportions of fetal and adult hemoglobin 
is observed About 95% of the hemoglobin 
at 8 to 20 weeks is Hb-F, although small 
amounts of adult hemoglobin can be detected 
(Fraser and Raper, 1962, Walker and Turn- 
bull, 1955, Zipuisky, 1966) Most investi- 
gators report fetal hemoglobin values of 
about 90% at 34-36 weeks (Beaven, Ellis, 
and White, 1960, Cook, Brodie, and Allen, 
1957, Gottorn, 1955, Schulman, Smith, and 
Stern, 1954) In fact, the 90-91% level seems 
to be a cntenon of prematurity Infants bom 
before 34-36 weeks have more than 90% 
Hb-F, whereas those bom after this age 
have less than 90% A negative correlation be- 
tween gestational age and pioportion of Hb-F 
is established at this point, with a decline 
of 3-4% in Hb-F each week thereafter to 
term (Cook, Brodie, and Allen, 1957) The 
range of Hb-F content found at birth varies 
from 45-90%, with means of 70-85% (Abra- 
hamov, Salzbergei, and Bromberg, 1956, 
Armstiong, Schroeder, and Fennmger, 1963, 
Cook, Brodie, and Allen, 1957, Cottom, 
1955, Schulman, Smith, and Stern, 1954, 
Singer, Chemoff, and Singer, 1951, Zipur- 
sky, 1966) However, the concentration var- 
ies from cell to cell, and over 90% of red 
cells m the blood of newborn infants contain 
some fetal hemoglobin (Zipursky, 1966) 
Even less agreement exists on the rate of 
the postnatal decline m Hb-F Beaven, Ellis, 
and White (1960) report that after the 
fourth month no more than 10% of hemo- 
globin is of this type. In the age range 6 
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months to 10 years less than 1% Hb-F was 
found m about two- thirds of their subjects 
On the other hand, Chemoff and Singer 
(1952) found levels of 15% fetal hemoglobin 
at 1 year, 5% at 2, and less than 2% aftei 4 
years 

The factois determining whether the he- 
moglobin manufactuied will be predomi- 
nantly of the fetal or adult type are not 
known When fetal red cells are incubated 
under conditions of glucose deficiency oi 
low oxygen, fetal hemoglobin is more likely 
to be formed (Allen and Jandl, 1960) Thus 
one hypothesis is that m the fetal environ- 
ment, wheie glucose and oxygen are in rela- 
tively short supply, hemopoietic tissue some- 
how responds to such lack by pioducing 
fetal hemoglobin 

It is of some interest that the myoglobin 
(muscle hemoglobin) of fetuses and new- 
born mfants is entirely of a fetal type, MbF 
During the first six postnatal months MbF 
is completely replaced by adult myoglobin 
(Smger, Angelopoulos, and Ramot, 1955) 
As is true for fetal hemoglobin, the signifi- 
cance of this shift has not been detei mined 

Despite the slowing of erythropoiesis dur- 
ing the second half of gestation, the picture 
at delivery is one of hyperactive red cell 
formation A temporary resuigence of nucle- 
ated red cells, both erythroblasts and normo- 
blasts, occurs m many infants, particularly 
the premature (Smith, 1959) Within 24 
hours an abrupt decline ensues, and by the 
end of the first week almost all the nucleated 
cells are gone Some investigators (Findlay, 
1946, Gairdnei, Marks, and Roscoe, 1952, 
Wegelius, 1948) also report an increase m 
reticulocytes lasting from a few hours to 3 
or 4 days Seip (1955) found that the term 
level (4-6%) was maintained for 3 days, then 
dropped rapidly, reaching the adult range 
by the end' of the seventh day No sharp 
deciement is seen m Washburn's (1935) 
longitudinal data until the second to eighth 
week However, those data show a brief 
increase between 6 and 10 weeks, followed 
by a second decline to adult values at about 
4 months 

In addition, the erythrocytes of the new- 
born infant are larger and have a higher 
hemoglobin content than the adult's, and 
their numbers are as great or greater (Smith, 
1959, Smith, 1966, Wmtrobe, 1961, Wol- 


man, 1957) Some investigations reveal a 
further use m red cell count lasting from a 
few hours to seveial days (Findlay, 1946, 
Gairdner, Marks, and Roscoe, 1952, Guest, 
Brown, and Wing, 1938, Wegelius, 1948) 
During the first day hemoglobin levels of 
subjects m these studies increased even more 
sharply, but they too began to drop after 
about the fourth day 

The brief perinatal burst of eiythropoiesis 
is most frequently intei preted to be the result 
of lelative anoxia late in gestation and/or 
during delivery Evidence for anoxia during 
labor is much better than that foi an mciease 
m oxygen deprivation as term approaches 
(James and Adamsons, 1964, Nesbitt, 1966, 
Smith, 1959, Walkei and Turnbull, 1959) 
Moreover, the red cell and hemoglobin val- 
ues available m the liteiature, particularly 
for neonates, should not be accepted un- 
critically, foi a number of methodological, 
environmental, and genetic factors influence 
these measuies 

One important variable is the source of 
the blood sample Among adults hematocrits 
determined on venous blood aie slightly 
higher than those done on arterial blood, 
while samples from peripheral or small ves- 
sels yield hematocrits as high as those from 
larger vessels only when the miciohematocnt 
is used (McGovern, Jones, and Steinberg, 
1955) For about the first postnatal week, 
however, simultaneous capillary and venous 
determinations show the foimer to be higher 
(DeMaish, Alt, and Wmdle, 1948, Gatti, 
1967, Molhson, Veall, and Cutbush, 1950, 
Mugrage and Andiesen, 1936, Newman and 
Gross, 1967, Oettmger and Mills, 1949, Oh 
and Lmd, 1966) The greater concentration 
of capillary blood probably comes about be- 
cause the relatively inactive peripheral cir- 
culation allows moie time for water to dif- 
fuse out of the capillaries Smith (1959) 
collated red cell counts and hemoglobin lev- 
els from many studies on the basis of whether 
the blood was obtained from capillaries, 
veins, or the umbilical coid In addition to 
leflectmg the capillary-venous difference, his 
tables suggest that measures made on cord 
blood are lower than those taken on venous 
blood Since simultaneous comparisons of 
cord and venous blood have not been made, 
one cannot be sure whether this difference 
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represents an age trend or a concentration 
gradient 

Although the very high values foi eiythro- 
cytes and hemoglobin frequently cited as 
characteristic of the newborn are based on 
capillary samples, dehydration from 1 educed 
water intake during the first few days of life 
may contribute to spuriously high values le- 
gardless of the source Red cell and hemo- 
globin levels may actually begin to drop 
within the first day, with the decline being 
masked by a decrease m blood volume 
Water loss is the primary factor m the early 
neonatal weight decrement, and transfer of 
water from the blood is one line of defense 
against cellular dehydration 

A related factoi of considerable signifi- 
cance is the time at which the umbilical 
cord is clamped Delayed clamping can re- 
sult m the transfusion of large quantities of 
blood from the placenta to the infant (see 
blood volume, below) Tiansfusion per se 
would not influence counts or concentrations, 
but it has this effect because fluid adjust- 
ments occur in which water leaves the 
plasma and enters the intercellular spaces oi 
tissues In a lecent review of the effect of 
time of clamping of the cord on a variety 
of functions, Moss and Monset-Couchard 
(1967) list 20 studies that included hemato- 
logical evaluations Despite variations m the 
source of blood samples and m the defini- 
tion of early or late clamping, almost all 
studies showed late clamping to produce 
higher red cell and hemoglobin values The 
differences ranged from about 0 5 to 15 
million for eiythrocyte counts, 11 to 15 cc 
per kilogram of body weight for red cell vol- 
ume, 1 to 4 grams for hemoglobin levels, 
and 3 to 12% for hematocrit On the other 
hand, infants whose cords are clamped early 
have higher reticulocyte counts (DeMarsh, 
Alt, and Windle, 1948) 

With distressing fiequency investigators 
attempting to establish age standards have 
failed to control not only for the time of 
clamping of the cord but also for gestational 
age, multiple births, and anemias The more 
premature the infant, the lower his blood 
values are likely to be and the greater will 
be the effect of placental transfusion at de- 
livery, for red cell, iron, and hemoglobin 
levels increase with gestational age, whereas 


the proportion of blood in the placenta de- 
creases 

The fact that multiple births have an 
above aveiage incidence of piematunty and 
iron-deficiency anemia is not the only reason 
why their exclusion is desirable More and 
more cases of placental transfusions between 
monozygotic twins, either prenatally or dur- 
ing delivery, aie being discovered (see re- 
views in Comey and Aherne, 1965, Falkner, 
1966, Rausen, Seiki, and Strauss, 1965) In 
this syndrome one twin is plethoric (has an 
excess volume of blood) while the othei is 
anemic The effects vary from mild to severe 
(Bennschke, 1958, Corney and Aherne, 
1965, Naeve, 1963) and include abnormal- 
ities m growth, caidiovascular and renal 
function, vision, and hearing It has been 
suggested that the lather common occur- 
lence of iron-deficiency anemia m one of a 
pair of twins when both have similar diets 
and growth rates may be instances m which 
the tiansfusion was not great and was not 
detected (Smith, 1966, Woodruff, 1958) 
The plethoric twm is usually but not always 
the largei (Falkner, Bamk, and Westland, 

1962, Kerr, 1959, Littlewood, 1963, Valaes 
and Doxiadis, 1960) and is equally suscep- 
tible to severe disorders and death (Min- 
kowski, 1962) Not all the deleterious effects 
are apparent at birth (Corney and Aherne, 
1965), and the abnormalities and diffeiences 
between twins m size and other variables 
often persist for years (Becker and Glass, 

1963, Falknei, 1966, Herlitz, 1942) The 
fact that prenatal environmental factors may 
make monozygotic twins more dissimilar than 
are dizygotic twins or even unrelated indi- 
viduals obviously has implications for devel- 
opmental lesearch fai exceedmg the relatively 
minor confounding of hematological norms 
that results from including subjects whose 
blood values are not normal 

Although anemia is basically an abnoi- 
mally low level of hemoglobin m the blood, 
it can arise because the hemoglobin content 
of all cells is reduced or because the number 
of led cells is insufficient These states, in 
turn, stem from deficient or defective red 
cell formation, excessive destruction of red 
cells, or a combination thereof Among the 
conditions that produce anemic newborns are 
bleeding from die fetus into the mother 
through a damaged placenta, blood loss from 
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the placenta itself during delivery, a variety 
of genetic defects, and fetal-mateinal blood 
gioup incompatibilities, of which the best 
known is the instance in which an Rh-nega- 
tive mother carries an Rh-positive fetus De- 
scriptions of these and other disoideis and 
a review of the literature on them can be 
found in Smith (1966) Dietary deficiencies 
and infections, which play a major role in 
anemias in older infants and children, are 
of comparatively little importance m neo- 
nates Within a fairly wide range, maternal 
hemoglobin levels are not correlated with 
the production of hemoglobin by the fetus 
(Woodruff, 1956, 1958, 1961, Woodruff and 
Bndgeforth, 1953) However, if the mother’s 
levels are very low, her offspring is much 
more likely to be anemic (Strauss, 1933, 
Woodruff and Bndgeforth, 1953) The inci- 
dence of neonatal anemia is also higher 
among premature and later-born infants and 
multiple births than m full-term and first- 
born infants and singletons, whose prenatal 
supply and storage of iron and other nutn- 
ents is better (Guest and Brown, 1957, Wood- 
ruff, 1958) 

Whether or not a true increase m red cell 
and hemoglobin values takes place during 
the first few days after birth, there is no doubt 
that the normal infant enters postnatal life 
with every sign of active erythropoiesis and 
that within a week or so the rate of red 
cell formation is on the decline As the high 
blood values at birth and possible increases 
during the first few days have been inferred 
to represent a response to decreasing oxygen 
tension, so the decreases which soon follow 
have been attributed to the removal of the 
stimulus to erythropoiesis by the more highly 
oxygenated postnatal environment A time 
lag would be expected, because the primary 
response is by the erythropoietic tissue, and 
some days would be required for the change 
to be reflected m the circulation Consonant 
with this interpretation is the fact that de- 
creased or increased activity of the bone 
marrow, as appropriate, precedes the trends 
in blood values reported below (Smith, 
1966) 

The greatest variation in blood values 
“among infants or children apparently m 
states of good health and nutrition occui 
during the first three years of life” (Guest, 
Brown, and Lahey, 1957, p 359) Other 


authorities agree on this point as well as to 
the contention that “optimal” standards, that 
is, those based on well-nounshed childien, 
are prefeiable to those derived fiom a more 
representative sample, because the lattei will 
include many anemic childien (Moe, 1965, 
Whipple, 1966) 

Despite the wide range from study to 
study m absolute values at given ages and 
discrepancies as to the age at which mini- 
mum levels are found, the general age tiends 
are quite consistent (Albritton, 1952, Berry, 
Cowm, and Magee, 1952, Gairdner, Marks, 
and Roscoe, 1952, Faxen, 1937, Guest and 
Biown, 1957, Guest, Brown, and Wmg, 
1938, Hawkins, Speck, and Leonaid, 1954, 
Hoi an, 1950, Leichsennng, Norris, and Hal- 
bert, 1952, Leichsennng, Norris, Lamison, 
and Halbert, 1955, Merritt and Davidson, 
1933, Moe, 1965, Mugiage and Andresen, 
1936, Sjostiand, 1949, Smith, 1959, Smith, 
1966, Wintrobe, 1961, Wolman, 1957) 

The decline m red cell count is gradual 
in onset, but after the second week becomes 
marked, reaching a low point at from 6 
weeks to 5 months Most investigators report 
minima approximately 1 5 million cells per 
cubic millimeter below birth means at about 
2 months, with a slow increase thereafter 
totaling about 0 7 milhon/cu mm by pu- 
berty A brief secondary nse in reticulocytes 
is often observed as red cell proliferation is 
reactivated During adolescence there is very 
little change in erythrocyte count among 
females — the average RBC from 10 years 
through middle age ranging from 4 to 5 5 
million/cumm Males, however, have a de- 
cided increment, amounting to about 0 3 
milhon/cu mm fiom 10 to 14 and an equal 
increase between 14 and 17 years, for which 
rising testosterone secretion is probably the 
stimulus The administration of testosterone 
to children with certain forms of anemia, 
to eunuchs, and to female or castrated male 
experimental animals produces a greater vol- 
ume of red cells (McCullagh and Jones, 
1942, Shahidi and Diamond, 1959, Van 
Dyke, Coutopoulos, Williams, Simpson, Law- 
rence, and Evans, 1954), 

Across both species and age, erythrocyte 
count and size are negatively correlated 
(Wintrobe, 1961) Although average cell 
size decreases during gestation, it is still 
very large at birth (mean corpuscular vol- 
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lime of 106-125 m and mean corpuscular 
diameter of 8-9 /*) The decline m size be- 
gins immediately, reaching a minimum MCV 
of 71-77 m at 6 to 12 months and a mini- 
mum MCD of 5-7 + m at from 3 to 12 months 
Between 12 and 18 months the trend re- 
verses, but cell size remains below the adult 
means of 85-90 m foi MCV and 7 2-7 9 fi 
for MCD at least until puberty 

Because red cell size and number decline 
simultaneously, the drops in hemoglobin per 
umt volume of blood and m volume of packed 
red cells (hematocrit) are even sharper and 
the subsequent rise slower than for erythro- 
cyte count Hemoglobin levels decrease by 
about 8-10 grams per millilitei of blood be- 
tween birth and 3 to 6 months, then increase 
by 1 5 to 2 gr /ml by 2 to 5 years The 
levels remam fairly steady throughout the 
remainder of childhood There is a further 
increase of about 0 5 gm/ml for females 
between 14 and 17 years Males have incre- 
ments of 1 gm /ml between 10 and 14 years, 
1 5 gr between 14 and 17, and 0 5 gr 
from then to adulthood The hematocrit 
curve, although somewhat more variable 
from study to study, takes a similar pattern, 
decreasing from a range of 52-66% in the 
first few days to a low of 34-37% at 6 weeks 
to 12 months Very gradual increases be- 
ginning m the second or third year bring 
the means to 38-42% by 5 to 10 years Aver- 
ages for females increase by only about 1% 
between 10 and 14, 1% from 14 to 17, and 
2% from then to adulthood The increments 
for males during these periods are 3%, 4%, 
and 2%, respectively Since there are no sex 
differences in cell size nor in the average 
hemoglobin content per cell, the greater he- 
matocrit and total hemoglobin content of the 
blood in males is attributable to their higher 
erythrocyte count 

For the most part, the decline m mean 
corpuscular hemoglobin parallels that m 
mean corpuscular volume, so mean coipuscu- 
lar hemoglobin concentration stays quite 
steady However, during the fust few weeks 
to 2 months when newer, smaller cells are 
beginning to appear the decrease m MCV 
is not matched by that m MCH, and the 
MCHC rises slightly A slight decline there- 
after to a minimum at about 2 years is also 
reported m seveial of the studies cited above, 

Considerable controversy has surrounded 


the question of whether the osmotic and 
mechanical fragility of infants' erythrocytes 
was greater than in older persons There is 
little question that when tested m vitro or 
by injection into an adult, the life span of 
neonatal red cells is shorter than that of 
adult cells The decreased rate of red cell 
proliferation rather than a difference in the 
quality of cells is now, however, believed 
to account for the faster rate of breakdown 
of the neonatal erythrocytes (Smith, 1959, 
Smith, 1966) With more old cells and fewer 
new ones m the blood of the young infant, 
a reduction m the mean life span would be 
predictable 

White Cells 

The five major types of white cell (leuko- 
cyte) noimally found in adult blood are 
neutrophils, eosinophils, basophils, lympho- 
cytes, and monocytes In contrast to red 
cells, all leukocytes are large and nucleated, 
but the various types and subgroups within 
them can be differentiated on the basis of 
the structure of the nucleus, whether or not 
the cytoplasm contains granules, and stain- 
ing properties Each category also has a char- 
acteristic size range Collectively, neutrophils, 
eosinophils, and basophils are called granu- 
locytes, in recognition of their granular 
cytoplasm, or polymoiphonuclear leukocytes, 
because their nuclei are lobulated 

Granulocytes are considered to differenti- 
ate m the bone marrow from myeloblasts into 
promyelocytes, myelocytes, and metamyelo- 
cytes During the myelocyte stage the 
granules in different cells acquire distinctive 
staining affinities, so from that point the pre- 
cursors of neutrophils, eosinophils, and baso- 
phils can be discriminated Before being 
released into the circulation, lypmphocytes 
pass through two stages, the lymphoblast 
and the prolymphocyte The precursor of 
the monocyte is the monoblast 

Neither the functions of white cells nor 
the factors governing their formation are well 
understood However, both the total number 
of circulating leukocytes and the proportions 
of the various types are known to fluctuate 
not only from day to day but withm a single 
day m the presence of microorganisms and 
allergens and in response to physical exertion 
and pain or other mental stress Except for 
lymphocytes, white cells apparently are 
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drawn to the sites where they are needed pri- 
marily by chemical stimuli, such as the re- 
lease of nucleic acid from destioyed tissue 
When the demand for white cells increases, 
both the rate of production and the degiee 
of mobilization of cells fiom stoiage areas 
rises On the other hand, the white cells 
move quite rapidly from the blood into af- 
fected tissue Further, a condition that 
stimulates an increase in one class of white 
cell may 1 educe the numbers of another Foi 
example, glucocoiticoids from the adrenal 
cortex, the secietion of which mci eases dur- 
ing stress, lower the lymphocyte count, both 
by destroying lymphocytes and by inhibit- 
ing then production These hormones also 
decrease the numbers of eosinophils and 
basophils in the circulation and increase the 
neutrophil, platelet, and red cell counts The 
concurrent existence of factors piomotmg 
and reducing the total numbei and piopor- 
tions of white cells undeilies the wide and 
frequent variations obseived and makes foi 
some discrepancies m the norms provided 
by different authorities and m estimates of 
the life span of leukocytes Nevertheless, be- 
cause the pioportions of white cells do in- 
crease or decrease differentially undei 
vanous conditions, a diffeiential count, that 
is, separate counts of each ma]oi type, is 
often of moie significance than a combined 
total count 

Under basal conditions the total white cell 
count m adults is 4000-7000, although it 
may rise to 10,000-11,000 with normal ac- 
tivities Mature neutrophils with a segmented 
nucleus consisting of 2 to 5 lobes constitute 
50-65% of all leukocytes, and nonsegmented 
forms, known as stab or staff cells, make up 
anothei 4-5% In the advent of invasion of 
the body by bacteria that cause fever, the 
number of neutrophils increases markedly 
and promptly These cells are veiy mobile 
and can pass through capillary walls, a process 
called diapedesis, to phagocytize bacteria 
They also transport pathogenic organisms to 
lymph nodes, where other phagocytes assist 
in their destruction, and sometimes cauy por- 
tions of disintegrated red cells back to the 
bone marrow 

The granules in both neutrophils and eo- 
sinophils seem to be lysomes that help to 
digest phagocytized matter, but eosinophils 
are apparently not as active oi sturdy as 


neutiophils Eosinophils phagocytize antigen- 
antibody complexes, and their proportion, 
normally about 1-4% of white cells, is in- 
creased in persons with alleigies and after 
anaphylactic reactions (extreme sensitivity 
to foieign matter) Howevei, the action 
against alleigens does not begin as lapidly 
as does the attack of neutrophils on bactena 
Elevated eosinophil counts also accompany 
paiasitic infections, skin diseases, and blood 
disorders 

Very little is known about the functions 
of basophils, which number only 0 1-0 4% 
of white cells Although they contain hep- 
arm, an acid that prevents clotting, their role 
m the total system conti oiling the coagulation 
of blood or its prevention has not been de- 
tei mined 

All granulocytes aie shoit-lived, circulat- 
ing for durations estimated at between 2 
days and 2 weeks Like erythiocytes, they 
aie destroyed by the reticuloendothelial sys^ 
tern 

Some 20-40% of leukocytes are lympho- 
cytes They exist m the blood in both small 
and laige forms, the former being more nu- 
merous, and they are highly motile cells 
Considerable evidence has accumulated to 
indicate that dunng gestation and early in- 
fancy a substance secreted by the thymus 
lenders the lymphocytes capable of making 
the antibodies that produce delayed hyper- 
sensitivity leactions and rejection of tissue 
transplants from othei organisms (Altemeiei 
and Smith, 1965, Berman, 1963, Burnet, 
1962, Dameshek, 1962, 1963, Fichtelius, 
1958a, 1958b, Gitlin, 1964, Goiman and 
Chandler, 1964, Miller, 1964, 1966) There 
may be two populations of small lympho- 
cytes, one arising in the thymus and “seed- 
ing” other lymphoid organs with lmmunologi- 
cally competent cells and a second with 
some diffeient function Two subgroups of 
lymphocytes, not necessarily the same ones, 
have also been distinguished on the basis 
of life-span Some survive for only seveial 
days, while others circulate for 100-200 days 

Monocytes constitute 5 to 10% of the cir- 
culating leukocytes They, too, possess ame- 
boid movement but are less active than neu- 
tiophils or lymphocytes Because monocytes 
are larger than most of the other white cells, 
they can phagocytize whole red cells as well 
as fragments of nuclei and cytoplasm In 
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addition, they may have some function m 
antibody formation The number of mono- 
cytes is increased m the acute phase of rheu- 
matic fever, in active tuberculosis, and m 
the recovery phases of pneumonia and other 
acute infections 

Although the primitive blood cells are be- 
lieved to have the potential to pioduce leuko- 
cytes as well as erythrocytes, very few white 
cells are found in the blood during the meso- 
blastic period (Bloom and Bartelmez, 1940, 
Matsuda, Schroeder, Jones, and Weliky, 
1960, Smith, 1966, Thomas and Yoffey, 
1962, Wmtrobe, 1961) There is some dis- 
agreement as to the time of appearance of 
different classes of white cells and their rela- 
tive proportions during the first half of ges- 
tation According to some older studies 
(Doan, 1932, Knoll, 1949, cited in Smith, 
1966, and in Wmtrobe, 1961, Zanaty, 1934, 
cited in Wmtrobe, 1961), the majority of 
white cells m the blood during the second 
month are myeloblasts and about 25% are 
more mature forms of granulocytes The 
granulocyte count rises to fairly large num- 
bers by the fourth month, at which time the 
first small lymphocytes, like those m adult 
blood, appear More recently, however, Play- 
fair, Wolfendale, and Kay (1963) and 
Thomas and Yoffey (1962) have reported 
that over half of the white cells found in the 
circulation in the second month are lympho- 
cytes, and that their numbers mciease rapidly 
from the tenth to the twenty-fifth week and 
more slowly thereafter Playfair et al (1963) 
detected mature granulocytes m fetuses about 
10 weeks of age with a subsequent steady 
increase, wheieas Thomas and Yoffey (1962) 
state that the small quantity of granulocytes 
did not begin to be augmented until the 
twenty-sixth week 

Granulocytes are found m the yolk sac and 
liver during the hepatic period, and the thy- 
mus produces not only lymphocytes but also 
a few myelocytes Until the fifth month the 
spleen is primarily engaged in the prolifera- 
tion of red cells, but then lymphocyte forma- 
tion becomes predominant 

At birth the total white cell count and the 
absolute counts for each type of leukocyte 
are usually very high, but the relative pro- 
portions are more like those of the adult 
than is true later in infancy (Albritton, 1952, 
Kato, 1935, Smith, 1959, Smith, 1966, Wash- 


bum, 1935, Wmtrobe, 1961, Wolman, 1957) 
An occasional newborn has a total count as 
low as 3600 or as high as 45,000, but the 
range m most samples is 7000-35,000, with 
a mean of about 18,000 Proportions of 
neutiophils, eosinophils, basophils, lympho- 
cytes, and monocytes average approximately 
60, 2-3, 0 5, 30, and 6%, respectively There 
is some evidence that the leukocytes found 
in cord blood show poorer ameboid move- 
ment and phagocytic capability than those 
of adults (Matoth, 1952) 

Almost all investigators have observed a 
prompt increase m the total count (to a 
mean of 20,000-22,000), most classes of 
white cells reaching a lifetime high sometime 
during the first 24 hours Neutrophils rise 
to about* 70%, whereas lymphocytes drop to 
about 20% A peak foi monocytes of 9-17% 
occurs between 3-4 days and 2-3 weeks 
Eosinophils may be relatively low at birth 
and rise to a maximum of 5-6% between the 
first and fourth day (Kato, 1935, Mitchell, 
1955), while the proportion of basophils 
seems to change very little Some myelocytes 
may be present, and young neutrophils (non- 
segmented and bilobed forms) may consti- 
tute as much as 20-40% of the neutrophils 
Between the second and fourth day a 
sharp decline m total count begins and con- 
tinues for a few days to two weeks Then 
a small increase ensues for several weeks or 
months, followed by a slow decline to adult 
levels at puberty or during early adolescence 
Fluctuations m the neutrophil and lympho- 
cyte counts are lesponsible for this curvi- 
linear tiend, for the numbers of other white 
cells decline gradually The outstanding de- 
velopmental trend is a reversal m the relative 
proportions of these cells After the immedi- 
ate postnatal increase, the total numbers of 
neutrophils decline for a week or two and 
then rise gradually to the adult value some- 
time between mid-childhood and puberty 
The percentage of neutrophils, however, de- 
clines from its early peak of about 79% to 
a low of 39-32% between the second week 
and the sixth month, rising to the adult 
proportion by late childhood or early adoles- 
cence At the same time the lymphocyte 
count follows the pattern of the total white 
cell curve, but the proportions are almost 
the inverse of those for neutrophils From 
a minimum of about 20% at the end of the 
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first day, the percentage of lymphocytes in- 
creases to appioximately 60% by 2 weeks to 
6 months, then decreases gradually to the 
adult level of about 30% between mid-child- 
hood and puberty 

Changes m the availability of oxygen 
would not be expected to influence the neo- 
natal white cell count, since vanations m 
altitude have little effect on adult counts 
(Smith, 1959) In addition, white cells are 
known to require a good oxygen supply for 
their development (Smith, 1966), so a de- 
cline m white cells soon aftei birth cannot 
be explained m terms of an improved oxygen 
supply Although dehydration might produce 
the brief postnatal increase in total white 
cell count, it does not account foi the shifts 
m relative proportions of different types of 
white cells The most reasonable hypothesis 
that has been offered for the latter phenom- 
enon is the transition at birth from a rela- 
tively sterile environment to a germ-filled 
one (Allansmith, 1966, Kato, 1935) An in- 
crease in granulocytes is the typical reaction 
of older persons to infection 

Individual differences m white cell counts 
are greater than those among adults, at least 
until puberty The range is so great during 
early infancy that an elevated white cell 
count is of little diagnostic utility Othei 
aspects of the white cell picture also lack 
the significance they have in adults (Smith, 
1966) Before fat begins to mfiltiate the 
bone marrow, a relatively mild infection may 
result m a disproportionate increase in white 
cell count, and m severe infections my- 
elocytes and metamyelocytes may be releas- 
ed mto the circulation Immatuie lympho- 
cytes appear m the circulation of infants 
and children more often than they do m 
adults, particularly m the presence of chronic 
upper respiratory infections and enlarged 
tonsils, and the blood of completely healthy 
young infants may contain some abnormal 
lymphocytes similar to those found in older 
persons with mononucleosis Children with 
allergies but no other demonstrable illness 
may show eosinophil ratios as high as 25% 
for many years 

Platelets and Coagulation Noimal plate- 
lets are small, nonnucleated bodies of com- 
plex composition and, contrary to earlier 
opinion, high metabolic activity They aie 
formed from pseudopodia (protrusions) that 


break off from the cytoplasm of megakaryo- 
cytes Originally, megakaryocytes are de- 
rived from the primitive blood cells of the 
embryo, as are erythrocytes and granulocytes 
As blood formation shifts from one hemo- 
poietic center to another, megakaryocytes 
appear successively m the yolk sac, liver, 
spleen, and bone marrow (Smith, 1966, Win- 
trobe, 1961) Once the hepatic period is 
well established the number of megakaryo- 
cytes increases The production of platelets 
also begins very early, but it is slow until 
the myeloid period (Windle, 1940) In 
adults megakaryocytes are probably pro- 
duced only m the bone marrow, although 
many are present in the lungs and some m 
the spleen The megakaryocytes m these 
other organs are now assumed to have been 
carried theie after developing m the bone 
marrow, but they retain the ability to form 
platelets 

To prevent blood loss fiom a damaged 
vessel two processes, hemostasis and throm- 
bosis, occur, and platelets participate in each 
m several ways Hemostasis (arrest or escape 
of blood) takes place through contraction 
of the vessel walls and adhesion of their 
surfaces Platelets cariy serotonin, a power- 
ful vasoconstrictor, and release it at the site 
of injury In addition, platelets possess prop- 
erties of adhesiveness and aggregation The 
formation of clumps of platelets along the 
injured vessel wall supplements contraction 
m arteries and arterioles and is even more 
important in helpmg to seal off veins, for 
they are not so well supphed with contrac- 
tile muscle 

Thrombosis or clot formation can be re- 
garded m a somewhat arbitrary fashion as 
consisting of three phases (1) formation of 
plasma thromboplastin (intrinsic prothrom- 
bmase) and tissue thromboplastin (extrinsic 
prothrombinase), (2) conversion of pro- 
thrombin to thrombin, a step which requnes 
both thromboplastin and calcium, and (3) 
combination of thrombin and fibrinogen to 
produce a fibrin clot Plasma thromboplas- 
tin is elaborated more rapidly than is ex- 
trinsic prothrombinase Once the latter has 
begun to form, however, the two mechanisms 
function simultaneously Plasma contains all 
the elements needed to carry out the com- 
plete coagulation sequence, but tissue pro- 
thrombin cannot be converted to thrombin 
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until it has been activated by certain other 
factors in the blood At least twelve different 
“factors” or “principles,” four of which are 
thromboplastin, prothrombin, calcium, and 
fibrinogen, have been implicated m the clot- 
ting process It may be, however, that clots 
can be formed even if one is deficient Plate- 
lets either contain or have absorbed on then- 
surfaces (this alternative curiently seems the 
more likely) a large portion of the factors 
required for coagulation Some of the spe- 
cific activities that have been attributed to 
platelets are participation in the elaboration 
of thromboplastin, acceleration of the con- 
version of prothrombin to thrombin and of 
fibrinogen to fibrin, and neutralization of the 
anticoagulant activity of heparin 

At birth the shape and size of the plate- 
lets are more variable than in older persons 
(Smith, 1966, Tocantins, 1938) Probably 
because of methodological difficulties — no me- 
thod for counting platelets is completely 
satisfactory or entirely consistent from one 
user to another — platelet counts equal to, 
higher than, and lower than those of adults 
have been reported in newborns (Albritton, 
1952, Guest, Brown, and Lahey, 1957, 
Smith, 1966) The weight of the evidence 
suggests average counts at the lower end of 
the adult range increasing gradually to adult 
means by 3 to 6 months (Albin, Kushner, 
Murphy, and Zippin, 1961, Grossman, Heyn, 
and Rozenfeld, 1952, Lameu, Souliei, and 
Mmkowski, 1952, Merritt and Davidson, 
1933) 

For some time it has been known that co- 
agulation is delayed m newborn infants and 
becomes even slower on the second to fourth 
day Neither a quantitative nor qualitative 
deficiency of the platelets per se seems to 
be responsible, however (Smith, 1959) Im- 
maturity of the liver and a “physiologic” de- 
ficiency of vitamin K may well be major 
variables Drawmg on the data of McEl- 
fresh (1961) and of Abalh and deLamarens 
(1962), Smith (1966) has organized a de- 
velopmental table for nine coagulation fac- 
tors Omitted are calcium, of which the 
normal newborn has adequate blood levels, 
thromboplastin (a product of the clotting 
sequence that participates m later phases), 
and the fibrin-stabilizmg factor, which pre- 
vents clots from dissolving m certain solvents 
The cord blood levels of seven of the nine 


factors listed are lower than adult norms 
Of these, six are produced m the liver, m- 
* eluding all four of the vitamin K-dependent 
factors 

During the first few days after birth sev- 
eral factors, prothrombin in particular, are 
reduced below birth values At 14 days four 
of the six liver-produced factors have at- 
tained low normal levels, one is 23-79% of 
the adult norm However, prothrombin may 
not reach adult levels until the end of the 
first year (Plum, 1949), and the plasma 
thromboplastin component (Christmas fac- 
tor) may remam somewhat low, as revealed 
in delayed thromboplastin formation, until 
6 months (McElfresh, Sharpsteen, and Aka- 
bane, 1956) Plasma thromboplastin ante- 
cedent (Factor XI) rises almost to adult 
levels by 2 months (Hilgartner and Smith, 
1965) Fibrinogen, one of the liver-made 
factors not dependent upon vitamin K, de- 
velops less rapidly than some other factors 
in young fetuses (Heikmheimo, 1964), but 
is only slightly low at birth and is normal 
by 3 days The seventh factor deficient at 
birth, one of those involved in thromboplastin 
formation, rises to adult levels by 14 days 

Insufficient reserves, liver immaturity, and 
a bacteria-free intestinal tract all contribute 
to vitamin K deficiency m the newborn in- 
fant With the ingestion of food, not only is 
Vitamin K absorbed, but intestinal flora that 
synthesize this vitamm also develop Admin- 
istration of vitamm K does more to improve 
coagulation m the full-term infant than in 
the premature (Abalh, Banus, deLamerens, 
and Rozenquaig, 1957), but not all coagula- 
tion factors are augmented (Hilgartner and 
Smith, 1965) Feeding cow's milk also helps 
to increase prothrombin levels, because breast 
milk has only about one-fourth as much vita- 
mm K content (Smith, 1959) 

Immunology. The human body has three 
systems for defending itself against patho- 
genic microorganisms (and the toxins that 
some produce), transplants of foreign tissue, 
and allergens (other foreign proteins and 
certain nonprotem substances that cause hy- 
persensitivity reactions) First, barriers such 
as the skin and the mucosal linings of the 
respiratory, intestinal, and urogenital tracts 
and their chemical secretions, m some in- 
stances aided by ciliary action (vibration of 
hairlike processes), help to prevent the entry 
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of invaders Phagocytes, of which the granu- 
lar leukocytes are one group, are another 
line of defense Antibodies constitute the 9 
third system 

In the discussion of white cells the anti- 
body activity of lymphocytes against aller- 
gens and tiansplants of foreign tissue has 
already been mentioned Lymphoid tissues 
also manufacture immunoglobulins, a group 
of structurally related protems, each mem- 
ber of which is an antibody complementary 
to a specific antigen (foreign substance that 
stimulates production of an antibody) In 
contrast to barriers and phagocytes, which 
are species-characteristic, antibody immunity 
is much more idiosyncratic, being acquired 
primarily m response to the particular anti- 
gens to which a person is exposed Isohe- 
magglutimns (antibodies for blood group 
agglutinogens found m the species but not 
in the individual himself) are partial excep- 
tions Some, mainly those for the A and B 
agglutinogens, appear spontaneously, rather 
than requiring the stimulus of a specific anti- 
gen Additional ones may be formed m re- 
sponse to stimulation, however 

Antibodies are carried m the gamma glo- 
bulin fraction of blood proteins Five classes 
of gamma globulins differing m physical, 
chemical, and functional properties have been 
identified Between 80 and 90% of the im- 
munoglobulins in adult blood are of the class 
called gamma G m the recommended inter- 
national nomenclature ( Bulletin of the World 
Health Organization, 1964, Vol 30) At least 
four subclasses of gamma G have been rec- 
ognized, and they are found in interstitial 
fluid as well as m blood Most of the anti- 
bodies to viruses, bacteria, and toxins belong 
to this group of immunoglobulins Some spe- 
cific examples are antibodies to measles, 
mumps, pertussis, poliomyelitis, diphtheria, 
tetanus, and influenza 

Gamma A class makes up 5-15% of adult 
circulating immunoglobulins It includes anti- 
bodies involved m sensitivity reactions and 
the release of histamine, but may be like the 
gamma G class in being heterogeneous m 
both structure and function The major class 
of immunoglobulins m external secretions — 
tears, saliva, secretions of the breast and of 
the respiratory and intestinal tracts — is 
gamma A 

About 5% of the immunoglobuhn popula- 


tion of adult serum is of the gamma M class 
Few gamma M antibodies are found m other 
body fluids Some of the specific antibodies 
m the gamma M class are the lsohemagglu- 
timns, rheumatoid factors, cold agglutinins, 
Wasserman antibodies, and antibodies against 
some of the group of bacteria known as 
gram negative However, protective, although 
very low titers (concentration) of antibodies 
against most antigens have been discovered 
in this class One antigen may be opposed 
by several different antibodies, and m some 
instances m which there are antibodies of 
both gamma M and gamma G classes for 
the same antigen the former are several hun- 
dred times more potent (Robbins, Kenny, 
and Sutter, 1965) 

Two minor gioups of immunoglobulins, 
gamma D and gamma E, have also been 
identified, but virtually nothing is known 
about the functions or development of these 
two classes 

The duration of immunity to different 
types of infections varies with the “memory" 
of the immunological system for the antigen 
m question and with the specificity of the 
pathogen The life span of circulating anti- 
bodies is quite short — gamma G, A, and M 
immunoglobulins have a half-life m serum 
of about 23, 6, and 5 days, lespectively 
However, antibodies for certain microorgan- 
isms and toxins circulate long after recovery 
from the original infection, perhaps because 
some antigen remains in the body In other 
instances an antibody disappears from the 
blood, but if the antigen is later remtioduced 
the speed with which that antibody is pro- 
duced is greater than in the first attack — the 
lymphoid tissue “ remembers” how to make 
it The measles virus is an example of an 
antigen that is both highly specific and to 
which resistance, once acquired, is high for 
very extensive periods of time On the other 
hand, there are hosts of bacteria and viruses 
that cause upper respiratory infections with 
very similar symptoms Young children fre- 
quently have such disorders, but after ex- 
posure to a sufficient variety of the antigens 
usually found in their environments, the in- 
cidence of uppei respiratory infections de- 
creases 

As techniques for the stimulation and de- 
tection of antibody formation have improved, 
three long-held beliefs about the lmmunologi- 
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cal status of the human fetus and young 
infant have been refuted They are (1) the 
infant is immunologically incompetent until 
some months after birth, (2) antigens do 
not pass the placenta, (3) the neonate has 
not developed his blood group Supporting 
these assertions were a number of observa- 
tions The immunoglobulins in the fetal and 
neonatal circulation seemed to be almost en- 
tirely of maternal origin, grafts of foreign 
tissue were rejected less rapidly by newborns 
than by older persons, the response of neo- 
nates to artificial immunization was veiy 
limited, the isoagglutinins m the serum of 
young infants were passively acquired from 
the mother m utero, and the A and B blood 
group agglutinogens were weakei at birth 
than at later ages (see reviews by Evans 
and Smith, 1963, Miller, 1966, Smith, 1959, 
Smith, 1966) None of this evidence has 
been completely contradicted, but additional 
facts have shown that the inferences drawn 
from them were not justified 

From about the twentieth fetal week, 
when lymphoid tissue is established m the 
spleen and lymph nodes — the thymus appeals 
at 12 weeks (Kay, cited m R T Smith, 
1966) — gamma G and M immunoglobulins 
can be detected m the spleen and m a small 
number of cells in the blood (van Furth, 
Schuit, and Hijmans, 1965) The lattei, par- 
ticularly those of the gamma G class, could 
be of maternal origin, because transfer of 
this type of immunoglobulin to the fetus 
begins very early m gestation, increases grad- 
ually until the eighth month, and then seems 
to nse quite abruptly (Pfau, 1954) Good 
evidence for fetal synthesis of gamma G im- 
munoglobulins has been adduced, however 
(Fudenberg and Fudenberg, 1964, Martens- 
son and Fudenberg, 1965), and it is now 
thought that very small amounts aie pro- 
duced thioughout the latter two-thirds of 
gestation (Allansmith, 1966, R T Smith, 
1966) 

Contrary to the widely quoted results of 
Hitzig (1963), those of other investigates 
demonstrate the presence of gamma M im- 
munoglobulins m the serum of almost all in- 
fants at birth, albeit at very low titers — 5- 
14% of adult levels (Allansmith and Buell, 
1964, Franklin and Kunkel, 1958, Fulgimti, 
Sieber, Claman, and Merrill, 1966, West, 
Hong, and Holland, 1962) Such gamma M 


immunoglobulins as are piesent m the fetus 
aie almost entirely self-produced rather than 
being passively acquired from the mother 
(Gitlin, Kumate, Urrusti, and Morales, 1964, 
Kochwa, Rosenfield, Tallal, and Wasserman, 
1961) 

Only rarely have gamma A immunoglobu- 
lins been found to cross the placenta or be 
produced by the fetus (Allansmith, Maloney, 
and Wymer, 1966, Fulgimti, Sieber, Claman, 
and Merrill, 1966) All statements about 
the absence of any class of immunoglobulins 
m any subject should, however, be qualified 
by the adjective detectable, because no assay 
technique is completely sensitive, and tech- 
niques vary m sensitivity For example, the 
minimum levels per 100 ml of seium de- 
tectable by the tests used by Fulgimti et al 
(1966) weie 20-40 mg for gamma G, 4-14 
mg for gamma A, and 6-15 mg for gamma 
M immunoglobulins 

At full-term delivery gamma G levels equal 
to, highei than, and lower than those in the 
maternal serum have been observed All in- 
lvestigators agree that the titers m the in- 
fant's blood begin to decline almost immedi- 
ately, but the lowest point has been reported 
at ages from 3 weeks to 6 months (Allan- 
smith, 1966, Allansmith, Maloney, and Wy- 
mer, 1966, Banett and Volwiler, 1957, 
Bridges, Condie, Zak, and Good, 1959, Hit- 
zig, 1963, Oberman, Gregory, Burke, Ross, 
and Rice, 1956, Orlandim, Sass-Kortsak, 
and Ebbs, 1955, Stiehm and Fudenberg, 
1965, West, Hong, and Holland, 1962) The 
decline occurs because maternal gamma G 
immunoglobulins disappear steadily, and re- 
placement by immunoglobulins synthesized 
by the infant is not sufficiently rapid Active 
production of gamma G immunoglobulins is 
established in most infants by 3 to 6 weeks 
(Allansmith, 1966, R T Smith, 1966)* but 
several more months may be required before 
the supply is large enough to reverse the over- 
all decline in blood levels 

In one large cross-sectional sample aged 
birth to 16 years (Allansmith, 1966), the 
mean gamma G titer was within the lower 
levels of the adult range by the end of the 
first year Increases continued to 18 months, 
when there was a reversal to about the 12- 
month mean which lasted until 3 years 
Thereafter the average titer began to climb 
again and had not reached a plateau at 16 
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years Mean levels more than doubled be- 
tween 24 and 52 weeks in infants observed 
by Fulgimti et al (1966), and by the latter 
age were about three-fourths of the adult 
average Several studies show adult means 
to be approximated between 1 and 7 years 
(Bndges, Condie, Zak, and Good, 1959, 
R T Smith, 1966) 

Among adults the level of gamma A im- 
munoglobulins usually considerably exceeds 
that for the gamma M class, but the reverse 
is true m infants Relative levels shift be- 
tween the third and sixth year Probably 
because of insufficiently sensitive tests, some 
investigators have not detected gamma A 
immunoglobulins m the sera of infants until 
after the third month (Hitzig, 1963, West, 
Hong, and Holland, 1962) However, 23 of 
27 infants tested by Fulgimti et al (1966) 
at 6 weeks had this class of immunoglobulins, 
as did all 21 of the group assayed at 12 
weeks The mean was about 20% of the adult 
level at 1 year In other studies gamma A 
production was found to be well established 
by the end of the first month (Allansmith, 
1966, Allansmith, Maloney, and Wymer, 
1966) Longitudinal observations showed 
the first appearance of this class to be be- 
tween the fifth and twenty-eighth day By 
the end of the first year, the group average 
was about one-fourth of the adult's The 
curve of subsequent increases seems to paral- 
lel that for the gamma G immunoglobulins 
(Allansmith, 1966, Hitzig, 1963, West, Hong, 
and Holland, 1962), although Allansnuth's 
(1966) data strongly suggest an adolescent 
spurt m the gamma A titers of girls 

That the greatest proportion of the post- 
natal increase in gamma M immunoglobulins 
occurs during the first year is a generaliza- 
tion supported by all the data available A 
rapid rise during the second and third 
months, with levels above those of adults 
being reached by 6 to 12 months, charac- 
terizes some observations (Hitzig, 1963, R 
T Smith, 1966, West, Hong, and Holland, 
1962) From cross-sectional sampling at birth 
and at 6, 12, 24, and 52 weeks (Fulgimti 
et al, 1966), a marked increment between 
birth and 6 weeks and a more gradual rise 
thereafter to somewhat over 50% of the adult 
mean by 52 weeks would be inferred Fre- 
quent longitudinal sampling (Allansmith, 
Maloney, and Wymer 1966) yielded a group 


curve that was positively accelerated during 
the first week Following much slower in- 
creases m the second week and little change 
m the next two, a decrease ensued at the 
end of the first month Most individual 
curves, however, were stephke m pattern, 
plateaus alternating with steep rises Allan- 
smiths (1966) cross-sectional data also show 
a drop m gamma M immunoglobulins at 
about 30 days The titers then rise to adult 
levels by 10-12 months and even higher by 
about 2 years Another decline seems to take 
place sometime between 2 and 4 years West, 
Hong, and Holland (1962) also report a 
decrease between the first and fourth year 
From 4 to 16 years the means fluctuate ir- 
regularly with no real trend 

The immunoglobulin levels of infants are 
generally far less stable than those of adults 
(Allansmith, 1966) Even though the adult 
responds to antigens, synthesis of new anti- 
bodies seems to be balanced by the disap- 
pearance of old ones At least m part the 
fluctuations m infants may result from com- 
petition for the antibody activity of an im- 
mature system, that is, synthesis of one class 
of immunoglobulins is curtailed when pro- 
duction of another rises 

In addition to assays of classes of immuno- 
globulins, there is also a considerable body 
of data on the specific antibodies to be found 
m the circulation at birth, Smith (1959) 
provides a good review of this literature 
Given adequate concentrations in the mater- 
nal blood, the fetus acquires antibodies to 
diphtheria and tetanus toxins and to the 
viruses causing measles, mumps, poliomyeli- 
tis, and Cocksackie infection which continue 
to provide protection for as long as 6 to 12 
months after delivery Passive immunity of 
shorter duration has been demonstrated to 
streptococcal and staphylococcal infections, 
influenza and typhoid “H” bacilli, and to 
pneumococci If the mother receives large 
injections of diphtheria toxoid or pertussis 
(whooping cough) vaccine dunng preg- 
nancy, the fetus itself seems to produce anti- 
bodies as well as to receive larger quantities 
from the mother Apparently neonates are 
fairly susceptible to pertussis because mater- 
nal antibodies usually are low rather than 
because this antibody cannot pass the pla- 
centa 

The relative resistance of die placenta to 
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the transfer of gamma M immunoglobulins 
is reflected in the low blood titers of the 
newborn for antibodies to typhoid “O” ba- 
cillus, epidemic dianhea, and other intestinal 
infections caused by bacteria of the E coh 
strain On the other hand, the fact that this 
class of immunoglobulins does not easily pass 
the placenta serves to protect the fetus to a 
considerable extent from hemolytic disoiders, 
because isoagglutinins for the A and B blood 
group antigens and the saline (“complete” 
or “agglutinating”) type of Rh antibodies 
are earned by gamma M immunoglobulins 
The “incomplete” or “blocking” Rh antibodies, 
which are transferred more readily, are of 
the gamma G class 

Unfortunately, the placenta is not com- 
pletely impermeable to maternal lsohemag- 
glutimns, nor, contrary to assertions in even 
current reviews, is the human infant incapa- 
ble of synthesizing “natural” A and B ag- 
glutinins until the third to sixth postnatal 
month Low levels of anti-A or anti-B or 
both types of salme-active isohemagglutmins 
were detected m the cord sera of 148 of 250 
newborns examined recently (Thomaidis, 
Fouskans, and Matsaniotis, 1967) As should 
be the case, no isohemagglutmins weie found 
in the cord sera of 50 infants with O blood 
type Of those infants who did have A or 
B agglutinins, the source could not be deter- 
mined m 130 cases Ten had lsohemagglu- 
tmins appropriate to the maternal blood type 
but not to their own Such instances of ABO 
isoimmunization by placental passage of ma- 
ternal agglutinins have been reported previ- 
ously (Morville, 1929, Smith, 1928, Tovey, 
1945) Heretofore it has been assumed that 
all cases of hemolytic disorder resulting from 
fetal-maternal blood group incompatibilities 
or from failure to match bloods befoie tians- 
fusmg neonates arose in this way Another 
eight infants, however, had A or B agglu- 
tinins that could not, because of fetal-mater- 
nal differences in blood type, have been of 
maternal origin 

The appearance of A and B lsoagglutmo- 
gens early an the Second fetal month with 
subsequent increases m levels was established 
some years ago (Levine, Burnham, Katzm, 
and Vogel, 1941, Smith, 1928) Rh, M, N, 
C, D, and E agglutinogens have also been 
identified late in the second prenatal month 
(Bomstem and Israel, 1942, Chown and 


Lewis, 1948) The strength of the A antigen 
increases maikedly during the fiist five post- 
natal months and more gradually thereafter, 
approximating adult levels by 2 to 4 years 
(Grundbachei, 1964) There are also definite 
variations m the strength of the A antigens 
and the A x and A 2 subtypes (Giundbachei, 
1965) Other antigens have not been as well 
studied, but it has been asserted that the B 
antigen in fetal eiythiocytes is also not as 
potent as at later ages (Giundbacher, 1964) 
Nevertheless, the newborn “has a blood 
type,” and the Grundbacher study suggests 
that neonates are also able to pioduce iso- 
hemagglutmins 

Although both the fetus and the newborn 
have been shown to be immunologically com- 
petent, the neonate may not react as ade- 
quately as oldei childien to antigens m terns 
of eithei the quantity of antibodies produced 
or the speed of proliferation It has been 
reported that responses to smallpox vaccina- 
tion and to immunization foi pertussis and 
diphtheria are not as good during the early 
postnatal months as latei However, the prob- 
lem of pool lesponse is largely eliminated 
if a sufficiently potent smallpox vaccine is 
used (Espmark and Rabo, 1965) In diph- 
thena immunization there seems to be an 
age diffeience m the effectiveness of different 
types of antigens (Smith, 1959) Imma- 
turity of the immunological mechanisms is 
one possible factor limiting the response of 
young infants to antigens Howevei, the pre- 
mature infant may become immunologically 
competent at about the same late as the 
full-term one (Uhi, Dancis, and Neumann, 
1960), suggesting that environmental factois, 
that is, the extent of exposure to antigens, 
may be more influential (Miller, 1966) 
Complications are posed by the fact that 
upon leaving the uterine environment the 
infant is suddenly exposed to a flood of anti- 
gens competing for the antibody activity of 
an underdeveloped, or at least relatively 
unpracticed, system Immunity acquired 
from the mother prenatally may also interfere 
with the infant’s responsivity However, 
breast milk offers no significant protection 
to the human infant (Smith, 1959) and 
hence may be inferred not to constitute an- 
other possible source of inhibition to anti- 
body synthesis by the infant himself 

Although the fetus is considered to be 
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shielded from infectious agents, clinical data 
indicate the presence of fetal disease not 
only m cases of placental pathology but also 
when the placenta is apparently normal 
(Smith, 1959) The filterable viruses m par- 
ticular seem to pass the intact placenta In- 
fants have been bom with signs of measles, 
mumps, chickenpox, smallpox, and poliomy- 
elitis or have developed the disease so soon 
after delivery that it must have been con- 
tracted prenatally when there was no sign 
of placental damage The mother, however, 
had had the infection during pregnancy 

CIRCULATION 
Course of Circulation 

Between the beginning of the fourth week, 
when the embryonic circulation is estab- 
lished, and the end of the second month, 
when the state prevailing dm mg the remain- 
der of gestation is reached, many innova- 
tions and renovations take place in the cardio- 
vascular system Several were mentioned m 
the precedmg section and a few more, neces- 
sary to the understanding of the fetal circula- 
tion, will be described here There is also a 
brief neonatal transition period during which 
the course of the fetal circulation, dia- 
grammed schematically m Fig 1, is con- 
verted to the postnatal condition sketched 
m Fig 2 General circulation m the adult 
will be outlined fiist to facilitate apprecia- 
tion of the differences between it and the 
prenatal version and of the transitions that 
must be made after birth 

Deoxygenated venous blood returns fiom 
the systemic circulation (the greater part of 
the circulatory system, excluding the pulmon- 
ary circulation) through two large veins, the 
superior vena cava (serving the head and 
arms) and the inferior vena cava (serving 
the trunk and legs) It enters both the right 
atrium and the right ventricle, since the valve 
between the two chambers is open Then 
the atnum contracts, forcing more blood 
through the open valve into the ventricle, 
which becomes distended as this extia blood 
is added to that already in the ventricle 
from passive filling Next the ventricle con- 
tracts, and blood moves behind the cusps 
of the valve between atrium and ventricle, 
closing it, so blood is driven through the 


valves opemng into the pulmonary artery 
The pulmonary artery divides into two 
branches, one to each lung After giving up 
carbon dioxide and taking up oxygen m 
the capillaries surrounding the alveoli of the 
lungs, the blood returns through veins that 
unite to form larger veins and finally reaches 
the left atrium through one of the two pul- 
monary veins The left atrium contracts, fenc- 
ing blood through the open valve into the 
left ventricle Blood then closes this valve m 
the same manner m which it closes the valve 
between the right atrium and ventricle, so 
that when the left ventricle contracts blood 
is forced through the open valve into the 
aorta, and on through the systemic circula- 
tion Of course, these processes go on simul- 
taneously, all parts of the heart and circula- 
tory system being m almost constant action 

Figure 1 shows five structures that alter 
the course of the circulation in the fetus — 
the foramen ovale, ductus aterenosus, ductus 
venosus, umbilical vem, and umbilical ar- 
teries As noted in the pieceding section, 
the original pair of umbilical veins coalesces 
into one Duung most of gestation the circula- 
tory system consists of two distinct arcs of 
afferent and efferent vessels — the mtraembry- 
omc or systemic and the extraembryonic, the 
vitelline arteries and veins running to and 
from the yolk sac have by this time been 
abandoned All sets of channels have m com- 
mon a receiving and pumpmg oigan, the 
heart, and a primary distributing vessel, the 
aorta 

During fetal life most of the blood entei- 
ing the right atnum comes from the superior 
vena cava The major portion of blood com- 
ing up the inferior vena cava is detoured 
through the foramen ovale directly into the 
left atrium, which is closer to the mferioi 
vena cava than it is m the adult A projec- 
tion of the anterior rim of the foramen ovale, 
the cnsta dividens, diverts some of the flow, 
but probably more important is the prox- 
imity of cava and atrium and the fact that 
the pressure on the caval side of the valve 
is greater than that in the left atrium Al- 
though the location of the foramen ovale in 
the fetus was correctly pictured by Barclay, 
Franklm, and Prichard (1944) and by Bar- 
croft (1946) several decades ago and, in- 
deed, four centuries ago by Fabncius (trans- 
lated by Adelmann, 1942), most descriptions 
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(3) = Valve of 
foramen ovale 



Fig 1 Fetal circulation 


and diagrams place this valve m its eventual 
postnatal position between the right and left 
atna The student should not be misled by 
the frequent repetition of this error An ex- 
cellent diagram by Born, Dawes, Mott, and 


Widdicombe (1954), reproduced m a num- 
ber of articles in which the placement of 
the foramen is misstated, illustrates the true 
position clearly 

A smaller part of the inferior caval stream, 
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some of which may be blood eddying back 
from the foramen ovale, goes on to enter the 
right atrium along with the blood returned 
from the upper end of the fetus in the su- 
perior vena cava Not all the blood that flows 
from the right ventncle into the pulmonary 
artery actually reaches the lungs and leturns 
to the left atrium Because the lungs must 
be nounshed while unexpanded and non- 
functional, a small amount takes this adult 
course More blood starts along the route 
than the unexpanded lungs can accept, how- 
ever, and a shunt, the ductus artenosus, 
permits a substantial amount to bypass the 
lungs and go directly into the aorta As the 


lungs increase in size, so does the pulmonary 
circulation, but throughout the fetal penod 
it remains very slight relative to the post- 
natal flow 

The foramen ovale and the ductus arteri- 
osus provide mechanisms whereby the loads 
on the different parts of the heart are kept 
approximately balanced While the lungs are 
small very little flow through the right ven- 
tricle would be possible if the bypass offered 
by the ductus arteriosus did not exist With 
an mci easing pulmonary circulation less blood 
needs to be shunted, more returns to the 
left atnum from the lung, and the amount 
of blood passing from the inferior vena cava 



Fig 2, Postnatal circulation 
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to the left atrium by way of the foramen 
ovale declines The approximate equalization 
of pumping load means that muscle on both 
sides of the heart is stimulated to develop 
If there were no shunt such as that through 
the ductus arteriosus, the right ventiicle 
would be less well piepared for the work it 
must perform as soon as breathing expands 
the lungs and the pulmonary circulation in- 
creases dramatically 

Blood coming into the left atrium from 
the lungs and through the foramen ovale is 
ejected into the left ventricle and then out 
into the aorta, as it is m the adult From 
the aorta it also follows the adult course into 
the systemic circulation, some going to the 
head, neck, and arms via the ascending aozta 
and returning to the right atiium in the su- 
perior vena cava and part going to the trunk 
and legs m the descending aorta and re- 
turning to the left and right atria through 
the inferior vena cava In the fetus, however, 
a large portion of the blood moving down 
the dorsal aorta passes out the umbilical ai- 
tenes to the placenta to give up carbon diox- 
ide and wastes and pick up oxygen and nu- 
trients 

When well-oxygenated blood is bi ought 
back to the fetus through the umbilical vein 
it enters the left side of the liver Here it 
takes one of two paths to the infeiioi vena 
cava The first is mdnect, via the network of 
sinusoids that began to develop when the 
liver first interrupted the course of the um- 
bilical veins The other is a dnect shunt to 
the inferior vena cava, the ductus venosus, 
which formed slightly later as the volume of 
blood m the coalesced umbilical vein be- 
came larger Whether or not blood takes this 
couise has been thought to be detei mined 
by the opening and closing of a sphincter 
at the entrance of the ductus venosus (Bar- 
clay, Franklin, and Pnchard, 1944, Nesbitt, 
1966, Reynolds, 1953, Smith, 1959) How 
constricture would be controlled is not leally 
understood, but innervation by a branch of 
the vagus nerve and responsiveness to shits 
in blood pressure within the umbilical vein 
have been proposed (Reynolds, 1953) If 
a large volume of blood were driven in from 
the placenta, as it is when the uterus con- 
tracts, the sphmctei could close, diverting 
the blood into the vascular network of the 
liver, Temporary storage in the liver would 


prevent a sudden overloading of the heart 
In addition, a decrease m umbilical vein 
piessure could stimulate constriction of the 
sphincter The primary site of resistance to 
flow in the placental cacuit by which pres- 
sure is maintained in the umbilical blood 
vessels is the liver sinusoids rathei than the 
villous capillaries Weie all the blood to by- 
pass the liver, the blood piessure might not 
be sufficient to keep the umbilical channels 
open Contraction of the ductus venosus, 
forcing blood thiough the sinusoids, could 
promote an mciease m pressuie Howevei, 
the histological evidence for a true sphincter 
has recently been questioned (Lind, 1966) 
Before other aspects of the fetal circula- 
tion are considered, let us digress to clarify 
the fact that m the fetus some veins, in par- 
ticular the umbilical, contain more highly 
oxygenated blood than do the arteries Those 
who think of arteries as carrying oxygenated 
blood and veins as bearing deoxygenated 
blood often find this point confusing In fact, 
such a definition is not completely applicable 
even to the adult circulation, foi the portal 
vein, which collects blood from capillanes in 
the digestive tract, takes blood to the liver 
rather than directly toward the heart From 
the liver the blood is collected into anothei 
set of veins and delivered to the inferior 
vena cava An accurate conception of arteries 
and veins that fits all situations is based on 
the direction of flow and the moiphology of 
the vessel walls Arteries cany blood away 
fiom the heart and are well-supported by 
smooth muscle and elastic tissue against the 
high and changing pressures to which they 
are subjected Veins carry blood towaid the 
heart undei relatively constant conditions 
of lower pressure and hence have more non- 
elastic connective tissue m their walls and 
relatively little muscle or elastic fibers This 
definition places the role of the umbilical 
vein m the proper context 

One of the questions that has intrigued in- 
vestigators foi many years is the extent to 
which the better oxygenated blood leturnmg 
to the fetus via the umbilical vein and the 
liver becomes mixed in the inferior vena cava 
and the heart with much less oxygenated 
blood from the systemic circulation The first 
definitive, as well as quantitative evidence 
came from a classic series of studies on the 
oxygen saturations of blood in the primary 
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vascular channels of the fetal sheep ( Kellogg, 
1930, Barclay, Franklin, and Prichard, 1944, 
Barcroft, 1946) Later work (Dawes, Mott, 
and Widdicombe, 1954, Assail and Morris, 
1964b, Romney, 1966) refined the gas anal- 
ysis approach and added information from 
high-speed cineangiocardiograms of human 
and other fetuses (Lmd and Wigehus, 1954, 
Reynolds, 1953, Cassels, 1966) The latter 
technique involves injecting contrast material 
into the blood so that its movement can be 
visualized m a cinematic X-ray Although 
much of the lesearch has been done under 
conditions that must be labeled “unphysio- 
logic” — human data have been obtained 
largely from nonviable fetuses, lower animals 
have undergone anesthesia, removal from 
the uterus, and manipulation of the highly 
sensitive umbilical vessels and maternal and 
fetal tissue — the results from many sources 
are remarkably coherent No quantitative 
data from direct measurements of oxygen 
saturation in utero are available for human 
beings, but the picture of blood flow pattern 
drawn from angiograms differs only m de- 
gree, for example, in the amount of flow 
through a particular region, from that m 
other species In the following description 
figures m parentheses refer to aveiage oxygen 
saturations m the fetal lamb (Bom, Dawes, 
Mott, and Widdicombe, 1954) 

The blood carried to the liver in the um- 
bilical vein is the most highly oxvgenated 
(80%) of any in the fetal body Contrary 
to assertions m the older literature, a con- 
siderable amount of it is shunted directly 
into the inferior vena cava through the duc- 
tus venosus Upon entry it is combined, to 
an extent still undetermined, with the smaller 
venous return of poorly oxygenated blood 
(26-27%) coming from the sinusoids of the 
liver in the hepatic portal vein and from other 
veins draining the trunk and legs Most of 
this mixed but still relatively highly saturated 
(6 7%) inferior caval stream passes through 
the foramen ovale into the left atrium, as 
noted A smaller stream moves on to the 
right atnum, there to join the blood of low 
oxygen saturation (31%) returning via the 
supenoi vena cava from the head, neck, and 
arms It is this mixture of moderately oxy- 
genated blood (52%) that flows from the 
right ventricle into the pulmonary artery 
Some reaches the lungs and returns to the 


left atrium, mixes with the more highly oxy- 
genated blood that entered it via the foramen 
ovale, and passes on to the left ventricle and 
thence out the aorta to artenes feeding the 
cephalic end of the fetus The oxygen satura- 
tion (62%) of the blood m the ascending 
aoita is only slightly lower than that of in- 
ferior caval blood entering the left atrium 
through the foramen ovale (67%) 

At the point where the ductus arteriosus 
merges into the aorta, the remaining, larger 
portion of blood ejected fiom the right ven- 
tricle is also combined with more highly 
saturated blood following the course fiom 
left atnum to left ventncle to aorta This 
mixtuie flowing down the descending aorta 
to the trunk, legs, and placenta is a little 
less oxygenated (58%) than that in the as- 
cending aoita Recently the concept of a 
differential m the oxygen pressures of the 
two systemic circuits has been challenged 
(Kaiser, 1966) But others maintain that 
vital organs such as the heart and brain are 
protected by a good oxygen supply at the 
expense of less essential tissue (Reynolds, 
1953, Cassels, 1966) Given that physiologi- 
cal mteractions are far moie important m 
controlling the course of circulation than is 
the mere anatomical existence of shunts, it 
is not surpnsmg that disci epancies exist both 
m data and m their interpretation Relatively 
slight changes m heart rate, velocity of blood 
flow, and relative pressures (such as might 
occui either normally or m lesponse to ex- 
penmental manipulations) can modify the 
distribution of blood and hence its oxygen 
saturation m a particular channel at any point 
in time 

Physiological vanables aie also pnmary 
in the transformation of the fetal circulatory 
system to an adult one Within moments 
after birth the normal infant becomes an 
air-breathing creature, his connection with 
the placenta is severed, and the transition 
to the adult type of circulation begins Yet 
anatomical closure of most of the special fetal 
channels is quite slow How soon these sev- 
eral channels close, anatomically and physi- 
ologically, and how closure is bi ought about 
are issues that have long concerned both 
basic scientists and clinicians Persistent pa- 
tency of the ductus arteriosus, for example, 
is one of the most frequently occurring con- 
genital heart disorders and probably plays 
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a part in the serious and baffling syndrome 
known as idiopathic respiratory distress The 
complex of factors involved m expansion of 
the lungs requires detailed and separate 
consideration Here we shall stress only the 
role of pulmonary changes m functional con- 
trol of the transitional circulation 

Whether or not the infant breathes, sup- 
port by the placenta is shoit-lived, for its 
pulsations soon cease even if no one cuts 
and ties the cord The umbilical cord of 
man has no sphincter such as is found in 
some other species, but its vessels are sup- 
plied with smooth muscle — the arteries bet- 
ter than the vein Constriction of human 
umbilical vessels has been observed m le- 
sponse to a variety of mechanical, thermal, 
and chemical stimuli The portion of the 
coid within the uterus may be compressed 
In addition, sponging or simply handling the 
cord initiates contractions m both directions 
from the site of lrntation Following an easy 
delivery, m which intrauterine compression 
may be assumed to have been minimal, and 
with little handling of the cord, blood may 
flow in the umbilical vessels for several min- 
utes (Stembra, Hodr, and Janda, 1965) On 
the other hand, blood flow continuing foi 
more than a few minutes is indicative of 
some abnoimality m the tiansitional circula- 
tion (Desmond, Kay, and Megarity, 1959) 

Cooling, which takes place when the in- 
fant leaves the maternal body and is aug- 
mented by evaporation in air, also stimulates 
constriction of the umbilical vessels From 
experiments in which coid blood has been 
perfused with oxygen or with drugs such 
as adrenaline and noradrenaline, it has been 
inferred that both mciease in oxygen satuia- 
tion subsequent to bieathing and secietion 
of catecholamines in response to the stress 
of birth produce vasoconstnction (Nyberg 
and Westm, 1957, Pamgel, 1962, Smith, 
1959) 

Whatever the mechanism responsible for 
cessation of blood flow m the cord mav be, 
elimination of the placental circuit has 
maiked effects on the neonatal cuculation 
The vast vasculai plexus of the placenta le- 
ceives as much as half of the total cardiac 
output of the fetus- When this circulatory 
arc is removed, the venous return through 
the mfenoi vena cava to the heart is reduced, 
as is the pressure m this channel and the 


force of blood against the foramen ovale 
Breathing usually begins even before cord 
pulsations cease, and the expansion and ven- 
tilation of the large vascular bed of the 
lungs decrease pulmonary resistance With 
an increase in blood flow to the lungs there 
is also, of course, a greater venous return 
to the left atrium The changes m both the 
placental and pulmonary circulations alter 
pressure relationships between the right and 
left atria Instead of the pressure being higher 
on the right side, as it was m the fetus, it 
becomes higher on the left The hemody- 
namic balance which made for a right-to-left 
shunt through the foramen ovale shifts to 
a left-to-right pressure gradient serving to 
hold shut the valve of the foramen ovale 
During fetal life the two sides of the heart 
are at least equally well developed, and the 
right ventricle may be larger than the left 
(see below) In the early postnatal period, 
however, the weight of the right ventricle 
declines, while the muscle of the left in- 
creases markedly The difference in the 
thickness and thus the elasticity of the walls 
of the two ventricles may also help to main- 
tain greater pressure in the left atrium 
Although a high degree of functional clo- 
sure is achieved within a few minutes after 
respiration is established, a small amount of 
nght-to-left — that is, fetal — shunting, has 
been shown to continue for up to eight days 
m a large proportion of normal human neo- 
nates (Lmd and Wegelius, 1954, Prec and 
Cassels, 1955, Condorelli and Ungan, 1960) 
Because functional closure depends upon 
pressure relationships, and these m turn de- 
pend in part upon pulmonary blood flow, 
the potential for reversion to the fetal con- 
dition exists Both reversal of flow and failure 
of functional closure have been observed in 
asphyxiated newborns (Lind and Wegelius, 
1954, James, Burnard, and Rowe, 1961), 
but such right-to-left shunts do not, m and 
of themselves, seem to have the detrimental 
effects m infancy that a patent ductus arteri- 
osus does However, closure m utero does 
give rise to enlargement of the heart and 
congestive heart failuie (Naeye and Blanc, 
1964) Noimally, anatomical closure starts 
within a few days after birth, as the valve 
begins to adhere to the rim of the foramen 
ovale and clots form m the hole or holes in 
the valve, but very often never becomes 
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complete Scammon and Norris (1918) ob- 
served incomplete anatomical closure in 50% 
of children under the age of 5 years and 
25% of persons ovei 15 or 20 years old 
Postmortem data do not necessanly reflect 
accurately the normal couise of closure, but 
they are oui primary source of information 
Removal of the placental circulation obvi- 
ously terminates the flow of blood through 
the ductus venosus from the umbilical vein 
Nevertheless, if this channel remained open, 
liver function might be impaired because 
blood coming to the livei m the poital vein 
was diverted dnectly into the inferior vena 
cava Because the ductus venosus is so inac- 
cessible anatomically, relatively little is known 
about its closure or the consequences of its 
patency Autopsy data (Scammon and Nor- 
ris, 1918) indicate that anatomical closure 
takes place much eailier and moie regularly 
than foi the ductus arteriosus and foramen 
ovale — complete closure is repoited m 40% 
of cases by 1 month, about 75% by 6 weeks, 
and approximately 100% by 2 to 3 months 
Studies in which dyes or radio-opaque sub- 
stances were injected suggest that functional 
closure is essentially accomplished within 
1-3 hours aftei delivery (Jegier, Blanken- 
ship, and Lind, 1963) but may not be com- 
plete for 1 or 2 days (Peltonen and Hir- 
vonen, 1965) Since the existence of a tiue 
sphincter at the entrance of the ductus veno- 
sus has been questioned (see earlier discus- 
sion), the mechanism of functional closure 
is a matter of conjecture 

Much more is known about the time and 
manner of closing of the ductus arteriosus 
This is a very laige vessel — almost equal in 
size to the aortic aich of the full- term fetus, 
and the results of its failure to close are 
serious For these reasons, the ductus arteri- 
osus has attracted attention at least since 
the time of Galen and has been the subject 
of a considerable proportion of the large 
body of research on the tiansitional circula- 
tion that has accumulated dunng the last dec- 
ade Most of the earlier studies were of an- 
atomic closuie (Geraid, 1900, Schaeffer, 
1914, Noback and Rehman, 1941, Jager and 
Wollenman, 1942), but it was understood by 
the end of the last century that while this 
process ordinarily required some months, 
physiologic closure took place quite rapidly 
(Gerard, 1900) 


The mechanism for functional closure is 
conti action of the smooth muscle m the wall 
of the ductus, and constricture is also the 
chief means by which the middle portion of 
the ductus closes anatomically, although 
thrombosis plays a part At each end, oc- 
clusion takes place through thickening of 
the tissue Eventually the ductus becomes 
a fibrous ligament According to Scammon 
and Noins (1918), the incidence of com- 
plete anatomic closure is low dunng the first 
month, rises to about 50% by 2 months, and 
is about 90% by the end of the first year 
Christie (1930) reported only 12% patency 
at 2 months and 1% at 1 year 

Work utilizing cmeangiographic, indicator 
dilution, and oxygen analysis techniques (in- 
cluding impioved polarography) and elec- 
tromagnetic measures of blood flow has made 
it clear that although this vessel contracts 
very soon after breathing begins, blood may 
flow thiough it in either or both directions 
for as many as 8 days (Eldridge and Hult- 
gren, 1955, Adams and Lind, 1957, Rowe 
and James, 1957, Burnard, 1958, 1959, Con- 
dorelli and Ungan, 1960, Sahng, 1960, Moss, 
Emmanouilides, and Duffie, 1963, Assail and 
Morris, 1964a, Jegiei, Blankenship, Lind and 
Kitchm, 1964, Gessner, Krovetz, Benson, 
Prystowsky, Stenger and Eitzman, 1965) 
The direction and volume of blood shunted 
is influenced by so many variables that the 
course and timing of functional closure can- 
not be specified precisely In general, the 
normal pattern is quite prompt but incom- 
plete constricture, with some flow continuing 
in the fetal direction (right-to-left) for an 
hour or so, followed by bidirectional shunt- 
ing for about another 6 hours, then left-to- 
nght shunting for a half day or more, and 
finally complete physiological closure Pres- 
suie changes like those undei lying functional 
closure of the foramen ovale accompany the 
reversal m direction of flow through the duc- 
tus arteriosus Before delivery, the pressure 
m the pulmonaiy arteries is greatei than that 
in the descending aorta Breathing lowers 
pulmonary vascular resistance, while removal 
of the placental vascular bed increases re- 
sistance in the systemic circuit Hence the 
pressure m the pulmonary artery becomes 
somewhat lower than that m the aorta At 
first flow through the ductus arteriosus may 
be bidirectional, for crying, coughing, and 
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the like, can cause tempoiary piessure shifts 
that reverse the flow to the feta! direction 
However, as constrictuie of the ductus be- 
comes greater and pulmonary artenal pres- 
sure continues to diop, the flow becomes 
completely left-to-right before ceasing 

Results from both m vivo and in vitro 
experiments support the hypothesis that the 
primary stimulus for functional closure is 
an increase in oxygen tension (Bom, Dawes, 
Mott, and Renmck, 1956, Assail, Morns, 
Smith, and Manson, 1963, Kovalcik, 1963, 
Adams, Moss, and Emmanouilides, 1966) 
There is also indirect evidence from observa- 
tions on dehvenes at high altitudes ( Alzamora 
et al , 1953, Alzamora-Castro, Battilana, 
Abugattas, and Sialei, 1960, Penaloza et al , 
1964) and on premature (Powell, 1963, 
Moss, Emmanouilides, Retton, Higashmo, 
and Adams, 1965) and full-term neonates 
with respiratory distress syndrome (Record 
and McKeown, 1953, Rudolph, Auld, Go- 
knko, and Paul, 1961) These conditions are 
associated with an above average incidence 
of low oxygen saturation, patent ductus ar- 
tenosus, and bidirectional shunting 

The ductus is also responsive to adrena- 
line and noradrenaline (Kennedy and Clark, 
1941, 1942, Kovalcik, 1963) Apparently a 
direct response to chemical stimulation un- 
derlies the reactions to oxygen and these 
catecholamines, for the ductus arteriosus is 
not known to have autonomic innervation 
(Boyd, 1941) After several hours, the duc- 
tus loses its sensitivity to oxygen and fails 
to dilate if the oxygen saturation of the 
blood drops 

The effects of patent ductus arteriosus 
range from an almost complete lack of symp- 
toms to labored breathing, congestive heart 
failure, and death, depending m large meas- 
ure upon the extent to which the channel 
remains open and the presence of complica- 
tions (Keith, Rowe, and Vlad, 1967) Sus- 
ceptibility to fatigue is very common, par- 
ticularly in younger children, and may in 
some instances help to prevent overexertion 
and more serious effects Among the more 
severely impaired, growth failure, respira- 
tory infections, and heart murmurs are the 
most frequent symptoms, and the incidence 
of heart enlargement is fairly high When 
surgery is delayed beyond the age of three 
years, growth retardation often continues, 


even in relatively mild cases Slow growth, 
respiratory difficulties, and enlargement of 
the heart aie not, of couise, unique to patent 
ductus arteriosus This syndiome is typical 
of any disorder that results in a poor supply 
of oxygen to the tissues 

Statistics on the incidence of disease can- 
not be accepted at face value, because of 
variations m the adequacy of diagnosis, re- 
porting, and follow-up Further, in mortality 
data, death is attributed to one cause, al- 
though the occurrence of multiple disorders 
is common For example, figures on neonatal 
mortality show respiratory disease as the 
leading cause of death, while cardiac disease 
usually ranks about fifth, but the latter is 
often a complication of the former Congeni- 
tal heart disease is known to account for 
the largest proportion of cardiac disorders m 
children, and recent studies indicate a much 
highei incidence than was formerly believed 
to exist (Keith, Rowe, and Vlad, 1967) 
Current figures, which may still be too low, 
show over eight cases of congenital heart 
disease pei thousand births If stillbirths are 
excluded, the number drops to six or seven 
per thousand However, many of these chil- 
dren succumb during the first year, particu- 
larly dunng the first month 

Given the intricacy of the circulatory sys- 
tem which is developed during gestation, the 
complexity of the circulatory adjustments 
to be made at birth, and the hazards im- 
posed by delivery, it is perhaps surprising 
that most neonates make the transition from 
fetal to adult circulatory patterns so well 
In a large majority, the system functions 
essentially as an adult one withm about three 
hours after birth, despite the potential for 
some reversals during the first week or so 
and anatomical differences of longer dura- 
tion 

Heart and Blood Vessels 

Because modifications m work load are 
quite promptly i effected in the musculature 
of the region of the heart affected, the 
marked developmental changes which occur 
in the size and form of the heart are of 
particular interest In all species that have 
been examined the walls of the ventricles 
are about equal in weight until fanly late 
in gestation, but soon after birth the left 
ventricle begins to grow more rapidly than 
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the right and remains larger theieafter Data 
on relative size during the interval between 
these two periods aie much less consistent, 
particularly for the human being Whether 
the discrepancies arise from tiue species dif- 
ferences, variations m method, or from ab- 
normalities associated with the cause of death 
m man has not been determined 

Equal weights (Keen, 1955) and greatei 
weight of the left ventricle (Brock, 1954) 
at term have been reported for human in- 
fants However, more studies, especially 
recent ones, indicate a larger weight gain 
for the right ventricle from the sixth or sev- 
enth fetal month, with as much as a 33% 
difference m the full-term newborn (Patten, 
1933, Emery and MacDonald, 1960, Hort, 
1955, 1966) In addition, other kinds of data 
suggest greater development of the right ven- 
tricle in the perinatal period The total size 
of the transverse sections of blood vessels 
leading to and from the right heart exceeds 
that for the left m the neonate (Patten, 
1930/31), and Hort (1966) cites evidence 
for a greater capacity of the neonatal right 
ventricle when filled Also, the most obvious 
feature of the late prenatal and early neo- 
natal electrocardiogram is right ventricular 
preponderance (see discussion of Electro- 
cardiogram) 

According to some investigators (Brock, 
1954, Emery and Mithal, 1961), there is 
no absolute loss m the weight of the right 
ventricle, only a slower rate of gam than is 
characteristic of the left ventricle But the 
preponderance of evidence (Keen, 1955, 
Hort, 1955, 1966, Recavarren and Arias- 
Stella, 1964) supports Mullers (1883) early 
finding of real atrophy Both Keen (1955) 
and Hort (1955) find a very considerable 
decrement in weight during the first month, 
followed by a smaller loss in the second month 
to a minimum of about 20% of birth weight 
Shortly, a slow gam ensues, so that the right 
ventricle regams its birth weight sometime 
between 6 and 12 months 

Accepting the pattern of developmental 
changes in the human ventricles presented 
by recent studies, Hort (1966) marshalls 
rather convincing physiological hypotheses 
to explain the changes observed He assumes 
that “the growth or atrophy of the heart 
muscle is regulated through the systolic force 
of tension that the muscle fibers develop by 


their contraction” (1966, p 210), and sug- 
gests factois that could modulate the force 
lequired of the two ventricles late m gesta- 
tion and after delivery 

The amount of blood reaching the lungs 
from the right ventncle equals the amount 
delivered to the left atrium, and hence to 
the left ventricle, at all times However, dur- 
ing the fetal period the volume of blood 
entering the ductus arteriosus fiom the nght 
ventricle may not always be the same as that 
passing through the foramen ovale into the 
left heart Hort (1966) argues foi such a 
difference during the latter part of gestation 
Because the growth rate of the foramen ovale 
decreases relative to that of the fetus as a 
whole, the amount of blood that can be 
shunted through the foramen ovale may not 
keep pace with the volume coming to the 
right heart in the superior and inferior vena 
cavae More blood would then flow into the 
right ventncle If the amount shunted 
through the ductus arteriosus now exceeds 
that reaching the left heart through the fora- 
men ovale, the stroke volume of the right 
ventricle will be increased relative to the left 

The reversal m growth rates of the two 
ventricles after birth cannot be accounted 
for by some analogous change m stroke vol- 
ume, Although the volume of blood returning 
from the placenta is eliminated, a greater 
amount reaches the right ventncle from the 
systemic circulation once the foramen ovale 
closes, and with constncture of the ductus 
arteriosus, the stroke volumes of the two 
ventricles become very similar The lesser 
work load of the left ventricle probably stems 
instead from the lowering of resistance m 
the lungs and the consequent drop m pul- 
monary arterial pressure The level of this 
pressure determines the tension that the right 
ventricle must develop to force blood into 
the pulmonary artery 

For a few days after bnth the piessure in 
the pulmonary artery can vary widely, as 
mentioned earlier, but on the average it is 
about equal to the aortic pressure Then it 
falls fauly dramatically and continuously 
until three months, when the mean ratio of 
aortic to pulmonary pressure appioximates 
that of the adult Hort (1966) aligned his 
age curves for the weight of the right ven- 
tricle with piessuie curves (Rowe and James, 
1957) and found them to parallel one an- 
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other closely As will be described latei, the 
decline m pulmonaiy lesistance and piessuie 
is concomitant with a postnatal pattern of 
dilatation and thinning of the small arteries 
in the lungs 

In contrast to the postnatal course of the 
light ventricle, the left ventricle mci eases in 
weight at a rate greater than that of the 
body as a whole The undei lying variable 
may be the nse m pressuie m the general 
circulation which takes place subsequent to 
a very brief drop m the first hour aftei birth 
By about three months of age, the relative 
size and form of the various regions of the 
heart are comparable to those of the adult 

The total weight of the heait at birth con- 
stitutes a larger proportion of body weight 
than it does at most later ages If placental 
weight is taken into consideration, however, 
the ratio of heart to body weight is like that 
of the adult Elimination of the placenta 
reduces the weight of tissue to be served 
by about 15 to 20%, so the ratio increases 
slightly during the first month despite veiy 
little increment in total heart weight (Smith, 
1959, pp 126-128) During the lemamder 
of the first year body weight triples while 
heart weight only doubles, presumably be- 
cause of its initial advantage Thereafter, the 
rate of growth of the heart almost paiallels 
that of the body it must supply with blood 
Between the end of the fiist year and adult- 
hood, the ratio of heart to total weight de- 
clines by about 0 05% m males and 0 10% 
m females (Muller, 1883) 

Although the embryonic and fetal devel- 
opment of vascular channels has been quite 
thoroughly researched (Arey, 1965, Patten, 
1953), surprisingly few data are available 
on the postnatal giowth of the major blood 
vessels In the embiyonic period the arteries 
are relatively large, during the remainder of 
gestation and during childhood, their diame- 
ter becomes progressively smaller m propor- 
tion to the size of the heart and the body , 
as a whole (White House Conference, 1933) 
The decreasing heart arteiy ratio may be a 
factor m the developmental increase of blood 
pressuie (see below) Existing data indicate 
that the absolute growth rate of the aitenes 
postnatally is associated with the weight or 
volume of the regions to which they carry 
blood 

Current concern about infant respiratory 


disorders is reflected m the considerable 
amount of research on the pulmonaiy vas- 
cular bed (Aveiy, 1964, Wagenvoort and 
Wagenvooit, 1966) The walls of the new- 
born's pulmonaiy arteries and arterioles, like 
those of the aorta, are very thick, and the 
pulmonary trunk and mam arteries also have 
a great many elastic membianes In the adult 
the walls of the pulmonary trunk are much 
thmnei than those of the aorta and have 
little elastic membiane Differences between 
the adult and the fetus and newborn in the 
thickness of the arterial walls are greater yet 
in the mtrapulmonaiy arteries, particularly 
the musculai artenes and arterioles 

Soon aftei respiration is established, the 
media of the pulmonary vascular channels 
begins to thin rapidly and continues to do so 
until about the thud week The deciease is 
more gradual thereafter, and by 12 to 18 
months, the relative thickness of the walls 
is comparable to that of the adult (Wagen- 
vooit and Wagenvoort, 1966) Dilatation of 
the vessels rather than atrophy of their tissue 
is probably responsible foi the widening of 
the Iumina of the pulmonary vascular chan- 
nels 

That developmental variations in the thick- 
ness of the smaller blood vessels bear im- 
portantly upon modifications m the vascular 
resistance of the lungs is suggested by othei 
data (Wagenvoort and Wagenvooit, 1966) 
During gestation, when pulmonaiy resistance 
is high, the small arteries and arterioles 
have relatively thicker walls than do the 
larger muscular arteries They apparently 
dilate more extensively after bath, however, 
for their walls are thinner m pioportion to 
the diameter of the vessels than are those 
of the larger arteries until the end of the 
fourth or fifth week At this time a slight 
but permanent reversal to a difference m the 
fetal direction takes place Expansion of the 
small arteries and artenoles should contribute 
greatly to the reduction m vascular resistance 
and the resultant nse m blood flow ohseived 
in the lungs during the neonatal period 

There is a fairly sizable literature on the 
structural and functional development of the 
smallest blood vessels, the cappillanes, m vari- 
ous tissues of the human body Fiom post- 
mortem analyses on the livei, cerebral coitex, 
and cerebellum it is known that with advanc- 
mg gestational age the distance between 
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capillanes deci eases, while the lengh of the 
capillary network and the number of capil- 
lanes per unit tissue increases rapidly (Mali 
and Raiha, 1935, Levme and Gordon, 1942, 
Niemmeva, 1950, Niemmeva and Tei villa, 
1953, Diemer and Henn, 1964) Between 
full-term birth and adulthood, capillary den- 
sity per unit tissue triples (Diemer and Henn, 

1964) , but the timing of the postnatal giowth 
has not been traced A large increment m 
the number of cerebral arteiioles during the 
first six postnatal weeks with little systematic 
growth throughout the lemamder of the fiist 
yeai has been reported (Rhodes and Hyde, 

1965) However, the authors of that study 
believe that their failure to demonstrate an 
increase after six weeks may have a meth- 
odological basis 

As was pointed out very early in this 
chapter, the degree of vascularization of any 
organ is influenced by its metabolic activity 
Diemer and Henn (1964) discuss their find- 
ing of a relatively low capillary density m 
the cortex of the newborn infant in these 
terms Unfortunately, definitive development 
data on the oxygen consumption of the hu- 
man bram are lacking, the only other evi- 
dence for a low cerebral metabolic rate in 
the neonate is also indirect (Kety, 1955, 
Kerpel-Fromus, Vaiga, and Mestyan, 1961) 
In lower animals (eg, the rat) paiallels 
exist between capillary density and oxygen 
consumption not only for adult and newborn, 
but also for different legions of the bram at 
a given age (Himwich, 1951, Flexnei, 1955) 
With respect to the latter fact, it is of interest 
that the ratio of capillaries in white matter 
to the total number m the cortex is higher 
in the newborn (12) than m the adult (13) 
(Diemer and Henn, 1964) This observation 
suggests that the metabolic activity of sub- 
cortical tissue is relatively higher m propoi- 
tion to that of the cortex m the newborn 
Myelinated fibers make up the white matter, 
and little myelinization occuis m the cortex 
prenatally Regional diffeiences in capillar- 
lzation within the bram have also been de- 
tected in human fetuses beginning quite 
early m gestation (Craigie, 1945) Analo- 
gously, early in the fetal period the oxygen 
consumption of the thalamus, caudate nu- 
cleus, and frontal cortex are low, whereas 
that of the medulla is relatively high (Him- 
wich, Benardon, and Tucker 1960) By term 


the metabolic activity of the other structures 
exceeds that of the medulla 

Investigations of capillary fragility have 
been prompted in part by concern about the 
susceptibility of the human infant to hemoi- 
rhage during labor Most studies have used 
the technique of applying suction to induce 
pressure changes that produce petechiae 
(small purplish red spots caused by mter- 
adermal or submucous hemorrhage) Meas- 
ured in this way, capillary permeability 
decreases during gestation and for at least 
the first postnatal week (see review m Smith, 
1959, pp 137-139) No attempt has been 
made to verify an early report indicating 
some decline in capillary resistance after the 
first few weeks (Abt, Farmer, and Epstein, 
1936) 

With a quite different approach evidence 
has also been obtained for a decrease m capil- 
lary permeability with age (Celander, 1966, 
Celander and Manld, 1962) The investiga- 
tors regard their method as simply a means 
of assessing the extent of the capillary surface 
area to which blood is flowing However, 
they offer no rationale for dismissing the 
likelihood that differences in permeability 
are responsible foi their findings (Young, 

1966) The calf and foot are placed in a 
water-filled venous occlusion plethysmograph 
(apparatus for recording volume changes) 
originally devised to study othei aspects of 
the peripheral cnculation m infants (Celan- 
der and Thunell, I960, 1961, Celander and 
Manld, 1962) From the rate of outward 
filtration at different degrees of occlusion, a 
capillary filtration coefficient is calculated 
This index represents the amount of fluid 
leaving the blood per unit time and tissue 
at various levels of capillary blood pressure 
Although the capillary filtration coefficient 
varies with temperature and the volume of 
blood flow, it is on the average about twice 
as high in the full-term infant and five times 
as high m the premature infant as m the 
adult 

The response of the capillanes of the pre- 
mature and full-teim infant to other physio- 
logical stimuli also diffei (Arajarvi, 1953, 
Eckstein, 1936) Neither dilatation after 
warming nor contraction m response to an 
injection of adrenalm is as adequate m the 
premature as m the full-term infant Upon 
exposure to cold, however, the capillaries of 
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the premature contract as promptly as those 
of the mature newborn 

Blood Volume 

Plasma volume and red cell volume to- 
gether make up blood volume Normally 
plasma volume is almost constant and altera- 
tions in blood volume are caused by changes 
in red cell volume, which shifts considerably 
m a variety of circumstances (see discus- 
sion of Hematology) The total volume of 
blood m the body influences, and is influ- 
enced by, both fluid balance and caidio- 
vascular function In addition to the mecha- 
nisms controlling water intake and excietion, 
interchange of water among the fluid com- 
partments (intracellular fluid, interstitial 
fluid, and plasma) helps to preserve the sta- 
bility of each 

Intracellular fluid is protected from change 
at the expense of both other compartments, 
whereas water passes m and out of the inter- 
stitial compartment most readily If interstitial 
adjustments are insufficient to sustain intra- 
cellular fluid at normal levels, plasma water 
is reduced or augmented Diarrhea and vom- 
iting, to which the infant is highly susceptible, 
are particularly likely to lead to dehydration 
in young children, because the younger the 
child, the greater is the relative water con- 
tent of the body and the larger is the piopor- 
tion in the extracellular compartments Other 
conditions that result m a decrease of plasma 
volume are hypothyroidism, shock, burns, 
and hemorrhage 

When a large amount of blood is lost 
rapidly, pressure is reduced throughout the 
cardiovascular system A decrease m venous 
pressure leads to a drop m cardiac output 
(volume of blood pumped by the heart each 
minute), further lowering the arterial pres- 
sure The lattei is a major factor in maintain- 
ing an adequate flow of blood to all tissues 
To compensate for the decline m caidiac 
output, several reactions occui A reflex 
triggers an increase m heart rate (cardiac 
output is a multiplicative function of stroke 
volume — the volume of blood ejected at each 
heart beat — and heart rate) Simultaneously, 
water is transferred from the interstitial com- 
partment to plasma to restore blood volume 
to normal 

Blood volume and many of the variables 
to be considered m later sections are related 


to body size or some aspect of it Neither 
the course of developmental changes nor 
some other comparisons such as those be- 
tween the sexes, can be examined meaning- 
fully unless these measures aie expressed m 
terms of units per body size Selection of 
an appropriate referent is, however, often 
difficult One problem is that the effective 
variable may not be weight, height, or sur- 
face area, but rather the amount of a par- 
ticular sort of tissue, such as lean body mass 
Another is that different-sized units do not 
bear the same relationship to each other 
throughout development nor for all body 
builds at any one age Illustrative of the for- 
mer fact is Table 1 (adapted from Smith, 
1959), which shows that the younger the 
child, the greater is his surface aiea relative 
to his weight 


Table 1 


Age 

Proportion 

of 

Adult 

Weight 

Proportion 

of 

Adult 

Surface 

Area 

4 days, premature 

0 024 

0 090 

15 days 

0 048 

0150 

6 months 

0 080 

0 210 

1 year 

0.145 

0 340 

6 years 

0 250 

0 525 

12 years 

0 340 

0 630 


As can be inferred from the table, if the 
underlying variable actually is surface area, 
weight will not provide a sufficient correc- 
tion, and the measure per unit weight foi 
an infant or child will be large relative to 
the adult 

According to the data of Morse, Cassels, 
and Schultz (1947), the correlation between 
total blood volume and weight is linear m 
children aged 1 to 17 years, but the correla- 
tions with age, height, and surface area are 
not At greater heights or ages, for example, 
there is a larger increase m blood volume 
than would be predicted from a linear rela- 
tionship Russell (1949) found higher cor- 
relations of blood or plasma volume with 
weight than with height or surface area 
among children 3 months to 13 years of age 
Nevertheless, he advocated height as a 
standard, because weight is less stable, 
changing considerably even during the course 
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of one day with variations m hydration, food 
intake, and excretion The standards of 
Brines, Gibson, and Kunkel (1941) are also 
based on height Weight is still a widely 
used referent, however, particulaily foi in- 
fants and adults 

Probably because of differences in tech- 
nique and the suitability of size referents, a 
rather wide range of values for blood vol- 
ume have been leported at all ages In pnn- 
ciple, blood volume and either of its com- 
ponents can be measured, but m fact all 
methods have inherent sources of error 
Among young infants another impoitant fac- 
tor is the extent of placental transfusion, 
and none of the normative data available 
comes from studies m which this factor has 
been carefully and systematically controlled 

Blood may be transferred fiom fetus to 
placenta, but transfer from placenta to fetus 
has received more attention How much blood 
the infant will gam or lose is influenced by 
the strength and frequency of uterine con- 
tractions, pulsation of the cord, the length 
of time the cord is left attached, giavity 
(le, the position of the infant lelative to 
the placenta), and whether or not the cord 
is dehbeiately "stripped” (see reviews m 
Moss and Monset-Couchard, 1967, Smith, 
1959, Smith, 1966, and Watson and Low- 
rey, 1967) Increases m infant weight have 
been observed after each uterine contraction, 
but decreases occui if the coid pulsates 
strongly oi if the fetus is held above the 
mother Most of the effect on weight takes 
place within a few minutes of delivery, with 
almost no change after 10 to 20 minutes 

From serial measurements of blood volume 
in normal full-term infants Usher, Shephaid, 
and Lind (1963) estimated that if the cord 
were not clamped for 5 minutes the total 
blood volume of an infant of average bnth 
weight would rise about 60% Their actual 
observations show a much smaller increase 
One-fourth of the transfusion was accom- 
plished within 15 seconds of birth and one- 
half to three-fourths by 60 seconds Within 
4 hours of birth the blood volume of infants 
with delayed clamping was reduced from 
99 to 89 ml /kg , presumably because fluid 
had shifted from plasma to the interstitial 
compartment Among infants whose coi ds 
had been clamped immediately there weie 
no changes m blood volume during the same 


time period At 3 days these infants had 
an average blood volume of 82 ml /kg and 
red cell and plasma volumes of 31 ml /kg 
and 51 ml /kg , respectively Infants in the 
“late-clampmg” gioup had a mean blood 
volume of 93 ml /kg , red cell volume of 
49 ml /kg , and plasma volume of 44 ml /kg 

Most souices indicate that total blood vol- 
ume is high in the premature infant, inter- 
mediate m the full-teim infant, and lowest 
in the adult The volume of led cells is 
almost equal for premature and full-term 
infants and higher m both than in the adult 
Plasma volume is quite elevated among the 
premature, but only slightly so m the normal 
newborn when comparisons are based on 
body weight Representative figuies are a 
total blood volume of 108 ml /kg foi the 
prematuie, 85-90 ml /kg for the full-term 
infant, and 75-80 ml /kg foi the adult The 
adult aveiage is piobably appioximated by 
about 2 months 

Among adults the male has a blood vol- 
ume per unit weight about 16% greater than 
that of the female The pieponderance of 
evidence suggests that this diffeience does 
not appear until puberty, when led cell vol- 
ume, total blood volume, and peihaps plasma 
volume increase more lapidly m the male 
(Brines, Gibson, and Kunkel, 1941, Sjos- 
trand, 1953, Tannei, 1962) Because blood 
volume seems to be highei m adults with 
relatively large amounts of muscle (Hicks, 
Hope, Turnbull, and Verel, 1956) and mus- 
cle mass mcreases more lapidly during adol- 
escence m males, the sex difference in blood 
volume may arise fiom a difference m the 
relative proportions of tissue with high meta- 
bolic activity (Tanner, 1962) 

Caidiac Output 

The cardiac output of the human being 
is usually measured by some variant of ei- 
ther an indicator dilution or Fick method 
Foi example, a known amount of dye is 
injected into the light atrium or a large vein, 
and a curve of the indicator concentiation 
m successive samples of arterial blood is 
plotted against time Dividing the amount of 
indicator injected by its aveiage arterial con- 
centration, with appiopnate adjustments for 
the interval of time involved, yields an esti- 
mate of the flow of blood from the heart per 
minute 
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According to the Fick principle, the 
amount of a substance taken up by an oigan 
m a given amount of time is equal to the 
arteriovenous difference m the level of the 
substance multiplied by the blood flow One 
way m which this principle can be applied 
to determine cardiac output is to divide the 
oxygen consumption of the lungs per unit 
time by the difference m oxygen content of 
venous and arterial blood across the lungs 
In the duect Fick method oxygen saturation 
is actually measured, indirect methods util- 
izing estimates derived m othei ways are 
not very reliable 

As ordinarily used, these piocedures meas- 
uie the output of only the left ventricle By 
proper selection of sampling site, right ven- 
triculai output can also be measuied, but the 
outputs of the two ventricles may be con- 
sidered equal after the neonatal period The 
existence of shunts so alters the pattern of 
oxygen or indicator concentrations and tim- 
ing of indicator dilution curves basic to the 
calculation of caidiac output fiom eithei ven- 
tricle that estimates derived from the two 
ventricles may diffei, and both may be in- 
accurate Fortunately, techniques for detect- 
ing shunts can be incorporated m studies of 
blood flow 

No measures of cardiac output m the hu- 
man fetus are available However, several 
studies of newborn infants have been re- 
ported An excellent example of problems 
and methods is a recent study (Gessner, 
Krovetz, Benson, Prystowsky, Stenger, and 
Eitzman, 1965), m which a dye dilution 
technique was used One catheter with two 
separated side holes was positioned so that 
the two sideholes straddled the foiamen 
ovale Dye could then be injected into either 
one or both atria at the same time 

Only left atnal curves, that is, curves ob- 
tained after separate injection into the left 
atrium, proved to be suitable for estimating 
ventricular outputs and the amount of left- 
to-nght shunting Injection into the right 
atrium was useful for detecting right-to-left 
shunts, but shunted blood reappeaied at the 
sampling site (the abdominal aiteiy) before 
the peak concentration of the initial dye curve 
had been reached, invalidating the deter- 
mination of cardiac outputs Following left 
atrial injection, shunted blood returned dye 
to the abdominal artery shortly after the 


first peak had been observed Therefore left 
ventricular output had to be calculated from 
a formula m which only the fiist part of the 
dye curve is utilized instead of from the 
standaxd equation By adjusting left ven- 
tricular output for the extent of left-to-right 
shunting, the right ventricular output was 
derived 

The generally lapid circulation time of 
infants (Blankenship, Lind, and Arcilla, 
1965, Gessner et al , 1965, Lesser, Meyer, 
and Henderson, 1952, Slobody, Rook, Lev- 
barg, and Morey, 1950, Yang, Slobody, Men- 
dlowitz, and Tyree, 1955), particularly in 
combination with inaccuracies inherent in 
the customary flush technique for dye injec- 
tion, also create difficulty in secui mg leliable 
dye curves Circulation time is the interval 
required foi blood to tiavel from one point 
in the cnculation to another It can be meas- 
ured with injected dyes, radioactive isotopes, 
or a variety of substances that give rise to 
discriminable reactions, such as flushing or 
a bitter taste Among adults the average arm- 
to-lips time is 14 to 15 seconds, for childien 
aged 2 to 12 yeais and infants undei 2 the 
means are about 11 and 7 seconds, respec- 
tively (Averbuck and Friedman, 1935, Brand- 
fonbrener, Landowne, and Shock, 1955, Hub- 
bard, Preston, and Ross, 1942, Obeist and 
LaRoche, 1954, Sutliff and Holt, 1925, 
Witzbergei and Cohen, 1943) With the flush 
technique the instant at which dye begins 
to enter the circulation cannot be deter- 
mined, and, unless timing is carefully con- 
trolled, the dye may be injected m two doses 
A special syringe and injection technique 
designed to provide instantaneous dye ejec- 
tion and recoidmg were used m the study 
of Gessnei et al (1965) summaiized above 

Circulation time is dnectly i elated to car- 
diac output, and both of these measuies are 
positively correlated with metabolic rate 
When oxygen consumption rises, as it does, 
for example, during exercise, excitement, 
eating, oi hyperthyioidism, the cardiac out- 
put of normal subjects increases to keep the 
tissues adequately supplied with oxygen Be- 
cause cardiac output is associated with me- 
tabolism and the latter, m turn, with body 
size, caidiac output is often leported in 
teims of the caidiac index, the blood flow 
in liters per minute per square meter of sur- 
face area The validity of this index is still 
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being debated, and height has been claimed 
to be as good a refeient (Krovetz, McLough- 
lin, Mitchell, and Schiebler, 1967) To date, 
however, the data available m a form to 
permit developmental comparisons are based 
either on surface aiea or weight 

Under basal conditions the cardiac output 
of adults averages 70-80 ml /kg /mm , oi 
a cardiac index of 3 0-3 2 L /mm /sq m 
of surface area (Dittmer and Grebe, 1959, 
Hamilton, 1962) Piec and Cassels (1955), 
the first investigators to measuie the caidiac 
output of the neonate, obtained a mean 
cardiac index of 2 5 for infants aged 2 to 
26 hours On a weight basis, this would be 
more than twice the adult output Dye was 
injected into the umbilical vein (hence the 
dye curves are right atnal ones), an ear oxi- 
meter was used for samplmg, and outputs 
were calculated from the standard Stewart- 
Hamilton equation The oximetei is an inexact 
instrument foi measunng dye concentrations, 
the problems associated with light atnal 
curves and timing of injection have been de- 
scribed Although Adams and Lind (1957) 
arrived at an almost identical mean and 
range with the Fick method, they used as- 
sumed oxygen consumptions for all but three 
infants, and the oxygen content of their blood 
samples may have been affected by shunting 
The means in these two studies are close to 
those estimated by Gessner et al (1965) 
for right ventricular output, 2 6, but the 
higher individual values observed aie in the 
range of their mean left ventncular caidiac 
index, 4 0 

The highest cardiac outputs lepoited for 
any age group — 348 ml /kg /mm for the 
left ventricle and 348 for the nght — are those 
from Bumards (1966) work with infants 
2 to 28 hours old He measured right ven- 
tricular output by the Fick method and left 
ventricular output with a thermal dilution 
technique and injection directly into the left 
atrium His simultaneous measures of oxygen 
consumption are about 50'% greatei than basal 
levels for age (see section on Basal Metab- 
olism), indicating that the subjects were not 
m a basal condition On the other hand, 
Gessner et al (1965) made repeated meas- 
urements on the same infants during the first 
2 hours of life and excluded from analysis 
any made while the baby was active Average 
left ventricular output was about 250 ml/ 


kg /mm The denved estimate for right out- 
put was consideiably lowei Their data are 
also consistent with mean pulmonary blood 
flows found m other recent studies of neo- 
nates (Chu, Clements, Cotton, Klaus, Sweet, 
Thomas, and Tooley, 1965, Klaus, Braun, 
and Tooley, 1961) and with data on the 
neonatal sheep (Cross, Dawes, and Mott, 
1959) and rabbit (Dawes and Mestyan, 
1963) Howevei, their measures might be 
invalid if any significant degree of left-to- 
nght shunting through the foramen ovale 
occurred Their methods can be assumed 
to check only on shunting via the ductus 
arteriosus 

In none of the studies done to date has 
the effect of placental transfusion been con- 
trolled However, nine of the newborns tested 
by Gessner et al weie delivered by elective 
caesarean section and had their cords 
clamped more promptly than the five infants 
who were delivered vaginally At about one 
houi after birth the left and right ventriculai 
outputs weie 3 5 and 2 3 L /min /sq m , re- 
spectively, for the former group and 5 0 and 
3 1 for the latter The absolute volume of 
left-to-right shunting was also greater m the 
babies delivered in the normal way 

Granting the reservations applicable to all 
the data available and taking account of 
the particular limitations of some, two mfei- 
ences may be hazarded The relatively large 
surface area of the neonate imposes a func- 
tional demand on his heart that is, m terms 
of his weight, several times that of the adult 
Fuither, some factor, perhaps a higher meta- 
bolic rate, makes for a cardiac output larger 
than the adult s even per unit of surface area 

These conclusions are supported by the 
results of investigations on older infants and 
children Unfortunately, in these studies a 
single cardiac index is reported for a wide 
range of ages With only one exception (Je- 
gier, Sekelj, Davenport, and McGregor, 
1961), however, they agree m showing the 
cardiac mdex to be above the adult average 
Means reported include 4 1 L /min /sqm 
in children aged 6 to 16 years (Sproul and 
Simpson, 1964), 4 3 in two groups, one with 
a mean age of 12 (Brotmacher and Fleming, 
1957) and anothei with an average age of 
8 7 years, but a range from less than 1 week 
to 19,9 years (Krovetz, McLoughlm, Mitch- 
ell, and Schieblei, 1967), and 4 6 in a sam- 
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pie aged 5 months to 14 years (Agustsson, 
Bicoff, and Arcilla, 1963) 

Blood Pressure 

The pressure exerted by blood against the 
walls of the vessels that contain it can be 
measured with varying degrees of difficulty 
and accuiacy in all vasculai channels and 
in the chambers of the heart When unqual- 
ified, the term blood pressure is usually in- 
tended to mean the pressure m the aorta 
and large arteries, particularly the brachial 
artery in the upper left arm Systolic pressure 
is the highest pressure leached in the large 
arteries durmg ventricular systole, and di- 
astolic pressure is the minimum to which the 
pressure falls at the point m ventricular di- 
astole immediately before the beginning of the 
next systole If these two pressures are re- 
ported jointly, the systolic is, by convention, 
placed above the diagonal and the diastolic 
below it, for example, 120/60 

To assess intraarterial pressure directly, a 
needle which is attached to some measunng 
and recording device is inserted Although 
dnect measurements are the most accurate, 
they have disadvantages, especially when 
they are to be repeated over a period of 
time The apparatus is expensive, and aseptic 
conditions must be maintained Indirect 
methods require a cuff that can be inflated 
and gradually deflated and a manometer 

The oldest and still the most widely used 
techniques m routine clinical practice are 
palpation and auscultation In palpation a 
finger is placed on the artery at the wrist 
or ankle (a leg is often the site of measure- 
ment in infants and young children) or just 
below the cuff The piessuie m the cuff is 
increased above the expected pressure oi 
until the pulse disappears, and then is low- 
ered m steps until the pulse is felt again 
This approach gives an approximation of 
systolic pressuie — about 2-5 mm Hg lower 
than that obtained by auscultation and con- 
siderably below the direct pressuie — but no 
estimate of diastolic pressure It is particu- 
larly unsatisfactory with infants and children 
because the pulse in their arms and legs is 
often difficult to feel 

For auscultation a stethoscope is placed 
over the artery immediately below the cuff 
The cuff is inflated and deflated as for pal- 
pation until the piessure m the aiteiy just 


exceeds that in the cuff When this point, 
the systolic pressure, is reached a tapping 
sound can be heard With contmued defla- 
tion the sound at fiist grows louder, then 
becomes dull and muffled, and eventually 
disappears m most adults Neither muffling 
nor cessation of sounds is a very reliable in- 
dex of diastolic pressure in children Among 
120 children aged 3 to 19 years examined 
by Moss and Adams (1963) only 67% had 
both sounds No muffling could be heard 
in 16%, and muffling was not followed by 
complete cessation of sound m 27% The cor- 
relations with direct measures were low 
(32-36) for both points In general, muf- 
fling yielded estimates that were too high 
and complete cessation readings that were 
too low, but the variability was somewhat 
less for muffling 

Because all heart sounds are less easily 
discriminated m children, and because aus- 
cultation involves more cooperation from the 
subject than can regularly be expected of 
infants, Goldring and Wohltmann (1952) de- 
vised a variation called the "flush” technique 
Sufficient pressure is applied to the hand to 
blanch the area without causing crying A 
pressure cuff is then attached and inflated 
Pressure on the hand is removed and the 
cuff slowly deflated As soon as normal color 
(flush) appears, the pressure, which is then 
about midway between the systolic ana di- 
astolic pressure, is read If the foot is used 
instead of the hand, the pressure is 5-10 
mm Hg higher In addition to yielding only 
a single value, the flush method may pro- 
duce variable results, m pait as a function 
of the speed of deflation and m part because 
of failure to recognize the first flush (Keith, 
Rowe, and Vlad, 1967, Moss and Adams, 
1964) 

Basically, the oscillometric method substi- 
tutes instrumental recording for palpation or 
listening foi sounds, a definite asset m work- 
ing with infants and children The occluding 
cuff is placed on the aim oi leg and manipu- 
lated as m auscultation An oscillometer is 
applied at a lowei point While the pressuie 
in the cuff is greater than the systolic pres- 
sure no blood flows, and hence no vibrations 
occur to be sensed by the oscillometer In 
fact, there may be a few pulsations of small 
amplitude as the systolic pressure is ap- 
proached, but when it is reached the amph- 
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tude of the oscillations suddenly rises to 
about 3 mm m infants and 5-6 mm m oldei 
children The point at which the pulsations 
become reduced again is the diastolic pies- 
sure Additional advantages of oscillometry 
are readm gs close to those from direct meas- 
ures and the fact that the cuffs can be at- 
tached but not inflated until after the infant 
goes to sleep If automatic recoiding is in- 
corporated into the system, repeated obser- 
vations can be made with less stress for 
either infant or observer, and with less ex- 
penditure of the observers time (Currens, 
Brownell, and Aronov, 1957, Gupta and 
Scopes, 1965) 

Similar advantages can be claimed foi 
several other kinds of apparatus that have 
been introduced m lesearch settings, such 
as a differential optical pulse indicator (Rice 
and Posener, 1959), a photocell oscillometei 
(Goodman, Cumming, and Raber, 1962), 
and plethysmographs (Celander and Thun- 
nel, 1960, Kailberg, Moore, and Oliver, 1965, 
Levison, Kidd, Gemmell, and Swyer, 1966, 
Schaffer, 1955), all of which record vibia- 
tions passing beyond the site of pressure, 
and a microphone placed beneath the oc- 
cluding cuff (Morse, Brownell, and Currens, 
1960) On the other hand, it is fairly diffi- 
cult to keep a plethysmographic system leak- 
proof, and anything greater than minor move- 
ments will cause artifacts in almost any auto- 
matic recording 

At best, even leasonably leliable measures, 
particularly from infants and young childien, 
demand much attention to procedural detail 
Largely for this reason, assessments of blood 
pressure, although theoretically important, 
are rare m developmental psychophysiologi- 
cal studies Basal measures m adults are 
taken 10 to 12 hours after the last meal and 
following a 30-mmute rest No young infant 
would be m normal condition if deprived of 
food for so long a time, and unless sleep 
occurs spontaneously oi is induced, only the 
most ingenious expeumenter will have a re- 
laxed rather than an active subject at the 
end of an idle half hour Standard, as con- 
trasted with basal conditions are less strin- 
gent, measurements being made after an 
interval of rest and no sooner than two hours 
after eating 

Activity, emotional upset, and variations 
in respiration all influence blood pressure 


Even m newborns, for example, crying will 
increase the systolic pressure by 30 mm Hg 
or more (Gupta and Scopes, 1965, Wood- 
bury, Robinow, and Hamilton, 1938, Young 
and Holland, 1958) Raising a young infant's 
head or holding him m a sitting position 
elevates the arterial piessuie (Gupta and 
Scopes, 1965) In infants less than 24 hours 
old, Gupta and Scopes (1965) also observed 
increments in directly recoided pressures of 
as much as 20 mm Hg during sucking, 
whethei or not food was ingested After 
sucking ceased, pressures returned to resting 
levels, stayed constant for 30 to 60 minutes, 
and then declined maikedly if the infant 
fell into a deep sleep “As the child emeiges 
from this deep phase of sleep the blood 
pressure again rises to appioximately the rest- 
ing level” (Gupta and Scopes, 1965, p 639) 
Many investigators prefer postprandial con- 
ditions for infants, but the findings just cited 
indicate that the values recorded will vary 
with the state of the child 

Unlike some othei physiological measuies, 
blood pressure does not seem to be affected 
by moderate changes m environmental tem- 
peiature m either premature or full-term 
infants (Contis and Lind, 1963, Gupta and 
Scopes, 1965, Levison, Kidd, Gemmell, and 
Swyer, 1966) or older childien and adoles- 
cents (McKee and Eichom, 1953) Gupta 
and Scopes also found no evidence of diurnal 
rhythms m young infants 

Especially in infants and young children, 
mappiopnate cuff size is a majoi source of 
eiTor A cuff that is too narrow relative to 
the length of the limb yields measures that 
aie too high, because greater inflation pres- 
suie is needed to compensate for the reduced 
compression of the artery Conversely, too 
wide a cuff may give readings that are too 
low When a longer portion of the artery is 
compressed, resistance increases, decreasing 
the blood flow Hence the pulse may dis- 
appear before reaching the far end of the 
cuff The most widely recommended criterion 
for cuff width is a size about two-thirds the 
length of the segment of the limb to which 
it is attached (Keith, Rowe, and Vlad, 1967, 
Watson and Lowiey, 1967) 

From simultaneous comparisons of aus- 
cultatory and intraarterial pressures m 128 
children 3 to 19 years old, Moss and Adams 
(1965) report that cuff widths of 5 cm 
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at 3 to 5 years, 7 cm from 5 to 8, 95 
cm from 8 to 14, and 12 cm after 14 pro- 
duce systolic pressures that do not differ 
by more than 8 mm Hg fiom direct meas- 
ures These sizes are slightly smaller than 
those that Keith, Rowe, and Vlad (1967) 
have found to agree well with direct record- 
ings 3 cm for prematures, 4 5 cm for full- 
term to 2 years, 7 cm for 2 to 4 years, 10 
cm for 5 to 9 years, and 13 cm for 10 to 
14 years Except for the larger sizes sug- 
gested for children under 4 by these authois, 
their standards are similar to the widths 
recommended by the American Heart As- 
sociation Committee on Blood Pressure (Bord- 
ley, Connoi, Hamilton, Keir, and Wiggers, 
1951) However, the proper size to use with 
young infants groups is still a matter of con- 
troversy 

Since 1938, when Woodbury, Robinow, 
and Hamilton reported that only a 2 5 cm 
cuff gave readings that closely paralleled 
dnect ones, this size has been widely adopted 
On the other hand, Schaffei's (1955) re- 
peated assessments on infants during then 
first day with 2 5, 4, and 8 cm cuffs and 
an impedance plethysmograph and electric 
manometer showed the narrow, short cuff 
(2 5 X 4 cm ) to yield unreliable lesults and 
probably spuriously high ones, at least with 
sensitive lecordmg apparatus Remhold and 
Pym (1955) also considered measures made 
with a 2 5 cm cuff to be more variable than 
those done with a 6 cm cuff, but the mean 
systolic pressuie of about 50 mm Hg ob- 
tained with the lattei m infants 1 to 3 days 
old is very low compaied to most direct 
readings Recording with a photocell oscillo- 
meter m a small group of infants aged 1 week 
to 30 months, Goodman, Cumrmng, and Ra- 
ber (1962) got close agreement with mtia- 
artenal pressures and among each othei for 
cuff widths varying from 2 to 3 7 cm A 
shaip drop in levels was observed when a 
6 5 cm width was used 

On the basis of a study with childien aged 
1 day to 4 years, Moss and Adams (1964) 
concluded that cuff size was not so important 
with the flush method Mean pressures were 
lower the larger the cuff, but the diffeiences 
among cuffs of 5, 9, and 12 cm were not 
statistically significant Several othei inves- 
tigations do suggest that m newborns the 
most stable results with this method are 


achieved with a 4 cm cuff (see review in 
Young, 1961) 

How gieat the methodological differences 
in recoided aiterial piessures are relative to 
age changes can be infeired from the data 
assembled m Tables 2, 3, and 4 Omitted 
from these tables are studies m which sub- 
jects were grouped over a wide time span 
for the particular ages concerned, for exam- 
ple, several days m the case of newborns, in 
which the recoiding technique was not con- 
stant, or m which age oi cuff size was not 
specified To provide illustrations of flush 
values thiough most of the fiist year an ex- 
ception to the cuff width criterion, which does 
not seem to be a major one for this tech- 
nique, was made for the data from Watson 
and Lowrey (1967) Research on oldei chil- 
dien was not included if pressures were re- 
ported for only one sex or for the sexes 
combined 

Regardless of technique, and despite the 
great variability among young subjects, most 
studies show the early weeks and months 
to be a period of comparatively rapid increase 
in pressure Yet the values obtained vary so 
widely with method that were data collected 
with different methods (or with the same 
technique but a different cuff size) to be 
utilized for establishing age tiends, the lat- 
ter could be obliterated or even inverted Of 
course, flush pressure is intermediate be- 
tween the systolic and diastolic levels and 
so would be expected to differ from those 
values as assessed by any means When meas- 
ures are made by other indirect methods, 
cuff size is in general more influential than 
recording technique m determining the ab- 
solute values observed during infancy and 
early childhood Pressures taken with a cuff 
of 4 or 5 cm within the first few days of 
life range between the mid-forties and low 
sixties, with an average m the mid-fifties 
Higher levels, closer to intraarterial pres- 
sures, are characteristic with narrower cuffs 

Additional sources of variation during the 
early days are time elapsed smce delivery, 
time of clamping of the umbilical cord, mode 
of delivery, and degree of asphyxiation Ash- 
worth and Nehgan (1959) found the mean 
systolic piessure to drop abruptly from a 
high of 92 mm Hg during the first few min- 
utes after birth to an average low of 60 four 
hours later in normal infants whose cords 
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Table 2. Blood Pressure During Early Infancy a 



Cuff 




Days 



Weeks 


Months 

Study 

Size 

Birth 

1 

2 

3 

4-5 

6-7 

9-10 

3-4 

6 

3 

6 

Bowman, 1933, 
oscillometer 

Rucker and Connell, 

5 cm. 


55/38 

60/41 

60/42 

60/44 







1924, oscillometer 

4 cm. 


55/40 

58/41 

54/39 

59/42 62/44 64/42 





Salmi, 1935 













auscultation 

4 cm 


46/26 

64/38 


75/47 







Levinson et al , 1966 
strain-gauge 
Goodman et al, 

4 cm 


62 

67 

71 

76 

82 






1962 

oscillometer 

3 cm. 

79 

59-65» 

69 

73 

82 



89 

95 

100 

100 

Dexter and Weiss, 













1941 

oscillometer 

2 5 cm 

74/38 

78/40 

84/42 


92/50 







Contis and Lind, 













1963, xylol 
bead pulse 
indicator 

2 5 cm 


78-90 b 


82 

90 

97 






Holland and Young, 













1956 

palpation 

2 5 cm 


67-70 b 


72 



73 

77 

78 

86 

93 

Woodbury et al , 













1938, direct and 
palpation 

2 5 cm 

80/46 


85 

92 








Gessnet et al , 













1965, direct 

— 

70/39 











Moss and Adams, 

— 

67/45 











1964 

5, 9&12 

53 











direct flush, leg 
Forfar and Kibel, 

cm. 












1956, 













flush, arm 

5 cm. 


60 

65 

79 

84 

92 





flush, leg 

5 cm. 


65-68 b 

74 

89 

88 

79 





Watson and Lowrey, 

not 












1967, flush 

stated 


52 





72 

62 


69 

71 


a Means for both systolic and diastolic pressures are listed where available Some means were read 
from authors’ graphs or computed from their data 

b Ranges on Day 1 indicate means obtamed at different times during the first 24 hours 


were clamped early If clamping was delayed, 
so also was the decrement, but it occurred 
within the first 24 hours Regardless of time 
of clamping, a steady rise ensued throughout 
the remainder of the first week, but during 
the second day pressures never exceeded 
those recorded immediately after delivery 
In another study (Goodman, Cumming, and 
Raber, 1962) the mean fall in pressure was 
marked but smaller, 20 mm Hg, and the 
minimum was reached on the average at 
two hours instead of four The following 


rise was very gradual during the rest of the 
first day and steeper thereafter, birth levels 
bemg regamed by the fourth day Infants 
delivered by caesarian section have lower 
systolic pressures than normal vaginal births 
(Holland and Young, 1956, Neligan, 1959), 
whereas respiratory distress may raise (Neli- 
gan, 1959) or lower (Gupta and Scopes, 
1965, Holland and Young, 1956) the blood 
pressure 

Such information as has been secured on 
blood pressures during human gestation 
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comes from measures made at or after de- 
livery on premature infants Therefore, in- 
terpretations must be tempered not only by 
the possibility of abnormalities m the subjects 
and differences between extrauterme and 
intrauterine environments, but also by a num- 
ber of the methodological factors mentioned 
earlier, such as time since delivery and treat- 
ment of the cord Probably the most defini- 
tive data are those reported seveial decades 
ago by Woodbury, Robinow, and Hamilton 
(1938) Recording directly from a cannula 
m the umbilical artery at delivery, they ob- 
tained pressures of 33-39/21, 55/25, 70/35, 
85/45, and 80/46 at 5, 6 5, 7, 8, and 9 fetal 
months, respectively. 

Most subsequent investigators have been 
concerned with methodological issues (Kafka, 


1967), reflexes (Moss, Duffie, and Emman- 
ouihdes, 1963, Young and Holland, 1958), 
or the effect of birth weight (Bucci, Scala- 
mandre, and Savignoni, 1963, Levison, Kidd, 
Gemmell, and Swyer, 1966) or various dis- 
orders (Gupta and Scopes, 1965, Neligan, 
1959, Neligan and Smith, 1960), and only 
a few have categorized their subjects by 
gestational age Rarely have infants that 
could be considered to be younger than 7 
fetal months been included Despite the lim- 
itations of individual studies and vanations 
from study to study m the absolute levels 
recorded, most of the accumulated data sup- 
port the conclusion that pressures are lower 
in prematures than in normal full-term infants 
and probably increase at least until the eighth 
prenatal month In all other species that have 


Table 3 Age and Sex Norms for Systolic Blood Pressure 


Study 

Method 

Cuff size in 
cm 

Age in Years 

Allen Williams, 
1945 

Auscultation 

4 (under 2 yrs), 
6 (2-4 yrs ), 

8 (4-5 yrs ) 

Lincoln, 1928 

Auscultation 

9.5 

Londe, 1966 

Auscultation 

9 (younger) 
13 5 (older) 

Sundal, 1932 

Palpation 

12 

Richey, 1931 

Auscultation 

12 

Shock, 1944 

Auscultation 

12.5 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

0 75 

89 

93 

— 

— 

— 

— 

— 






15 

96 

95 











25 

99 

92 











30 



93 

89 



78 

78 





35 

100 

100 











40 



94 

93 

98 

98 

80 

80 





4.5 

99 

99 











50 



98 

95 

101 

102 

83 

82 

80 

85 



60 



98 

97 

105 

105 

85 

84 

85 

85 



70 



98 

99 

106 

107 

88 

87 

89 

89 



80 



100 

100 

108 

108 

90 

88 

92 

93 



90 



101 

101 

111 

112 

91 

90 

95 

93 



10 0 



105 

104 

114 

114 

93 

95 

95 

96 



110 



104 

105 

114 

121 

98 

102 

96 

101 



115 











103 

107 

12 0 



102 

104 

116 

117 

104 

106 

98 

102 

104 

104 

12 5 











105 

106 

13 0 



105 

105 

120 

121 

108 

108 

101 

103 

106 

105 

13 5 











108 

108 

14 0 





120 

119 

110 

109 

106 

104 

111 

108 

14 5 











111 

106 

15 0 





125 

115 

113 

109 

110 

106 

110 

105 

15 5 











111 

104 

16 0 







113 

108 

112 

107 

112 

107 

16 5 











111 

105 

17 0 







114 

108 

112 

103 

115 

107 

17 5 











114 

105 

18 0 







114 

109 

113 

101 



19 0 







115 

110 

117 

105 



20-30 







114 

113 



112- 

108- 












114 

HO 
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been examined blood pressure rises during 
gestation, but there is considerable variabil- 
ity m pattern of mciements (Dawes, 1961) 
Whether age or weight is the more impor- 
tant factor cannot be stated conclusively, but 
the evidence for man tends to favor weight 
Goodman et al (1962) worked with infants 
of 23-36 weeks gestational age as well as 
with full-term babies Systolic pressures in 
the premature were correlated with both 
weight and age, increasing to the thirty-sec- 
ond fetal week Among infants born at 27 
to 34 weeks, Levison and his associates 
(1966) found no systematic variation of sys- 
tolic pressure with gestational age Nor was 
there any difference in pressures between 
infants weighing 500-1000 grams and those 


of 1000^1500 grams However, pressures 
rose linearly with weight above the latter 
size Similarly, Bowmans (1933) data leveal 
very little difference in either systolic or di- 
astolic pressuie on the fourth day of life 
between infants weighing 2-3 or 3-4 pounds, 
but systolic pressuies were higher and equal 
in the 4-5 and 5-6 pound gioups and slightly 
greater in infants of 6-7 pounds In contrast, 
Gupta and Scopes (1965) observed no dif- 
ferences m pressures during the first 6 hours 
after deliveiy between a gioup weighing over 
2500 grams at birth and one with birth 
weights of 1501 and 2500 grams, levels were 
somewhat lower in infants whose birth 
weights were less than 1500 grams Their 
subjects had various disorders or were “nor- 


Table 4 Age and Sex Norms for Diastolic Blood Pressure 


Study 

Allen- Williams, 

Lincoln, 1928 

Londe, 1966 

Richey, 1931 

Shock, 1944 


1945 









Method 

Auscultation 

Auscultation 

Auscultation 

Auscultation 

Auscultation 


4 (under 2 yrs), 










6 (2-4 yrs ), 



9 (younger) 





Cuff size (cm ) 

8 (45 years ) 


95 

13 5 ( older ) 


12 


12 5 

Age ( Yrs ) 

M F 

M 

F 

M 

F 

M 

F 

M 

F 

0 75 

60 62 









15 

66 65 









25 

64 60 









30 


66 

67 







35 

67 64 









40 


67 

66 

57 

60 





45 

65 66 









50 


70 

67 

60 

60 

49 

58 



60 


70 

69 

60 

64 

53 

56 



70 


70 

70 

63 

63 

56 

57 



80 


73 

71 

61 

65 

57 

59 



90 


72 

71 

65 

67 

60 

60 



10 0 


75 

74 

66 

64 

61 

61 



110 


73 

74 

65 

69 

63 

64 



115 








69 

73 

12 0 


73 

75 

67 

65 

62 

65 

71 

71 

12 5 








70 

72 

13 0 


75 

74 

65 

69 

62 

66 

70 

70 

13 5 








69 

68 

14 0 




68 

67 

64 

67 

68 

68 

14 5 








68 

67 

15 0 




67 

67 

66 

67 

69 

68 

15 5 








70 

68 

16 0 






66 

69 

71 

69 

16,5 








70 

68 

17 0 






67 

67 

72 

69 

17 5 








71 

69 

18 0 






69 

66 



19 0 






69 

66 



20-30 








75-80 

72-76 
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mar but small for gestational age and were 
examined under a variety of cncumstances 
No real trend with weight is discernible m 
the few prematuie (defined as a birth weight 
of less than 2 5 kg ) infants studied by Hol- 
land and Young (1956) 

Circulatory and respiratory adjustment to 
extrautenne life only briefly reverse the us- 
ing trend of blood pressure which appaiently 
begins early m gestation and continues at 
varying rates throughout the lest of the life 
span Judging by the values derived by most 
investigators, the increase m systolic pres- 
sure is m the neighborhood of 20 mm Hg 
between the first day and the fifth to tenth, 
and a major part of it may represent a le- 
turn to bnth levels Some 3 to 9 more months 
aie required to achieve anothei rise of about 
equal magnitude The negatively accelerated 
rate of increase is even more clearly seen m 
the fact that 15 to 20 yeais pass before a com- 
parable or somewhat smaller mciement has 
taken place 

Because the development of diastolic pies- 
sure has been less thoroughly documented, 
particularly during infancy, generalizations 
must be somewhat more tentative and im- 
precise By combining figures from different 
studies an increase of about 15-20 mm Hg 
between the first few days and the third to 
fifth year may be inferred A further use of 
10-15 mm Hg, largely within the next dec- 
ade, can be observed m data for the sexes 
separately (Lincoln, 1928, Londe, 1966, 
Richey, 1931, Shock, 1944, Stocks, Stocks, 
and Karn, 1927), gills only (Builage, 1923; 
Nylin, 1935, Schwenk, Eggeis-Hohmann, 
and Gensch, 1955), boys only (Hahn, 1952, 
Schwartz, Britten, and Thompson, 1928), 
and mixed sex groups (Fabei and James, 
1921, Graham, Hines, and Gage, 1945) 

Except for the work of Sundal (1929), 
which is based on palpation, research on 
age changes after the first year or so has 
been done by auscultation Pressure stand- 
ards across age have yet to be established 
by direct recording, although some informa- 
tion. may be gleaned from comparative plots 
of auscultatory and direct measures (Moss 
and Adams, 1963, 1965) Beyond late child- 
hood normative data have almost always 
been obtained with a cuff 12 to 13 cm m 
width — Lincoln's (1928) was 9 5 cm Thus 
at oldei ages differences among studies in 


pressure levels stem primarily from situa- 
tional factors other than recording technique 
oi cuff size Shock (1944) secured the only 
truly basal measuies Practiced subjects do 
not account foi the comparatively low norms 
from his longitudinal study, because equal 
levels charactenzed controls put thiough the 
same pioceduies at just one age 

Although the subjects m the studies of 
Lincoln (1928), Richey (1931), and Sundal 
(1929) were not in a basal state, the condi- 
tions weie good, in that measurements were 
semilongitudmal, weie made chiefly m the 
morning, and the childien weie in settings 
with which they weie familiar As aheady 
noted, Sundal also used palpation, a method 
which typically gives values 2-5 mm lower 
than does auscultation Blood piessuies about 
as low as those in the four studies pieviously 
cited have been lepoited by Nylm (1935) 
fiom a study of vanous physiological func- 
tions m a small group of girls aged 10 to 
15 yeais, for girls 3 to 16 years old (Down- 
ing, 1947), males aged 4 to 49 (Schwaitz, 
Britten, and Thompson, 1928), and the sexes 
combined (Faber and James, 1921) De- 
spite the care with which Londe (1966) 
made his determinations, they were taken 
m the course of routine physical examina- 
tions m a physician’s office oi a pediatric 
clinic and leflect the highei levels to be ex- 
pected in such situations Like pressures have 
been obtained undei rathei comparable cir- 
cumstances by Burlage (1923) and Schwenk, 
Eggers-Hohmann, and Gensch (1955) m 
girls, Hahn (1952) m boys, for the sexes 
combined by Giaham, Hines, and Gage 
(1945), and m each sex by Stocks, Stocks, 
and Karn ( 1927 ) 

Again, were values derived in diffeient 
situations to be combined to form age curves, 
the increase seen m separate studies dunng 
childhood and adolescence could be obliter- 
ated Only in Shock’s (1944) data is a small 
and temporary reversal of the upward trend 
m diastolic pressure between 12 and 14 J4 
years evident He suggests that so slight a 
decrease may be masked in cross-sectional 
observations, but his basal conditions may 
also have helped to leveal this digression 
Further, the sex difference that develops in 
adolescence is not readily apparent, at least 
in its earlier phases, unless pressures are de- 
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termined under carefully controlled condi- 
tions 

Of the two major factors governing blood 
pressure, peripheral resistance may reason- 
ably be assumed to be more influential than 
cardiac output in producing developmental 
changes Data indicative of a decline m car- 
diac output with age have already been sum- 
marized A countercourse for peripheral re- 
sistance is evidenced by a rate of blood flow 
through the limbs of infants about twice 
that of adults (Celander, 1966, Celander 
and Thunell, 1961, Kidd, Levison, Gemmell, 
Aharon, and Swyei, 1966), for blood flow 
is inversely proportional to resistance Noting 
these trends, Young (1961, 1966) proposes 
limited peripheral resistance as the primary 
cause of low artenal pressure among infants 
She hypothesizes that resistance is restricted 
by inadequate vasoconstriction resulting from 
some deficiency m the tonic activity of neural 
and chemical mechanisms regulating blood 
flow through channels other than those to 
the skm Within a few days after birth the 
vasomotor tone of skm vessels over the entire 
surface of the infant seems about equivalent 
to that m the adult (Bower, 1954, Bruck, 
Bruck, and Lemtis, 1957, Young, 1962, 
Young and Cottom, 1966) However, these 
vessels are thought not to be involved m the 
control of pressure through the redistribution 
of blood 

Also cited by Young (1961) as a partial 
explanation of the brief postnatal drop m 
pressure are observations suggesting that 
peripheral resistance declines because as- 
phyxia renders the vasomotor centers and 
blood vessels even less responsive Individual 
differences in the duration and degree of 
asphyxia and m the distribution of body 
fluids brought about by forces exerted on the 
fetus during labor are advanced as possible 
sources of the wide variation in blood pres- 
sure among newborns According to several 
authorities, the brief decrement in pressure 
after delivery may be precipitated by expan- 
sion of the pulmonary and intestinal vascular 
beds and a decline m plasma volume (Con- 
tis and Lind, 1963, Lipton, Stemschneider, 
and Richmond, 1965) 

In all likelihood, degenerative as well as 
maturational changes underlie increases m 
peripheral resistance with age The rising 
trend in blood pressure among older persons 


has for many years been attributed to de- 
creasing distensibility and hence greater re- 
sistance of the arterial walls consequent upon 
artenoscleiotic lesions There is also good 
reason to believe that fatty streaks begin to 
infiltrate the vasculature during childhood, 
sometimes as early as the first year (see re- 
view m Giersten, 1964) 

That , increment m cardiac output may 
play a role m at least one aspect of develop- 
mental change m blood pressure is implicit 
in Tanners (1962) rationale for the appear- 
ance of a sex difference during adolescence 
He states that “establishment of a gi eater 
basal stroke volume at adolescence (Nylin, 
1935), coincident with the greater increase 
in heart size" and perhaps supplemented by 
an increased blood volume, is probably re- 
sponsible for the higher piessures of males 
Cardiac output is a multiplicative function 
of stroke volume and heart rate, blood vol- 
ume and heart size are two determinants of 
stroke volume 

Age, physiological maturity (as measured 
by skeletal age, menarcheal age, age at maxi- 
mum growth in height, or age at reaching 
successive stages of secondary sexual charac- 
teristics), weight, height, and the levels of 
various physiological parameters are all to 
some degree mtercorrelated (Nicholson and 
Hanley, 1953, Shock, 1943, 1944, Tanner, 
1962) Which of the first four factors are 
most closely associated with blood pressure 
cannot yet be decided When systolic pressure 
is examined m relation to menarcheal age, 
it is found to reach a peak before menarche 
and then to declme gradually for several 
years (Shock, 1943) Eaily maturing girls 
(Schwenk, Eggers-Hohmann, and Gensch, 

1955, Shock, 1944) and boys (Shock, 1944) 
develop higher systolic and diastolic pressure 
sooner than do late maturers At the same 
time, the early maturing are also heavier and 
taller Hypertension is more common among 
obese adults than the underweight or those 
of appropriate weight for height Among 
children the evidence is less conclusive 

In very young normal and premature in- 
fants positive associations of wood pressure 
with both weight and postnatal age have 
been reported, but their statistical signifi- 
cance was not tested (Forfar and Kibel, 

1956, Levison, Kidd, Gemmell, and Swyer, 
1966) Positive although insignificant corre- 
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lations with weight exist in Alien-Williams’ 
(1945) measures on boys and girls aged 6 
months to 5 years Londe (1966) found sys- 
tolic pressure to be significantly correlated 
with weight in both sexes at most ages from 
4 to 15 years The coefficients for height 
were lower and insignificant Generally low, 
positive associations obtained between dias- 
tolic pressure and weight and height, but 
only those with weight m girls approached 
significance On the other hand, Richey’s 
(1931) data show significant correlations 
from age 5 to 19 years between weight and 
diastolic as well as systolic pressure for each 
sex and between diastolic pressure and height 
for girls Height also influenced systolic pres- 
sure in girls 11 to 15 years old and boys over 
10 For his sample of boys aged 11 to 15 
years Hahn (1952) states that blood pressure 
is more highly correlated with weight, suiface 
area, and height than with age, and the cor- 
relation was stronger for the first two vari- 
ables However, the figures he piesents do not 
seem to justify the latter claim Stocks and 
Karn (1924) also demonstiated an association 
between systolic pressure and both weight 
and height and between diastolic pressure 
and height m bovs aged 9 to 15 yeais 
A related question of concern is the pre- 
dictability of hypertension Prompted by evi- 
dence that elevated resting pressures were 
prognostic of later disease m young adults 
(Diehl and Hesdoiffer, 1933, Levy, Hillman, 
and Stroud, 1944), Harris (1958) examined 
blood pressure records on subjects m a longi- 
tudinal study Two groups of 24 boys each 
and two of 20 girls each were selected from 
the total sample on the basis of having the 
highest and lowest blood pressure for their 
sex at 15, 16, and 17 years Plots of systolic 
and diastolic levels beginning at age 5 showed 
these subgroups already to be well separated 
by that age Unfortunately, possible causal 
associations could not be ascertained because 
the “highs” of both sexes were early maturers 
as well as more mesomorphic or endomor- 
phic, and no history of cardiovascular dis- 
function m the “highs” at any age was 
presented, 

If blood pressure responses to stress are 
more reproducible than resting levels, as 
some research indicates (Lacey and Lacey, 
1958, 1962, Sontag, 1958, Tanner, 1958) 
then they may also be more effective in the 


prognosis of cardiovascular disease A unique 
pair of studies utilizing the cold pressoi test 
illustrates the potential of this approach In 
the first study Hines (1937) examined 400 
childien 6 to 18 years old Subjects plunged 
one hand up to the wrist m watei of 4° C 
and held it there for one minute The reflex 
rise m blood pressuie was lecorded fiom 
the opposite arm After reevaluation of 207 
members of the oiigmal sample 27 yeais 
later Barnett, Hines, Schirger, and Gage 
(1963) lepoited that both lesponsivity to 
the imposed stress and hypertension were 
predictable fiom the earlier measures 

Electrocardiogram 

To differentiate the electrocardiogram 
from the electro cor hcogi am (a recording 
from the ceiebral cortex) the original ab- 
breviation, EKG, from the German spelling, 
is pieferable to ECG The EKG is a lecoid 
of the electrical field effects generated by 
the action potentials of the neive fibers of 
many cardiac muscle cells From it may be 
determined the site of the pacemaker, con- 
duction routes, and the rate, rhythnucity, 
patterns of excitability and refractoriness, 
and electrical axis of the heart A large body 
of empirical data relating abnormalities m 
these characteristics to various caidiac dis- 
orders has been accumulated 

For the standard limb leads used in elec- 
trocardiogiaphy since the turn of the century 
surface electrodes are placed on each arm 
and on the left leg Bipolar recordings (i e , 
those obtained between two active elec- 
trodes) are made between the two arms 
(lead I), the right arm and left leg (lead 
II), and the left arm and leg (lead III) 
Illustrated in Fig 3 aie the typical pattern 
of deflections derived from lead II in a nor- 
mal adult and the intervals of the cardiac 
cycle usually included m an analysis of the 
EKG Other parameters regularly of interest 
are the duration, direction, amplitude, and 
shape of P, Q, R, S, and T waves 

The P wave arises from atrial depolanza- 
tion initiated by the spread of excitation orig- 
inating in the sinus node After a brief 
isoelectric period throughout the heart, the 
ventricles become depolarized, producing 
the QRS complex Included in the P-R in- 
terval is the time lequired for the excitation 
wave to depolarize some of the atnal muscles 
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Fig 3 Fiftieth percentiles for EKG intervals (m minutes) Redrawn from McCammon ( 1961 ) 


and pass down through the atnoventucular 
node and the bundles of fibers which carry 
impulses to the ventricular muscle The T 
wave reflects ventricular repolai ization, atnal 
repolarization is generally masked by the 
QRS complex Continuing ventncular de- 
polarization and perhaps some slight begin- 
ning repolarization occurs dm mg the S-T 
segment Subsequent to the T wave, a U 
wave, thought to be pioduced by slow re- 
polai ization of the papillary muscles project- 
ing from the walls of the ventricles, is 
sometimes observed There is often some vari- 
ation among the thiee leads m the amplitude 
and duration of waves and the length of 
intervals 

Cuirent clinical routine also calls foi at 
least nine othei tracings, six from the chest 
(precordial leads) and three from the limbs 
Although the different “views” piovided by 
additional leads are very useful m the diag- 
nosis of pathology, moie normative mateual 
indicating something about the maturation 
of cardiac function and understandable by 
persons without extensive background in 
EKG analysis are denved from the standard 
limb leads Further, the only developmental 
data on the EKG of the fetus tn utero are 
based on records that closely lesemble the 


configurations observed postnatally m these 
leads 

Quite by accident Cremer (1906) picked 
up the EKG of a fetus neai term while re- 
cording that of the mother with standard 
limb leads and a string galvanometer Using 
the electiodes attached to the surface of the 
maternal abdomen and a standard EKG ma- 
chine, a number of subsequent investigators 
had good success m deliberate attempts to 
duplicate his feat (see summary bibliogra- 
phic table in Bernstein and Borkowski, 1955) 
At least during the latter part of gestation 
such simple apparatus suffices in a large pro- 
portion of cases to demonstrate the existence 
of a living fetus and to piovide tracings 
from which manual counts of fetal heart 
rate can be made Southern (1954) was 
even able to measure amplitudes and dura- 
tions If EKGs of this cahbei aie to be secured 
with any degree of legulanty, howevei, bet- 
ter instrumentation is lequned to overcome 
the impediments to in utero lecordmg 

Ammotic fluid and maternal tissue atten- 
uate the weak signal pioduced by the fetal 
heart Furthei insulation against the trans- 
mission of impulses seems to be added, par- 
ticularly in the seventh and eighth months, 
by the fetal coating of vernix caseosa, an oily 
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secretion containing discarded skin cells 
(Goodyer, 1942, Wimmer, 1954) Except 
under a few special circumstances mentioned 
later, potential size per se does not now con- 
stitute a major restriction on the quality of 
intrauterine EKGs Adequate amplification is 
supplied by electroencephalographs or high- 
sensitivity fetal electrocardiographs Getting 
an input that is sufficiently free of artifacts 
is another matter The "noise” from fetal oi 
maternal muscles, the mother’s heart beat, 
or alternatmg current m the environment 
may be great enough to obscure any fetal 
EKG On the other hand, relatively little 
noise will interfere with a low level potential 

Unless a satisfactory signal to noise ratio 
can be achieved, automated heart rate counts 
(see following section, Heart Rate) and an- 
alyzable EKG configurations are piecluded 
Some means must be found to increase the 
fetal potential without simultaneously en- 
hancing the artifacts, or to i educe the inter- 
ference, or both At times the signal reach- 
ing the surface is so small or the artifacts 
are so stiong that closer electrode contact 
with the fetus than is possible with abdom- 
inal or limb leads is the only solution Such 
small signals may anse, for example, m early 
gestation, polyhych amnios (excessive aram- 
otic fluid), or maternal obesity, strong arti- 
facts are characteristic of labor, when the 
potentials generated by uterine conti actions 
are especially powerful Establishing direct 
contact maximizes the fetal signal, essen- 
tially eliminates the maternal EKG, and ma- 
terially decreases the noise from most other 
sources 

One appioach is to insert fine electiodes 
through the abdominal wall and under the 
skm of the fetus (Caldeyro-Barcia, Posen o, 
Pantle, Negreiros, Gomez-Rogers, Faundes, 
Henry, Zambrana, Arellano, Filler, and Ca- 
bot, 1961) After the cervix is dilated and 
the membranes ruptured, a flexible rod elec- 
trode, insulated except at the tip, can be 
introduced into the uterus via the cervix 
until it touches the fetus (Hon, 1959, Smyth, 
1953, Sureau, 1956) Alternatively, an elec- 
trode may be attached to the presenting part 
of the fetus (Hon, 1967), For close but in- 
direct contact during early pregnancy Bein- 
stine (1961) recommends vaginal leads, a 
collar electrode fitted about the cervix, or 
an electrode clamped to the cervix 


Asepsis must be maintained while em- 
ploying any of the electiodes described above 
Because surface abdominal leads are easier 
to apply and involve no risk, they are still 
favored whenever recording conditions are, 
or can be made, suitable By a combination 
of procedures an acceptable signal to noise 
ratio can be effected in most situations, and 
sometimes even dunng labor (Larks and 
Larks, 1965) Many of the basic piecautions 
are those regularly observed m electioen- 
cephalography, where surface potentials are 
very small and artifacts from muscle, the 
EKG, and electrical noise also a pioblem 

As instrumentation and techniques have 
impioved, the utility of fetal electrocardio- 
graphy as an obstetric and research tool has 
become more extensive (Bernstine, 1961, 
Cameron, 1967, Kendall, Farell, and Kane, 
1964, Larks and Larks, 1966) Not only 
can the presence of a fetus, multiple con- 
ceptions, and type of piesentation (say, oc- 
cipital or breech) be determined without the 
hazaids of ladiography, but evidence of via- 
bility can also be obtained Monitoring high- 
risk pregnancies and deliveries by electro- 
caidiography is feasible when other methods, 
such as listening for fetal heart sounds or 
biochemical assays of the oxygen, carbon di- 
oxide, and acid content of the blood, are 
not Blood samples cannot be taken until 
after the onset of labor, whereas detection 
of fetal heart sounds is rarely possible m 
the same circumstances that le quire special 
electrocardiographic procedures, for exam- 
ple, early gestation, polyhydramnios, and 
labor Yet these are the conditions in which 
assessment of fetal status may be most needed 
Only when the EKG is used to tnggei a 
cardiotachometer (see Heait Rate section to 
follow) can the rapid changes m rate which 
occur m response to changes m intrauterine 
pressures, oxygen levels, and the like be fully 
appreciated 

In general, intrauterine EKGs give a more 
accurate picture of normal development than 
do those obtained from extirpated fetuses 
The premature often are not healthy speci- 
mens, and their heart rates may be slowed 
by anoxia or cooling subsequent to delivery 
However, abortuses have furnished the ear- 
liest records of the human EKG The QRS 
complex and T wave weie detectable in a 
tracmg from the heart of a 6 mm embryo 



206 DOROTHY H EICHORN 


(Mai cel and Exchaquet, 1938), a length 
that is reached just about at the age (30 
days or slightly younger) when the pnmitive 
heart tubes fuse and the complete EKG 
should theoretically first be present Othei 
direct lecoi dings made as early as the sixth 
to tenth week indicate that a fully differen- 
tiated EKG is alieady present by these ages 
(Borkowski and Bernstme, 1955, Goody er, 
1942, Heard, Burkley, and Schaefer, 1936, 
Lind, Stem, and Wegelius, 1964) By about 
11 weeks m utero records can be reliably 
obtained, although auscultation of fetal heait 
sounds is not possible until about the eigh- 
teenth week (Mattingly and Larks, 1963) 

When the subjects are m good physiologi- 
cal condition the heart rates observed eaily 
m gestation are as rapid as or somewhat 
higher than is typical of the neonate at lest 
or m a state of minimal metabolism If the 
pulse is faster, one would expect the intervals 
of the cardiac cycle to be shorter, and they 
seem to be Some of the best supporting 
data comes from studies done m Sweden on 
fetuses aged 10 or 12 to 25 weeks delivered 
by caesarian section at legal abortions (Lind, 
Stern, and Wegelius, 1964) Before the fetus 
was removed fiom the uterus and while the 
placenta was m place, the placental cn dila- 
tion intact, cord color and pulsations good, 
EKGs were obtained The mvestigators con- 
cluded that the P-Q, QRS, and Q-T segments 
were probably somewhat shorter than in the 
full-term newborn, but, because the size of 
the heart was so small at these ages, the ab- 
solute speed at which excitation spread 
through the heart was considerably slower 
Smaller heart size and less well developed 
muscle piobably also account for the lowei 
amplitudes of these EKGs, foi attenuation 
obviously is not a factor m direct fetal le- 
cordmg 

Aside from these differences m amplitude 
and conduction times, fetal EKGs resemble 
neonatal ones m showing right ventricular 
preponderance and abenations of the T 
wave The amplitudes of QRS complex le- 
corded from midlrne abdominal leads before 
delivery are correlated with those obtained 
m lead II after delivery m the same infants 
(Larks and Larks, 1966) Correlations for 
the R and S waves were significant and mod- 
erate (»6) and for the Q wave, which is 
more difficult to record and measure, signifi- 


cant but low (3) In addition, the calculated 
electrical axes had similar prenatal and post- 
natal means and weie highly coi related (79) 
A previous study (Larks and Laiks, 1965) 
established a normal range for axis devia- 
tions and related abnormalities to complica- 
tions of gestation and delivery Duung noimal 
laboi changes m pressure in the umbilical 
artery resulting from cold compiession by 
uterine contractions have sometimes been 
found to produce maiked changes not only 
m the QRS complex but also m the P wave 
and the ST segment (Hon, 1966) 

Methodological difficulties do not disap- 
pear once the infant becomes accessible 
Overriding of the P wave of one cardiac 
cycle by the T wave of the piecedmg one 
is the most frequent problem, because while 
the heart rate is lapid theie is almost no 
T~P interval (the period during which all 
chambeis of the heait aie m diastole) Move- 
ment artifacts aie if anything moie tiouble- 
some when the limb leads aie on the infant 
himself Chest leads are much less susceptible 
to interference from movement, but unless 
small electrodes are used and care is exer- 
cised m applying and removing electrode 
paste electrical phantoms will be recoided 
(McNamara, 1964, Ziegler, 1951) With 
telemeters oi portable, battery-operated tape 
lecordeis long-term recoidmg on a moving 
subject can be made quite successfully (Moi- 
gan, Deane, and Guntheioth, 1965), For- 
tunately, pnoi ingestion of food has no con- 
sistent effect m infants and children despite 
frequent reports of postprandial changes in 
adults (Gooch, Mmtz, and Nova, 1967) 
Associated with the hemodynamic, and 
probably also the lespnatoiy, metabolic, and 
electrolytic tiansitions of the fiist week or so 
after bath are a succession of alteiations m 
the EKG The time at which the cord is 
clamped seems to have little influence (Buck- 
els and Ushei, 1965) However, rather pre- 
cise knowledge of the time that has elapsed 
since delivery is essential foi evaluation of 
the normality of the EKG of the newborn, 
for Walsh’s (1963a, 1963b, 1963c, 1964, 
1966) serial examinations of full-term and 
premature infants show that shifts occur with 
great rapidity during the fiist few hours 
following delivery Within 30 to 60 minutes 
the P wave and all intervals are prolonged 
The amplitude of the QRS complex is m- 
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creased, particularly in chest leads represent- 
ing light ventricular activation, Q waves are 
absent m left precordial leads, but good- 
sized, positive T waves appeal m all chest 
leads A few houis later the duiation of the 
P wave, which was pnmaiily responsible for 
the lengthened P-R interval, and of the P-R 
and QRS segments are considerably de- 
creased, the voltage of the R and S waves 
is reduced in most chest leads, Q waves aie 
found m one (V 6 ), and the T waves are 
positive m the light but negative or absent m 
the left chest leads Furthei conti ast among 
leads m the incidence and amplitude of the 
Q, R, S, and T waves, apparent on the sec- 
ond and third days, continue to develop 
thiough the end of the first week By this 
time the Q-T interval has shortened signifi- 
cantly, the decrease being most notable be- 
tween the third to the fifth or sixth days 

“Intervals which reflect atiial and atrio- 
ventricular conduction show relatively little 
change aftei the fiist horn of life, whereas 
those which involve ventncular conduction 
are not only influenced by events attending 
birth, but also by those affecting the fiist 
few months of life” (Walsh, 1964, p 190) 
Lengthened P waves often characterize en- 
largement of the left atrium (Walsh, 1966) 
Left to light shunting through the ductus 
arteriosus m the course of the transition fiom 
the fetal to postnatal cnculation increases the 
load on the left heart during diastole Fui- 
ther, vagal activity may bring about the 
temporary postnatal slowing of the P~R and 
QRS segments and increased voltage of the 
QRS, and the responsivity of the heart to 
vagal control may be heightened because 
the oxygen content of the blood, reduced 
dunng delivery, stays low for about the first 
hour (Walsh, 1966) 

Although Ziegler (1951) accounted for 
the decrement m the Q-T interval in terms 
of the concomitant increase m pulse rate (the 
duration of Q-T is negatively correlated with 
heart late at all ages), Walsh (1964) points 
out that neither m his data noi m Ziegler’s 
is the reduction m Q-T per unit change m 
heart rate anywhere neaily sufficient to pro- 
duce the observed decrease m Q-T time 
Nor did Ziegler find the length of QRS or 
Q-T to be effected bv heart volume (1963a), 
as otheis have thought it to be (Wilson and 
Herrmann, 1930) The likelihood remains, 


however, that the length of Q-R and the 
amplitude of the R wave are i elated to some 
degree to the relative thickness of the walls 
of the ventricles (Emery and Mithal, 1961, 
Keen, 1955, Sodi-Pallares, Portillo, Cisneros, 
De La Cruz, and Acosta, 1958, Walsh, 
1963c) Compared to the T wave, the QRS 
complex is quite stable, especially after the 
early neonatal penod Ziegler (1966) attn- 
butes this gieatei stability to the fact that 
anatomic factois largely govern the QRS 
complex, whereas the T wave is much more 
dependent on functional vanables Foi exam- 
ple, abnormalities of the T wave or the Q-T 
interval tend to occur m disturbances of elec- 
trolyte (especially potassium and calcium) 
or acid-base balance (Keith, Rowe, and 
Vlad, 1967, McNamara, 1964) 

All mvestigatois have descnbed peculian- 
ties of the T wave and right ventricular pre- 
ponderance as the most outstanding features 
of the neonatal EKG Of particular interest 
is the fact that by such cntena as ventricular 
weight, thickness of the ventncle walls, or 
heart volume the left ventncle is better de- 
veloped than the light at the end of the first 
month or sooner (Emery and Mithal, 1961, 
Keen, 1955, Kjellbeig, Rudhe, and Zetter- 
strom, 1954, Lind, 1950, Lind and Wege- 
hus, 1954, Patten, 1933, Scammon, 1923, 
Sodi-Pallares et al , 1958), yet electrical right 
ventncular dominance peisists for seveial 
months Before birth resistance to flow is 
high m the lungs, and the right ventricle 
pumps against this resistance and that of the 
systemic circulation (via the ductus arteri- 
osus) As the pulmonary resistance begins 
to drop shoitly after delivery and shunting 
declines, the work of the right ventricle de- 
creases even though it pumps about as much 
blood as the left On the other hand, with 
mci easing age, lesistance m the systemic 
cnculation uses, so the work of the left ven- 
tricle becomes greater 

Walsh’s (1964, 1966) comparisons of 
healthy piemature and full-teim infants re- 
veal the role of postnatal experience with 
changed woik loads m the gradual develop- 
ment of left ventncular dominance Two 
groups of prematures differing m age (44 
versus 90 days) and hence weight were 
matched by weight with two groups of full- 
term infants To achieve a weight match the 
latter were, of course, younger (about 5 J4 
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days) m teims of postdeliveiy age The 
EKGs of the prematuie, who, although 
younger on a gestational age basis, had cir- 
culatoiy systems that had operated longei 
m the postnatal fashion, showed moie evi- 
dence of left ventricular pieponderance 
Differences between piemature and full-term 
infants m most chaiactenstics of the EKG 
were maiked only m the fust week 01 two 
Nevertheless, some othei factois, matura- 
taonal and/or experiential, must influence the 
cardiac leactions represented m the EKG, 
because, despite equal heart rates m all 
groups, the Q-R, QRS, and Q-T mteivals 
were significantly longei among the full-teim 
infants, and the P-R duiation and P ampli- 
tude tended to be greatei 

Beyond early infancy the late of change 
m parameteis of the EKG becomes much 
slowei So slight aie the shifts m amplitude 
that when mentioned at all m normative 
material the maximum for healthy individ- 
uals of a wide age range is usually all that 
is given For example, the P wave is gener- 
ally said not to exceed 2 5 mm up to 1 
year noi 3 mm between 1 and 14 years 
(Keith, Rowe, and Vlad, 1967) By conven- 
tion, 1 cm of deflection equals 1 mv 
Thioughout life the T wave continues to be 
the most labile of the EKG configui ations, 
and it is the most delayed m reaching the 
adult pattern Not until 16 yeais can the 
T wave m the fiist chest lead be expected 
to be upright in most members of a normal 
population, although it may be so by 12 
years m a sizable numbei (Keith, Rowe, and 
Vlad, 1967, Sodi-Pallares et al, 1958, Zie- 
gler, 1951)* 

Standards for interval durations are some- 
times also stated simply as noimal maxima 
ovei a fanly wide age span (Epstein, 1948, 
Keith, Rowe, and Vlad, 1967, Kossman, 
1953), but averages and/or ranges for more 
restricted age groups aie available (Burnett 
and Taylor, 1936, Hafkesbnng, Drawe, and 
Ashman, 1937, Seham and Moss, 1942, So- 
di-Pallares et al , 1958, Zieglei, 1951) 
Unique among the latter both foi then de- 
tail and for the nature of the sample from 
which they are drawn are the norms leported 
by McCammon (1961) The minima, max- 
ima, and tenth, twenty-fifth, fiftieth, seventy- 
fifth, and ninetieth percentiles for the P-R, 
QRS, and Q-T intervals m each of the three 


standaid limb leads are tabulated by month 
from 1 through 6 months, at 3 months m- 
teivals from 9 months through 14 years, at 
14J4 yeais, and yearly fiom 15 thiough 24 
yeais Vanations from the stated ages were 
not moie than 1 week before 3 years, 2 
weeks from 3 to 10 years, and 1 month 
after that age Included m the analysis were 
4993 records on 214 healthy uppei-middle 
class subjects followed foi periods varying 
from 6 months to ovei 24 years Except for 
a few studies in eaily infancy, these are the 
only longitudinal data of this kind on normal 
subjects 

Figuie 3 combines the medians foi boys 
from Lead II for the thiee mteivals meas- 
ured by McCammon Even such major seg- 
ments of the cardiac cycle last only tenths 
or hundredths of a second, so the average 
increase from age to age acioss such short 
time spans are only thousandths of a second 
and are far exceeded by the range at any 
one age Given the small size of the mteivals 
and increments, megulanties in the cuives 
would be expected Neveitheless, the group 
trends rise steeply for all thiee mteivals dm- 
mg the first six to nine months and much 
more giadually theieaftei 

By 10 yeais the median for P-R is essen- 
tially at the adult level, with about half of 
the inclement accomplished by 4 yeais This 
intei val also proved to be a very stable in- 
dividual charactenstic aftei the age of 2 
yeais Within any given year the values foi 
a subject fluctuated very little, and his posi- 
tion in the gioup lemamed consistent acioss 
time Exceptions weie observed when a 
changing pacemaker was piesent, a phenom- 
enon that occuned on seveial occasions m 
almost 25% of the children, primarily be- 
tween the ages of 4 and 14 yeais Conti aiy 
to the contention m almost all treatises on 
EKG development that the P-R mtcival 
vanes dnectly with age and inversely with 
pulse rate, McCammon demonstrated that 
the association with lieait rate is not linear 

Following a strategy previously used with 
adults (Schlamowitz, 1946), pulse rates and 
P-R durations weie determined foi a sub- 
sample befoie giaded exeicise on a bicycle 
eigometer and at 1 -minute intervals for 5 
minutes postexeicise As was true for adults, 
P-R duration did not vaiy systematically with 
pulse rate when age was thus held constant 
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Graphs of the regular records also showed 
pulse rate to very labile, while the length 
of the P-R segment for an individual was, as 
noted above, highly stable The linear cor- 
relation between pulse rate and P-R was 
-01 However, the plot suggested a curvi- 
linear association, which was confirmed by 
a chi-squaie test That is, there was a ten- 
dency for P-R to be shorter when the pulse 
rate was either very fast or veiy slow McCam- 
mon speculates that both the P-R interval 
and pulse rate are a function of some other 
factor or factors, rather than having the di- 
rect and bifactorial dependence inferred 
heretofore 

Chest X-rays on these subjects also failed 
to verify the supposition of some investigators 
(Hafkesbnng, Drawe, and Ashman, 1937, 
Alimurung and Massell, 1956) that inci eas- 
ing heart size underlies the prolongation of 
the P-R segment with age Individuals with 
heart sizes much above or below the mean 
for age had P-R durations across the entire 
range of normal values A priori this hy- 
pothesis is suspect, for the developmental 
curve for heart size follows the geneial 
growth curve for weight (Maresh, 1948), 
whereas that for the P-R interval levels o£E 
by about 10 years and has no adolescent 
spurt 

Marked sex differences and indications of 
an adolescent spurt were found m the QRS 
norms The age curves at the ninetieth per- 
centile closely lesemble those for physical 
growth, but this pattern is mcieasmgly atten- 
uated as one moves down the percentile 
lanks Probably because the termination of 
the QRS complex is difficult to determine 
precisely, mtramdividual vanations in its dur- 
ation were quite laige 

Although the length of the Q-T interval 
approximated the adult median by 10 to 12 
years, a very slow increase was observed to 
the oldest ages included A number of for- 
mulas have been devised for correcting Q-T 
for heart rate, and most involve a different 
constant for women than for men and chil- 
dren In this sample the con elation between 
pulse rate and the length of Q-T was sub- 
stantial (-59), but no sex differences were 
found until a correction was applied Aftei 
correction the Q-T duration was shorter m 
girls until they were about prepuberal. Then 
the sex difference reversed McCammon com- 


ments that the degree of separation of the 
sexes is surpnsmg m view of the small differ- 
ences in pulse late Correction for heart rate 
also eliminated age changes m the length 
of Q-T until adolescence, when a downwaid 
trend ensued During this period the pro- 
longation of the Q-T segment for some un- 
determined reason mcieasmgly fails to keep 
pace with the decline m heart rate 

Not illustrated m the tables or graphs of 
any study is the diamatic increase m the T— P 
interval with mci easing age and decreasing 
heart rate Prolongation of the time dunng 
which all chambers of the heart are m diastole 
is greater on both an absolute and propor- 
tionate basis than for any othei interval At 
a heart rate of 150 beats per minute, which 
is typical of a 1-month-old infant while awake 
but not too active, the entne caidiac cycle 
takes 0 4 seconds Only a little over 0 04 
seconds is consumed by the T— P interval 
The adult heart late under similar condi- 
tions is about half as fast, and thus the cai- 
diac cycle is twice as long Yet the T— P seg- 
ment is about 0 22 seconds, or over four 
times longer Little hearts get little lest 

Heart Rate 

Apart from their bearing on events occui- 
ling within the cardiac cycle, variations m 
heart rate among individuals or within the 
same individual during successive cycles aie 
of inherent interest Indeed, for both theoreti- 
cal and pragmatic reasons, cardiac rate has 
been chosen more frequently than any other 
functional measure for psychophysiological 
reseaich as well as for monitoring the condi- 
tion of patients m clinical situations 

Heart rate is influenced by many aspects 
of mental and physical state, such as atten- 
tion, emotion, pam, posture, exeicise, diges- 
tion, respiration, oxygenation, metabolic rate, 
internal and external temperature, thyroxin, 
epinephrine, norepinephnne, and blood pres- 
sure Such sensitivity to change m a wide 
variety of psychological, physiological, bio- 
chemical, and mechanical factors makes 
cardiac rate a useful response measure, but 
it also means that experimental conditions 
must be carefully controlled whether the ef- 
fects of a particular variable are being ex- 
plored or basal rates are sought, Despite the 
lattei reservation, heart rate also offers prac- 
tical advantages from the point of view of 
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measuiement It can be determined intermit- 
tently or continuously with relative ease by 
at least one of several methods even under 
circumstances where a full EKG, blood pres- 
sure, metabolic rate, or like measuies are 
diffi cult or impossible to obtain or simply not 
applicable (eg, respiratory rate during ges- 
tation). 

As for blood pressure, the oldest and still 
the most widely used techniques for obtain- 
ing heart rate are palpation and auscultation 
Palpation is especially simple and convenient 
If a finger is placed over a surface artery, 
pulsations are felt which anse from a sudden 
increase m the pressme and velocity of the 
blood generated by each contraction of the 
heart In adults, pulse counts are usually 
taken at a radial (wrist) artery, but during 
infancy pulsations aie often easier to feel 
over the carotid (side of the neck) or tem- 
poral (above and to the outer side of the 
eye) arteries With certain exceptions al- 
ready noted, auscultation of heart sounds 
through the maternal abdomen and hence 
rate counts can be accomplished by mid- 
gestation After birth heait sounds can read- 
ily be heard through the chest wall, often 
without the aid of a stethoscope 
mate heart rate per minute by counting the 
pulse for 15 seconds and multiplying the 
result by 4 Given the lability of cardiac late, 
howevei, particularly in the young, more 
representative and lehable values can be ob- 
tained by making counts for a full minute 
and repeating them at least twice In some 
experimental situations brief ei mteivals aie 
deliberately examined to assess the degree 
of acceleration or deceleration occasioned by 
stimulation and the time required for lecov- 
ery For such work continuous, automatic 
lecording is highly desnable, and instanta- 
neous (beat-by-beat) rates cannot be secured 
m any other way 

Both instantaneous and aveiage rates can 
be determined from any time-calibrated re- 
cording that contains a signal corresponding 
to a regularly recurring element of the car- 
diac cycle Besides the action potentials from 
winch the EKG is derived, mechanical dis- 
placements geneiated by the activity of the 
heart can be utilized as input Over half a 
century ago Canestnm (1913) used a pneu- 

It is common m clinical practice to esti- 


mograph placed over the an tenor fontanel 
to pick up the vibrations of the pulse wave 
and a system of level s to transduce them for 
kymographic (smoked drum) recording 
Heart sounds associated with different phases 
of the cardiac cycle are registered m a pho- 
nocardiogram as waves varying m amplitude 
and frequency When the heart pushes blood 
into the aorta, an opposing force simulta- 
neously accelerates the body m the opposite 
direction The oscillations produced by these 
movements are detected by the ballistocar- 
diogiaph, an instrument for measunng cai- 
diac output, and heart rate can be measured 
from the lesultmg waveform If only heart 
late is to be assessed, the standard table 
model of die ballistocardiogiaph is unneces- 
sanly complicated and expensive An inex- 
pensive veision, consisting of a phono car- 
tridge attached to the ankle, is entuely ade- 
quate for recoidmg heart rate (Brown and 
Saucer, 1958) 

Counting die numbei of waves per unit 
time to get average rates is tedious and time- 
consuming Measuring the interval between 
analogous waves in successive cycles m order 
to compute instantaneous rate is even more 
so, and only a few devoted investigates 
have made the attempt (Sontag and Wal- 
lace, 1936), Alternatively, the intervals may 
be lead manually and punched on cards for 
cardiotachometric plotting, that is, transfor- 
mation to instantaneous rate at successive 
beats, by a computer (Welford, Sontag, 
Phillips, and Phillips, 1967) Less time is 
spent doing anthmetic, but the original read- 
ing is still laborious By far the most con- 
venient means for determining beat fiequen- 
cies is an instantaneous late metei Usually 
the EKG is fed directly into a caidiotachom- 
eter, which is triggered by the R wave and 
electronically converts each R-R interval to 
an instantaneous rate Recently Uibach and 
his associates (1965) incorporated a rate 
meter into a telemetered system 

If instantaneous or average rates m a given 
situation (eg, age nouns undei basal con- 
ditions) are the only concern, the fact that 
the association between beat interval and 
rate is not linear poses no problems, When 
short-term changes m rate are to be an- 
alyzed, however, a decision must be made 
as to the more appropriate unit of measure- 
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ment Resolutions of this dilemma and re- 
lated issues m the choice of a response mea- 
sure for studying variations m late and 
tempoial aspects of a rate curve have been 
reviewed by Stemschneider (1967) 

That simple techniques can yield reliable 
results when carefully applied is indicated 
by the similarity of the values reported m 
many older studies in which heart rate was 
determined by auscultation 01 palpation to 
those obtained instrumentally In 1906 Vie- 
rordt gave 130-160 beats per minute as the 
normal range for cardiac rate during gesta- 
tion and an average rate of 180 at birth, 
with a piofound drop (mean of about 45 
beats) within the next hour Subsequent 
series of fetal EKGs, taken from the surface 
of the maternal abdomen or directly fiom 
mtrautenne electrodes and totalling hundreds 
of cases, show aveiage rates of 130-155 (see 
review m Bemstme, 1961, Brady and James, 
1962, Welford, Sontag, Phillips, and Phil- 
lips, 1967) Little attention has been diiected 
toward tracing changes m rate with fetal 
age, but m one study a decline between the 
fifth and ninth months (means of 156 and 
142, respectively) and a slight increase m the 
tenth was observed (Sontag and Richaids, 
1938) On the other hand, the course of 
heart rate dunng and immediately after la- 
bor recently has been the subject of much 
detailed lesearch 

The accounts of normal and abnormal la- 
bors piovided by different investigators 
(Brady and James, 1962, 1963, Caldeyio- 
Barcia et al , 1963, 1966, Hon, 1959a, 1959b, 

1962, 1963, 1966, Mendez-Bauer et al , 

1963, Romney, 1966, Sanders, Lind, and 
Peltonen, 1961, Vallbona et al , 1963) are 
remarkably consistent Continuous cardio- 
tachometnc records show the average heait 
rate of fetuses who undergo a normal laboi 
and are m good condition at birth, as dem- 
onstrated by Apgar scores (Apgar, 1953) 
of 7 or above, to be somewhat above 140 
before the onset of laboi and between epi- 
sodes of slowing and acceleration during la- 
bor Among depiessed infants (Apgar scoies 
of 6 or less) bom after abnormal labois this 
"basal” late is at least 20 beats higher Aside 
from mmoi rapid fluctuations, which aie pres- 
ent thioughout labor, the heart rate of normal 
fetuses remains at about the "basal” level 


dunng much of the first stage Near its end 
and m the second stage laigei (10-25 beat) 
but brief (about to -minute) deciements 
or increments occur, decrements being moie 
common The second stage is also charac- 
terized by more frequent variations m car- 
diac rate Beginning at the time of crowning 
and continuing until the first ciy there is a 
period of maiked bradycardia (veiy slow 
heart rate) when frequencies may normally 
be below 100 

Seveial types of bradycardia, apparently 
with diffeient causes and diagnostic signifi- 
cance, have been described As labor ad- 
vances the incidence of bradycardia of shoit 
duration associated with utenne contractions, 
compression of the cord and head, manipu- 
lation of the fetus, and pelvic examinations 
increases in almost all cases The profound 
diop at crowning is a reflex response to com- 
pression of the cianium on the maternal peri- 
neum Unless slowing occurs m the absence 
of such factors oi persists longei than 60 
seconds beyond the end of a conti action the 
infant is not likely to be depressed at birth 
Noimal transient bradycaidia is thought to 
result from vagal stimulation, because the 
conditions undei which it occurs would pro- 
duce hypoxia and because the response can 
be blocked by administering atropine (which 
counteracts vagal action) to either fetus oi 
mother Moie extreme and prolonged slow- 
ing, especially if it is piesent in early as well 
as late labor, is indicative of fetal disbess 
The perinatal moitality rate is tripled among 
infants m whom biadycardia continued for 
over half an houi As might be expected, 
severe bradycardia is most often noted m 
circumstances that augment the noimal, 
transient disturbance of the uteroplacental 
circulation, for example, maternal hypoxia 
and hypertension, toxemic pregnancies, in- 
tense utenne contractions, and looping of 
the cord about the fetal neck 

The same factors that appear to precip- 
itate normal "dips” in heart rate may some- 
times produce temporary tachycardia ( exces- 
sively rapid heart rate), In other instances 
no probable cause of the acceleration can 
be discovered Persistent tachycaidia has 
been observed in connection with acidosis 
and respiratory depression and is piognostic 
of poor condition at birth However, the like- 
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lihood of death, even among fetuses with 
tachycaidia of seveial hours duration, is less 
than in those suffering much shorter penods 
of bradycardia Tachycardia has been inter- 
preted as a defensive response stemming from 
an increase m the activity of the sympathetic 
nervous system initiated by acidosis and hy- 
poxia With a faster heart rate, cardiac output 
rises, impioving the metabolic interchange 
between fetus and mother A use m sympa- 
thetic tone also promotes vasoconstuction m 
nonessential tissues, so blood is diveited to 
the heart, brain, and placenta Between uter- 
ine contractions or with the cessation of other 
sorts of interference with the uteroplacental 
circulation a drop m heart rate helps to con- 
seive the energy lesources (stoied glycogen) 
of the heart It is of interest here that when 
the mothei is given injections of glucose, 
bradycardia during crowning is eliminated 

Although the overall postnatal trend m 
cardiac frequency is downwaid (see Tables 
5 and 6), there is a reversal dm mg the early 
days In addition, vigorous and distressed 
infants continue to differ m then patterns 
of change m heart rate following delivery 
After the first cry, beat fiequency normally 
uses abruptly (in about 2 minutes) fiom the 
low level induced by crowning to a peak 
of 170-180 When the cold of healthy neo- 
nates is clamped befoie respnation is initi- 
ated, biadycaxdia intervenes buefly Othei- 
wise, the time of clamping has no particulai 
effect on heait rate Whether clamping is 
early oi late, the heart late next stabilizes 
temporarily at about 165-170 Between 15 
and 60 minutes later the rate has diopped 
by 40 to 50 beats per minute Asphyxiated 
babies who do not breathe piomptly (Apgai 
scores are, of course, low) have continuing 
and increasing bradycaidia until the lungs 
expand Theieafter, their heart rates are gen- 
erally higher than normal, with a mean over 
180 

Normally heart rate declines fuithei but 
moie gradually during the first day and then 
begins to rise slowly (see data from Benedict 
and Talbot, 1915, m Table 5) Often the 
decrease begins while the baby is very active, 
but it is not mtenupted when sleep ensues 
A decrement during activity is m direct con- 
trast to the situation at all later ages As 
the means and ranges obtained by Eichom 
(1951) and by Keating and Edwards (1888) 


illustrate (see Table 5), even a quiet waking 
state is chaiactenzed by higher rates than is 
sleep In the foimei study rates were read 
from EKGs, wheieas m the latter palpation 
was used Again, the agreement m values is 
notable The data of Lipton et al (1965) 
included m the table show the reduction m 
heait rate when very young infants are 
swaddled While swaddled the subjects spent 
more time sleeping and almost never cried 
Exactly how long the accelerative phase of 
the rate curve lasts cannot be specified be- 
cause the day-to-day change m rate has not 
been tiaced beyond the fust week Judging 
from the means found by Eichom (1951) 
m cioss-sectional gioups and by McCammon 
(1961) m a longitudinal study, deceleration 
begins some time between 3 weeks and 2 
months Lipton, Stemschneidei , and Rich- 
mond (1966) tested 14 infants at ages of 
2 to 5 days and again at 2J4 and 5 months 
and leport significantly higher heart rates 
both befoie and after stimulation during the 
first week Vanability m late was also sig- 
nificantly gi eater then The lability of beat 
fiequency m the young has often been le- 
marked and can be seen in the ranges listed 
m Table 5 Irregularity of fetal heart rate 
has been legarded as evidence of vagal tone 
and the integrity of the autonomic system 
(Camei on, 1967) Sinus arrhythmia — accel- 
eration of heart rate towaid the end of in- 
spiration and slowing towaid the end of 
expiration — is so regular a phenomenon m 
infants, even the newborn, and children 
(Keith, Rowe, and Vlad, 1967, Lipton, 
Stemschneider, and Richmond, 1965, Urbach 
et al, 1965, Vallbona et al, 1963) that its 
absence is suggestive of abnormality m car- 
diac or autonomic function 

Once the long-term decline m heart rate 
begins it continues without further interrup- 
tion except foi a possible leveling-off or even 
slight reversal during the time the adolescent 
growth spurt is at its peak (see Table 6) 
As is tiue of most functional measures, the 
rate of change is steepest during infancy. The 
norms selected for Table 6 also show the 
influence of sex and conditions of measure- 
ment on the frequencies observed Of par- 
ticular interest is the contrast between the 
means reported by Iliff and Lee (1952) and 
by McCammon (1961) These data are from 
the same longitudinal sample examined m 
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Table 5 Heart Rate during Infancy 


Benedict and Talbot, 1915 


Minimal Metabolism 
Mean Range 

Day 

1 

112 

96-129 


2 

114 

88-138 


3 

116 

82-144 


4 

116 

98-132 


5 

116 

96-134 


6 

122 

108-138 


Lipton, Stemschneider, and Richmond, 1960 

Median 

Free Swaddled 




Days 

2-5 127 

Eichorn, 1951 

113 




Asleep 


Awake 

Activity 



Mean 

Range 

Mean 

Range 

Range 

Days 

6-10 

136 

114-159 

150 

132-171 

153-192 


11-20 

136 

114-156 

149 

129-171 

147-192 


21-30 

131 

111-150 

141 

114-165 

126-192 


31-60 

131 

105-150 

138 

114-162 

132-210 


61-90 

123 

108-138 

133 

117-156 

129-183 


Keating and Edwaids, 1888 


Asleep Range 

Awake Range 

Month 1 108-140 

126-156 

2 100-132 

110-150 

3-6 106-118 

110-140 

6-12 114-120 

114-142 

McCammon, 1961 

EKG, supine 


50th percentile 

Range 



M 

F 

M 

F 

Month 1 

152 

151 

105-185 

105-200 

2 

146 

151 

120-185 

110-215 

3 

141 

143 

115-185 

100-220 

4 

138 

142 

110-175 

110-205 

5 

137 

146 

120-165 

125-170 

6 

138 

138 

110-185 

110-190 

9 

136 

133 

110-200 

110-190 

12 

132 

127 

90-190 

100-170 

15 

126 

129 

85-185 

90-190 

18 

122 

120 

95-180 

90-200 

21 

119 

120 

85-155 

85-190 

24 

116 

116 

80-155 

85-190 

27 

114 

113 

80-165 

85-150 

30 

110 

107 

80-160 

75-160 

33 

111 

108 

75-150 

85-155 

36 

103 

106 

70-135 

85-150 
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different situations McCammon’s come from 
the EKGs described m an earlier section The 
subjects were lying quietly but were neither 
sleeping nor in a basal state For their study 
Iliff and Lee used pulse rates taken early 
m the morning immediately after tests of 
basal metabolism and while the children were 
fasting, quiet, and relaxed Metabolic tests 
on infants were made after feeding at various 
times of day They slept during the test, 
and pulse rates were determined as soon as 


they awoke Pulse was counted for at least 
30 seconds during palpation of the wrist m 
children and auscultation (with a stethoscope 
placed ovei the heart) or sometimes palpa- 
tion of the ankle m infants The lowest rate 
under these conditions was recoided 

Among the developmental changes that 
may underlie the overall decline m heart 
rate are decreasing metabolic rate and body 
temperature and increasing respnatory effi- 
ciency, vagal control, blood piessure, and 


Table 6 Age and Sex Norms for Heart Rate 



Allen- 











Study 

Williams, 


Lincoln, 


McCammon, 

Iliff and Lee, 

Shock, 


1945 



1928 


1961 

1952 


1944 

Conditions 

Sleeping 

Horizontal 

Vertical 

EKG. 

i Supine 

Basal 

Basal 

Age (yrs ) 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

05 







138 

138 

135 

126 

— 

— 

0 75 

122 

109 

— 

— 

— 

— 

136 

133 

— 

— 

— 

_ 

10 







132 

127 

— 

— 

— 

— 

1.5 

102 

110 

— 

— 

— 

— 

122 

120 

105 

104 



Mam. 

20 



108 

95 

108 

114 

116 

116 



__ 



25 

100 

106 





110 

107 

93 

93 

_ 


30 



95 

96 

102 

103 

103 

106 




,1 

3.5 

100 

102 





102 

104 

87 

89 



40 



92 

91 

100 

99 

99 

97 




__ 

45 

101 

101 





98 

93 

84 

84 

— 


50 



88 

91 

95 

99 

97 

96 



— 

— 

5.5 







88 

90 

79 

79 

— 

— 

60 



86 

90 

95 

94 

87 

91 



— 

— 

65 







86 

87 

76 

77 

__ 


70 



85 

87 

92 

94 

86 

86 



— 

— 

75 







84 

84 

75 

76 



8.0 



81 

83 

90 

92 

83 

81 







85 







82 

82 

73 

73 




00 



82 

84 

88 

90 

80 

82 





95 







76 

87 

70 

70 

— 


10 0 



79 

84 

89 

89 

77 

78 





— 

10 5 







76 

74 

67 

69 

— 


110 



80 

80 

85 

91 

73 

76 






11.5 







77 

74 

67 

69 

68 

74 

12 0 



79 

83 

82 

89 

74 

83 



70 

71 

12.5 







72 

77 

66 

69 

67 

69 

13.0 



79 

74 


82 

74 

72 



66 

68 

13 5 



— 

— 

— 


72 

74 

65 

68 

66 

70 

14.0 



— 

— 

— 

— 

68 

76 



67 

68 

14.5 



— 

— 

— 

— 

72 

70 

62 

66 

66 

68 

15,0 



— 

— 

— 

— 

68 

72 



65 

67 

15,5 



— 

— 

— 

— - 



61 

65 

63 

67 

16 0 



— 

— 

— 

— . 

64 

69 



62 

66 

16.5 



— 

— 

— 

— 



61 

66 

61 

66 

170 



— 

— 

— 

— 

64 

71 



59 

64 

175 



— , 

— 

— 

— 

67 

68 

60 

65 

59 

64 

180 



— 

— 

— 

— 

64 

71 




19 0 



— 

— 

— 

— 

63458 

64-75 





20-30 



— 

— 

— 






60-61 

65-69 
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muscularity and volume of the heart The 
basic function of the heait is to keep the 
tissues supplied with oxygen and nutrients 
and sufficiently free of wastes As growth 
rate declines, so also does metabolic rate, 
hence relatively less blood flow is requned 
The major determinants of blood flow axe 
resistance to flow (vasomotor tone), aitenal 
pressure, and cardiac output, which is the 
product of stroke volume and heart rate 
Undei noimal conditions, blood pressure and 
heart rate are negatively con elated The lole 
of increased heart volume and stiength and 
vasomotor tone have aheady been cited as 
influences m the developmental mciease m 
blood piessure Heart rate is positively cor- 
related with body temperature and changes 
approximately 11 beats per minute foi each 
change of 1°F m oral tempeiature (Tanner, 
1951) Body temperature tends to vary di- 
rectly with metabolic rate 

Smith (1959) attnbutes the immediate 
postnatal deceleiation m heait rate to altera- 
tions m vascular resistance, caidiac output, 
and othei aspects of circulatory dynamics 
rather than to a reduction m metabolic rate, 
for the latter may actually be mci easing 
Another possible factoi is body tempeiature, 
which diops several degiees within an hour 
aftei birth and remains low foi seveial more 
The extent and dnection of the sex difference 
m tempeiature which appears during adoles- 
cence (see Table 6) and continues into 
adulthood is just about sufficient to account 
for tlie sex difference m heart rate which 
develops concurrently (Tanner, 1962) 

As Lipton et al (1965) note, an increase 
m cardiac late during the fust few weeks 
or months is contradictory to the change that 
would be predicted from the inverse associ- 
ations of heart rate with blood pressuie and 
heart weight and volume They suggest that 
biochemical changes and mci easing sympa- 
thetic tone may be responsible for increments 
m both heart rate and blood pressuie Phys- 
iological anemia (see Hematology) may play 
a role m the transient rise m heart rate As 
blood levels of hemoglobin diop, an in- 
crease in cardiac output may be needed to 
offset the lower oxygen-cairymg capacity of 
the blood From Smith’s view of the causes 
for the fall m heart rate on the first day, the 
succeeding temporary nse would simply rep- 
resent a recovery period during which heart 


rate returns to levels approximating those 
befoie labor 

RESPIRATION 

The drama of the first breath has touched 
the imaginations of physiologists and pedi- 
atncians as well as psychoanalysts and poets 
In a few brief moments each newborn must 
abandon one respiratory system — the placenta 
and its circulation — and make functional 
another, which is not only untried but also 
sohd and full of fluid As one authority on 
the physiology of the newborn has put it, 
“The first bieath of a newborn baby must 
give even the most experienced physician a 
small thrill of excitement Until that sudden 
mdrawmg of air occuis the baby’s life is m 
doubt, even though the heart is beating 
Other problems may be put off for hours, days 
or weeks, but if the baby is to live, it must 
begin moving air into and out of its lungs 
within minutes after emerging fiom the birth 
canal” (Smith, 1963, p 27) He goes on to 
point out that the newborn is a “physiolog- 
ically displaced peison” thrust “into an en- 
tirely new medium with such novel physical 
pioperties it is astonishing that the infant is 
able to deal with it so promptly and effec- 
tively ” 

By comparison, the facts that must be 
known to understand the respiratoiy process 
— the anatomy of the respiratoiy tract, the 
mechanics of bieathmg, the physiology and 
biochemistry of gas transport, exchange, and 
utilization, and the chemical and nemal con- 
trol mechanisms — may seem prosaic, if in- 
tricate The primary function of respiration 
is, of course, to supply the tissues with oxygen 
so tli at the energy m food can be released for 
woik and heat and to remove the caibon di- 
oxide produced during this combustion* As 
one of several interrelated and integrated 
functions, however, respiration also contrib- 
utes to the control of body temperature and 
the maintenance of fluid and acid-base 
balance. 

The metabolic processes through which 
oxygen passes from the blood into the cells 
and is utilized and by which caibon dioxide 
is produced and returned to the blood are 
called internal respiration, gaseous metab- 
olism, or intermediary metabolism. In the 
last analysis the late of combustion deter- 
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mines the amount of air that must be taken 
into the lungs m order to reduce the excess 
carbon dioxide and to replace the oxygen 
that has been removed fiom the blood Nevei- 
theless, this phase of lespnation customarily 
is treated apart from external respiration 
Subsumed under the latter term are the pro- 
cesses involved m the exchange of oxygen 
and carbon dioxide between body and 
environment, that is, the inspiration and ex- 
piration of air and the passage of oxygen 
from the alveoli (terminal an sacs of the 
lungs) 

The circulation supplies the connecting link 
between external and internal respiration, and 
the circulatory and respiratory systems are 
closely integrated If either is impaired, com- 
pensatoiy adjustments occui in the othei 
Indeed, the heait may quite properly be con- 
sidered one of the most impoitant organs of 
respiration It and the gas transport mech- 
anism of the blood are limiting factors m the 
efficiency of respnation, for the ability of the 
heart to pump blood and the oxygen-cai ly- 
ing capacity of the blood set the rate at which 
oxygen can be delivered to the cells 

Breathing is the mechanical aspect of the 
respiratory process The amount of gas inter- 
change with the atmosphere is determined 
by the mechanics of respiration, and these m 
turn depend upon the structural character- 
istics of the chest and respiratory tract (nasal 
passages, larynx, trachea, bronchi, and lungs), 
especially the lungs Because the development 
of respiratory function is almost impossible 
to mterpret without some knowledge of the 
essential apparatus, the more significant fea- 
tures of anatomical development will be re- 
viewed first 

Anatomical Development 

Almost coincidentally with the initiation of 
circulation to the fetal “lung,” the placenta, 
m the fourth week, the bud of the pumitive 
endodermal tube that constitutes the pn- 
mordium of the lung appears A day or two 
later two primary blanches, the major bronchi, 
can be distinguished Next, the nght bron- 
chus, which is larger, produces two side buds 
and the left only one. This unequal division 
presages the final plan of the lungs — three 
lobes on the light and two on the left By 
successive generations of branchings these 
three new buds and the original two each gives 


rise to the bronchial tree of one of the five 
lobes of the mature lung Cartilage begins to 
be deposited m the bionchi and larger bron- 
chial tubes at appioximately the tenth week, 
and by the twenty-fourth about as much has 
been laid down as is present at full term 

Once the bronchial trees are well estab- 
lished, the many lobules that compnse each 
lobe of the adult lung start to develop From 
each of the many terminal bionchioles a 
number of irregular passageways, the alve- 
olar ducts, are extended Eventually every 
duct acquues bushy sacs of alveoli Several 
alveolai sacs converge on a common chamber, 
the atrium, and the atria lead into the alve- 
olar duct 

Very shortly after definitive alveoli begin 
to be elaborated, the cuboidal or columnai 
cells of their epithelial lining stait to become 
flattened or platelike, and a netwoik of cap- 
lllanes pi olif eiates close to the expanding 
airways Within another foui weeks there 
are two distinct classes of epithelial cells, one 
of which contains a substance called surfac- 
tant or its precursor Whether these cells 
secrete or simply store this material is not 
known 

Until differentiation of the alveoli and ad- 
jacent capillanes, thinning of the alveolar 
lining, and production of the surfactant have 
piogressed fai enough to permit gas exchange 
commensuiate with tissue needs, the fetus 
cannot survive independently The alveoli and 
capillanes provide the surface for the inter- 
change of oxygen and carbon dioxide, and a 
thin alveolar epithelium makes rapid diffusion 
of these gases possible In the matuie lung 
the alveoli remain open and diffusion con- 
tinues throughout the respiratory cycle Sui- 
factant is thought to foim a surface film on 
the alveolar lining that helps to keep the air 
spaces from collapsing each time air is ex- 
haled The pioperties and loles of this sur- 
face-active material are dealt with moie fully 
m the discussion of the first breath which 
follows (seepp 50-51) 

Exactly when new bronchial tubes and 
bronchioles cease to be formed and when the 
alveoli first appear, change the structure and 
composition of their epithelial lining, and be- 
come invested with capillary loops are still 
matters of dispute. Recent woik indicates that 
most of the bronchial branching takes place 
by the fourteenth fetal week (Bucher and 
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Reid, 1961, Cudmore, Emery, and Mithal, 
1962) 

Although some authorities set the time of 
appearance of alveoli and capillanes, flat- 
tening of the alveolai epithelium, and secre- 
tion of surfacant at 26 to 28 weeks (Avery, 

1964, Avery and Mead, 1959, Potter, 1953), 
most studies place these events between the 
fourth and six months (Bamaid and Day, 
1937, Bucher and Reid, 1961, Campiche et 
al , 1963, Gruenwald, 1963, 1966, Loosli and 
Potter, 1959, Palmer, 1936, Reynolds et al , 

1965, Shoit, 1950) Seven months is the typ- 
ical “zone of viability,” but the fact that some 
infants bom at youngei gestational ages sur- 
vive also supports the contention that these 
processes basic to postnatal respiratory func- 
tion have an earliei beginning This aigument 
is not conclusive, because even at full-term 
individual diffeienees m the matuiabon of 
the lungs aie considerably greatei than they 
are at latei ages (Cudmoie, Emery, and 
Mithal, 1962, Kikuchi, 1962) 

There is geneial agreement that the num- 
ber of alveoli and terminal airways and the 
area of air-tissue interface mciease markedly 
aftei birth (Barnard and Day, 1937, Bremei, 


1935, Buchei and Reid, 1961, Dunnill, 1962, 
Emery and Mithal, 1960, Engel, 1947, 1962, 
Foman, 1961, Kikuchi, 1962, Willson, 1928), 
although estimates of the timing of diffeient 
types of growth vary Disci epancies aie to 
be expected, foi measuiements on the lungs 
are fraught with technical difficulties, the 
number of subjects is usually small, tissue 
must be obtained fiom autopsies, so some can 
be assumed to come fiom cases with respi- 
ratory disorders (and, piobably, deficient 
development), and, as just noted, individual 
differences are considerable m the young 
In Table 7 the widely cited data of Dunnill 
(1962) are presented together with ratios 
that lllustiate giowth rates The number of 
alveoli increases at a decelerating pace By 
4 years the child has almost 90% of the 
alveoli and half of the teiminal airways of the 
adult At about 8 yeais the adult levels are 
reached (the apparent small inclement m 
alveoli theieaftei may not be significant) 
However, the air- tissue interface (amount of 
alveolar surface area available foi gas ex- 
change) more than doubles between then 
and adulthood, its giowth curve appioxima- 
tmg that of body mass In ci ease m lung size 


Table 7 Age Tiends in Terminal Respiratoiy Units 






Age 





Birth 

3 Months 

7 

13 

4 Years 

8 

Adult 

Number of alveoli' 1 

(X 106) 

24 

77 

112 

129 

257 

280 

296 

Ratio to birth value 

— 

32 

47 

54 

10.7 

11.7 

12 3» 

Number of airways® 

(x 10 e ) 

IS 

25 

3.7 

45 

79 

14 0 

14 0 

Ratio to birth value 

— 

1.7 

25 

30 

53 

93 

9 3 b 

Air-tissue interface 11 
( sq.m ) 

28 

72 

8.4 

12 2 

22.2 

32.0 

75 0 

Ratio to birth value 

— 

26 

30 

44 

7.9 

114 

26 8 b 

Body surface area c 
(sqm ), 

Ratio to birth value 


14 

18 

21 

32 

44 

9 0» 

Air-tissue interface per 
unit body surface area 

13 3 

24 8 

221 

271 

33 1 

34 8 

39 5 

Body weighty 

ratio to birth value 


3.6 

48 

61 

101 

16.4 

18 5 


a Data from Dunnill, 1962 Ratios were calculated from these data 

b Dunnill estimates these ratios as 10, 10, 21, and 9, respectively 

c Data for these ratios were taken from pooled age norms from several sources 
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after the formation of new units ceases comes, 
of course, from the growth of existing ones 
Other mvestigatois (Engel, 1962, Kikucki, 
1962) repoit that the transition to growth 
only by expansion of tissue already present 
occurs at around 3 to 5 yeais As long as new 
units aie being differentiated, the possibility 
of replacing destroyed tissue may remain 
Thereafter, regeneration is unlikely 

Engels (1966) distinction between 1 m- 
matuie and matuie alveolation is of intei est in 
its own right and also helps to explain in- 
consistencies among anatomists in the age at 
which alveoli aie lepoited to appear and m 
the numbeis estimated During late prenatal 
and eaily postnatal development the alveoli 
aie small (about one-fourth the adult diam- 
etei) and quite flat and undiffeientiated By 
the end of the first year they are largei , moi e 
elevated, and much better diffeientiated 
Whereas the numbei of alveoli, their sui- 
face area, and the total lung volume (about 
1/20 to 1/40 of adult value, Engel, 1962, 
favors the lattei estimate) of the newborn 
are small, the tiachea, bionchi, and bion- 
chioles aie about one-thud, one-half, and 
one-fourth, respectively, of adult size Then 
postnatal giowth curve also diffeis, being 
more like the "general” curve of growth, with 
a rapid mci ease during infancy, an adolescent 
spuit, and slow, steady inciements dunng the 
intei im About 30% of the neonate's lung 
volume is made up of interstitial tissue, m 
conti ast to 10-15% m the adult Thus the 
anatomical “dead space” of the neonates 
lungs (area not used m gas exchange) is 
proportionately greatei Helping to offset the 
resultant reduction m lespiratoiy capacity 
is the fact that the surface aiea for gas inter- 
change is greater per unit tissue while the 
alveoli are small than it is aftei they increase 
m size and change m shape 
The large width of the upper parts of the 
respiratory tract, then absolutely shoit length, 
and the deficiency of mucous glands in then 
linings rendei the infant more susceptible to 
infections At the same time, the smaller ab- 
solute size of the passages means that they 
are more easily obstructed by foieign objects, 
inflamed tissue, or collapse of the suppoitmg 
walls, Foi a number of leasons the lung of 
the young infant is less resistant to atelec- 
tasis (collapse) than is that of the adult The 
bronchiolar muscle is thin, offering less sup- 


port, there is less collateral ventilation among 
the terminal air spaces, and the alveoli are 
smallei m diameter and have a gieatei curva- 
ture In piemature infants and some full-term 
ones suffering fiom respiratory distress, the 
likelihood of atelectasis is enhanced by a de- 
ficiency m the amount or composition of 
surfactant Because secretion of this substance 
is now believed to begin quite eaily m gesta- 
tion, a deficiency is attributed to some factoi, 
such as an inadequate pulmonaiy blood sup- 
ply, that reduces the amount of suif actant 
or changes its nature 

Among the structural determinants of the 
resistance of the ail ways to the passage of 
air are the length of the tubes, the numbei 
in parallel, and their width The last is the 
most important, lesistance varying inversely 
with the fouith powei of the radius of the 
tubes Because the tiacheobronchial tiee is 
wide, the amount of piessuie needed for the 
first inflation of the lungs and the degiee of 
resistance to subsequent inflations m the in- 
fant aie quite great 

The physical growth of the lungs and the 
tempoiary expansion of them with each m- 
spnation are limited by the size of the chest 
So small is the chest of the fetus that the 
lungs, although small in propoition to an 
adult's, aie squeezed between the ribs and 
beai the marks of them Eaily postnatal 
giowth of both the chest and lungs aie lapid 
but piopoitionate, so the depth of lespuation 
continues to be restricted Later the late of 
giowth in thoracic diameter begins to out- 
strip die late of increase m lung volume 

Additional handicaps to deep respiration 
are the pool development of the thoracic 
muscles, the position of the libs, and the 
large size of the heart, liver, and stomach 
Like all of the infant's muscles, those of in- 
spiration are weak The tissue of infants has 
a high propoition of water and a low pro- 
poition of nitrogen, an essential component 
of piotein foi muscle Even if the muscles 
were stionger, little oi no elevation of the rib 
cage is possible because the ribs are still 
caitilagmous and positioned horizontally 
Little change in position occurs dunng the 
first yeai Throughout the second and third 
the descent is fairly lapid By age 7 the angle 
of descent has become quite similai to that 
of the adult The large heart occupies a dis- 
pioportionate amount of the small thoiax, 
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and the large size of the abdominal organs 
such as the liver and stomach prevents ad- 
equate contraction of the diaphragm 

How this combination of anatomical lim- 
itations influences the character of lespiration 
can be seen when one considers the two ways 
m which inspiration may take place in the 
adult The diaphragm can conti act, pushing 
out the abdomen and increasing the lmeai 
dimension of the thorax Alternatively, the 
ribs can be raised, increasing the cross- 
sectional area of the chest Actually, both 
sorts of expansion occur to some degree m 
both costal and diaphragmatic or abdominal 
breathing, but the sequence is different In 
costal breathing, the upper ribs move first, 
followed by bulging of the abdomen In 
diaphragmatic breathing the abdomen is ex- 
tended first, followed by some movement of 
the thorax Either type of inspiration is suf- 
ficient to fulfill the respiratory needs of a 
normal peison even during mild exeicise 
Both usually occur in older childien and 
adults 

At all ages diaphragmatic movements pio- 
vide a greater amount of the total volume of 
air inspired under ordinary conditions Among 
infants, breathing is primarily abdominal, de- 
spite the handicaps already mentioned Costal 
respnation begins to play a laiger role some- 
time between the fifth and seventh years 

The fluid filling the fetal lungs has been 
the source of two research questions (I) 
Where does it come from?, and (2) How is it 
removed? For many years it was believed 
that this liquid was ammotic fluid, inspired 
during fetal respiratory movements These 
movements were another issue of conti oversy, 
for some viewed them as "practice” for post- 
natal existence Evidence for such movements, 
and particularly for the aspnation of ammotic 
fluid as the sornce of lung fluid, is tenuous 
(see reviews m Smith, 1959, Adams, 1966, 
Avery, 1964, James, 1966, James and Adam- 
sons, 1964) Today respiratory movements 
are thought to occur during the latter part of 
gestation only under abnormal conditions, 
for example, when there is some interference 
with placental gas exchange Although occa- 
sional respiratory-like movements may be 
normal earlier in gestation, they would be 
very unlikely to be effective in moving any- 
thing into the rather solid lungs. The hypoth- 
eses now favored are that lung fluid is either 


actively secreted by the lungs or is an ultra- 
filtrate of blood plasma from the pulmonary 
capillanes Because lung fluid and blood dif- 
fer m some respects, the second alternative 
requires the additional assumptions of selec- 
tive reabsorption oi secretion of some con- 
stituents Elimination of lung fluid is one of 
the many events accompanying the onset of 
breathing 

Onset of Respiration 

The establishment and continuation of res- 
pnation adequate to postnatal needs involves 
not only removal of fluid from the lungs but 
also development of sufficient pressure to over- 
come the initial strong lesistance to inflation, 
retention of a volume of an between mspi- 
lations, even distribution of that volume 
throughout the lungs, a large increase m pul- 
monary blood flow over the fetal level (which 
is brought about by redistribution of the car- 
diac output), and a nice adjustment of the 
circulatory and respiratory systems so that 
the alveoli are perfused by a volume of blood 
appropriate to the required late of gas ex- 
change To an astonishing extent these pro- 
cesses are accomplished by the end of the 
first respiratory cycle m healthy newborns 

In the course of a vaginal delivery piessure 
of the pelvic muscles and vaginal walls on 
the cartilaginous and therefoie rather un- 
resistant thorax squeezes a considerable 
amount of fluid from the lungs It is expelled 
through the nose and mouth, and more fluid 
usually drams out undei the force of gravity 
when the infant is suspended by its feet at 
delivery The amount of fluid lost m this way 
is between one-fourth and one-third of the 
functional residual capacity (volume of air 
left m the lungs at the end of a normal ex- 
piration) of an infant several days old (Karl- 
berg, 1960) That remaining must be cleared 
rapidly because by 15 minutes or so after de- 
livery the functional residual capacity is very 
close to the typical neonatal level Observa- 
tions on lambs (Boston, Humphreys, Rey- 
nolds, andStiang, 1965) and rabbits (Aherne 
and Dawkins, 1964) suggest pulmonary lym- 
phatics as one route of elimination Other 
possibilities are evaporation and absorption 
into the blood (Avery, 1964, James and Ad- 
amsons, 1964) 

Even after the respiratory passageways are 
open and some air remains in the lungs be- 
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tween inspirations, force must be generated 
to bring new air into the lungs An flow m 
and out of the lungs is governed by changes 
in the mtrapulmonary (mtra-alveolar) pres- 
sure Between respiratory cycles no air moves 
because the pressure within the lungs is the 
same as that of the atmosphere During in- 
spiration the volume of the lungs is increased, 
and, because gases expand to fill the volume 
available to them, the air already m the lungs 
also expands, intra-alveolar pressure is re- 
duced below atmospheric, and air flows into 
the lungs When the inspiratory muscles stop 
contracting, the elastic fibers of the lungs 
retract to their original length, mtrapulmomc 
pressure increases above that of the atmo- 
sphere, and air is forced out of the lungs The 
inspiratory foice must also be sufficient to 
offset the resistance to flow offeied by the res- 
piratory tract (discussed earlier) and by the 
viscosity and turbulence of an 

Additional pressure is required at birth to 
overcome the viscosity of the lung fluid and 
the resistance produced by surface tension at 
the air-liquid interface and force open the 
undistended lungs Experimental work with 
mature fetal lambs (Strang, 1965) shows that 
a considerable opening pressure must be gen- 
erated before any air enteis the lungs Beyond 
that point a small increment m pressure will 
bring about almost complete inflation Watei 
is seveial dozen times as viscous as an and 
a thousand times as dense On the other hand, 
less pressure is required to inflate a lung that 
contains some fluid than one that is com- 
pletely collapsed (Avery, Frank, and Gnbetz, 
1959) This advantageous effect of fluid may 
result from its effects on the curvature of the 
airways Because the surface tension forcing 
the walls together is inversely proportional to 
the radius of curvature, spaces distended with 
fluid are less likely to collapse Moreover, 
lungs containing fluid may not be so easily 
blocked by inspissated material (Avery, 1964) 
Of the various sources of resistance to in- 
flation, surface tension at the an -liquid in- 
terface is probably the greatest Almost half 
the pressure needed for the initial inflation is 
used to counteract this tension (Nelson, 1966) 
The fact that surface tension is strongest in 
small air spaces means not only that the small 
alveoli are more subject to collapse, but also 
that in an intercoimectmg system, such as the 
air sacs, air from smaller units will tend to 


empty into larger ones Unequal distribution 
of gases interferes with efficient respiration 
Surfactant supplies two properties that alter 
the surface tension of lung fluid (see review 
m Mead, 1961) First, lung fluid containing 
surfactant is able to develop very low tension 
Second, surfactant permits suiface tension to 
vary directly with surface area rather than 
simply inversely with curvature Thus as the 
surface area is extended surface tension in- 
creases Conversely, if the alveoli are com- 
pressed (a normal occurrence dunng expi- 
ration), surface tension decreases markedly 
It is this characteristic that maintains the 
stability of the air spaces With pressuies m 
air spaces about equal regai dless of then size, 
air does not move from smaller sacs into 
larger ones 

Given lungs partially emptied of fluid 
through pressuie on the thorax, the infant 
delivered vaginally is further aided m in- 
flating his lungs by a reflex expansion of the 
chest When the compressed thorax is freed 
from the confines of the birth canal, an elastic 
recoil of the chest walls sucks air into the 
respiratory tract (Karlberg, 1960) The 
amount of air taken m just about replaces the 
amount of fluid lost (7 to 42 ml ) and can 
be as much as 20-25% of the total lung 
capacity Individual diffeiences m fluid loss 
and the extent of the recoil may account m 
part for differences among healthy infants 
m the effort required for inflation Some vig- 
orous newborns seem to breathe almost with- 
out effort (James, 1966) Measurements 
made dunng the first breath (Karlberg, 
Cherry, Escardo, and Koch, 1962) show in- 
ti athoracic pressures to range fiom 20 to 70 
cm H 2 0 below atmospheric pressure and the 
intake of air to vary from 20 to 80 ml Al- 
though the pressures applied and the work 
required to generate them are considerable, 
they are no greater than those typical dunng 
a good cry after respiration is established 

Why breathing begins is as intriguing a 
question as how the first breath is accom- 
plished mechanically The obvious answer — * 
the baby needs to renew his supply of oxygen 
and rid himself of carbon dioxide — is not suf- 
ficient, First and most important, such a 
statement says nothing about the trigger 
mechanism (s) Second, newborns who are 
not asphyxiated, sedated, or otherwise im- 
paired usually breathe almost immediately 
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and before they are severed from the placental 
“lung” Speculation about, and investigation 
of, the way m which respiration is stimulated 
center around two general classes of stimuh — 
chemical and sensory 

Once established, spontaneous respiration 
is controlled by impulses from respiratory 
centers (inspiratory center and expiratory 
center) m the medulla oblongata m the lower 
brain stem The activity of these centers is 
regulated primarily by the degree to which 
they are stimulated by chemoreceptors, re- 
ceptor cells sensitive to variations m blood 
chemistry An increase m the carbon dioxide 
pressure or hydrogen ion concentiation or a 
decrease m the oxygen pressure of arterial 
blood activates the respiratory center, but 
this action is mediated by the chemorecep- 
tors 

In the adult the central chemoreceptors, 
which probably he on the ventral surface of 
the brain stem, are the major chemical reg- 
ulatory mechanism They seem to respond 
chiefly to the hydrogen ion concentration m 
the cerebrospinal fluid Hydrogen ions and 
caibon dioxide pass from the blood into this 
fluid The carbon dioxide is hydrated to form 
carbonic acid (H 2 C0 3 ) Then much of the 
acid dissociates, increasing the hydrogen ion 
concentration In this way the hydrogen ion 
concentration of the ceiebrospmal fluid par- 
allels the partial pressure of carbon dioxide 
in artenal blood, and hence an increase m 
carbon dioxide rather than a decrease m 
oxygen is the chief means by which respira- 
tion is adjusted to metabolic need 

The peripheral chemoreceptors, the aortic 
and carotid bodies (located below the aoitic 
arch and m the bifurcation of each common 
carotid artery, respectively) , normally play 
a more minor role, although they have an 
important emergency function Unlike the 
central receptors, these bodies are sensitive 
to a reduction m the partial pressure of 
oxygen, as well as to increases m the partial 
pressure of carbon dioxide or m hydiogen 
ion concentration and have then maximum 
effect during asphyxia Whereas the cential 
chemoreceptors aie readily depressed by 
anoxia, excess caibon dioxide, or anesthesia, 
the peripheral leceptors react to oxygen lack, 
They continue to stimulate the lespiiatory 
center despite depiession of the central re- 
ceptors 


As the peripheral receptors are the stimulus 
for the last gasp, so it is thought they may be 
the deciding factor m the first During labor 
and delivery gas exchange through the 
placenta is impaired, although to varying 
degrees depending upon the circumstances 
At birth the oxygen tension of artenal blood 
is below normal and the carbon dioxide pres- 
sure and hydrogen ion content above normal 
even m the healthy products of uneventful 
labors Considerable evidence has been 
amassed to indicate that both the central and 
peripheral chemoreceptors are well developed 
by term (see reviews m Brady and Tooley, 
1966, Cross, 1961, Nelson, 1966, Purves and 
Biscoe, 1966) However, if the central re- 
ceptors are depressed, activity of the penph- 
eral ones may well become the major rather 
than the minor mediator of chemical stimula- 
tion to breathing 

Experimental results and clinical experi- 
ence support the inference that sensory 
stimuh are somehow important m the initia- 
tion of respiration The traditional spanking 
for nonbreathers is but one example From 
a watery envuonment in which it is weightless, 
warm, and somewhat shielded from light, 
sound, and vibration, the fetus is piopelled 
by vigorous pressures into a cold, bright, 
noisy one m which he has weight and is sub- 
jected to manipulations A true experiment m 
which one possible determinant is systemati- 
cally varied while others are held constant is 
difficult to accomplish even for the chemical 
variables Especially with the human infant, 
real control of the sensory vanables is impos- 
sible 

From work with lower animals (see reviews 
m James and Adamsons, 1964, and Puives 
and Biscoe, 1966) it appeals that none of the 
chemical factors (oxygen, carbon dioxide, hy- 
drogen ions) singly will bung about breath- 
ing In combination they are effective On the 
other hand, coohng, which is maiked at birth 
(see Temperature), will stimulate legular res- 
piration m the absence of changes in the gas 
tensions or hydrogen ion concentration of the 
blood (Dawes, 1965, 1966) Tactile stimuli 
alone, even when intense and lepetitive, will 
not (Hamed, Wolkoff, Pickrell, and MacKm- 
ney, 1961) 

The failure of independent chemical 
changes to induce lespiration is interpreted to 
mean either that the chemoreceptors of the 
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newborn are not responsive to oxygen lack 
except in the presence of high carbon dioxide 
pressure and/or hydrogen ion concentration 
or that the threshold of the respiratory centei 
is so high that stimulation fiom the penpheial 
chemoreceptois is not sufficient to induce in- 
creased activity In the adult the responsivity 
of the respiratory center depends upon the 
activity of the reticular formation of the hind- 
brain, and its excitability is a function of the 
input from sensory receptors After delivery 
the level of activity seems to use, and the 
flood of sensoiy impulses may be the reason 
Stimulation of baroreceptors by a rise m blood 
pressure subseqeunt to cutting of the coid 
and increased secretion of epinephrine m re- 
sponse to stress may also act as supplementary 
stimulants to breathing To date, the evidence 
suggests that the initiation of respiration is 
typically multiply-determined Certainly, if 
one were designing the ignition for so im- 
portant a system, prudence would dictate 
alternative mechanisms 

Development of Pulmonary Function 

Standard tests of pulmonary function in- 
clude lung volume and its components, the 
distensibility of the lungs and chest, resis- 
tance of the airways, respiratory rate, and 
timed breathing capacities Also of concern 
are the distribution of air among alveoli and 
between alveoli and dead space, the tiansfer 
of gases between alveoli and blood m the 
pulmonary capillaries, and alveolar-arterial 
differences in oxygen and carbon dioxide ten- 
sions Most of these measures require volun- 
tary effort and conformity to instructions 
Among the other problems m testing infants 
and young children aie keeping activity level 
similar from subject to subject and the appa- 
ratus properly adjusted to variations m size 
and position Although means have been de- 
vised to estimate most aspects of pulmonary 
function even m newborn infants, of necessity 
they axe often approximations of the condi- 
tions prescribed for adults 

When the various tests are used to chart 
the course of normal development additional 
difficulties anse Not only must body size be 
taken into account, a step that involves a 
decision as to which measure, say, weight, 
height, or surface ar^a, is most appropriate, 
but sometimes also total lung volume or oxy- 
gen requirement, feat is, metabolic rate 


In view of these considerations it is not 
surprising that authorities sometimes differ m 
their interpretations of the adequacy of lung 
function m the young relative to the adult 
and that comparative statements typically 
must be made m general lather than exact 
terms 

The classic instrument foi obtaining most 
measures of lung capacity is the spirometer 
In essence this apparatus consists of a con- 
tainer of gas from which the subject breathes 
via a tube held m his mouth (his nose is 
occluded) and a recording device foi con- 
tinuous registration of changes m the volume 
of gas m the container During the fiist few 
weeks of life infants do not normally bieathe 
through then mouths, and children less than 
about 5 years old cannot be depended upon 
to retain a tube m their mouths Therefore a 
nasal or facial mask is coupled to the tubing 
Lung volumes can also be denved from air- 
flow measurements made with a pneumo- 
tachy graph, which is a mesh scieen of known 
resistance to air flow through which the sub- 
ject breathes It is attached to a mask, but no 
tubing is required 

One major disadvantage of masks and tub- 
ing is the increase m the dead space through 
which air must be moved What would for an 
adult be a relatively small amount of instru- 
mental dead space may be equal to or greater 
than the anatomic dead space in infants and 
cause alterations m the late and pattern of 
breathing Probably the most successful at- 
tempt to design a valved nasal mask with little 
dead space and resistance to air flow is that 
recently leported by Silverman, Sinclair, and 
Buck (1966) 

The study of pulmonary function need not 
be entirely a saga of "through childhood with 
tube and mask” Alternative techniques for 
measuring lung capacities m which neithei 
piece of equipment is requned aie standard 
and impedance plethysmography and barom- 
etry For standard plethysmography the sub- 
ject lies in an airtight box with only his head 
or face exposed As the air around his body 
expands and contracts with movements of 
the thorax, the changes m volume can be 
recorded with a spirometer connected to the 
box or fee changes in pressure with pressure 
transducers A total body plefeysmograph — 
one in which the subject is completely en- 
closed — is used for barometry and impedance 
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plethysmography The barometric method de- 
pends upon the fluctuations m piessure pro- 
duced in the chambei when inspired air is 
warmed by the lungs, becomes saturated with 
water vapor, and expands In impedance ple- 
thysmography changes m thoracic gas volume 
are detected by measuring mci eases and de- 
creases m the conduction of a small alternat- 
ing cuirent passed between two electrodes 
attached to the chest From simultaneous 
comparisons of volumes and lespiratory rates 
determined by air-flow meter, barometry and 
impedance plethysmogiaphy, and pneumo- 
graphic recording with a sham gauge like 
that used m measuring limb blood flow (see 
Blood Pressure), Polgar (1965) concluded 
that barometry is the most satisfactory method 
foi infants 

Not all the subdivisions of total lung ca- 
pacity (maximum volume of air that can be 
contained in the lungs without rupture) usu- 
ally measured in adults have been studied 
m infants and children Those most frequently 
assessed are (1) tidal volume, the amount 
of air moved into or out of the lungs with each 
breath during noimal, quiet lespuation, (2) 
vital capacity, the largest volume of an that 
can be expired after a maximal mspnation, and 
(3) functional residual capacity, the amount 
of air left at the end of a passive expiration 

Lung volumes vary with height and surface 


area and to a lesser yet marked degiee with 
chest dimensions and weight but are largely 
independent of age pei se (Demuth, Ho watt, 
and Hill, 1965, see also reviews m Shock, 
1966, and Smith, 1959) For this reason, most 
data have been repoited as a function of one 
or more physical measuiements without ref- 
erence to age Only vital capacity, which is 
regarded as one of the most useful mdicatois 
of pulmonary function, has been i elated to 
age with sufficient frequency and at enough 
points to produce a relatively systematic pic- 
ture of age trends and sex differences Un- 
fortunately, the failuie of most investigators 
to adjust for size befoie plotting by age re- 
duces the inferences that can be diawn about 
the effect of matuiational vanables other than 
gross size 

Although infants cannot be asked to per- 
form a maximal inhalation and exhalation, 
they can easily be provoked into a highly 
rehable approximation of it — “crying vital ca- 
pacity" Within 7 minutes after delivery this 
volume ranges from about 50 to 100% of 
that measuied several days later (Sutherland 
and Ratcliff, 1961) From reviews of the lit- 
erature Nelson (1966) concludes that the 
vital capacity (and total lung capacity) of 
the neonate per unit weight is considerably 
less than that of the adult, whereas Smith 
(1959) considers vital capacity per unit sur- 


Ferris et al, 1952 

Lyons et al, I960 



Fig 4. Development of vital capacity (a) Males (h) Females 
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face area to be small, but per unit weight to 
be roughly equivalent to the adult’s Nelson 
(1960) also suggests that the vital and total 
lung capacities of the infant are low because 
the chest is too flimsy to provide the me- 
chanical leverage needed for full inspiration 

As can be seen in Fig 4 the curves of 
increase m vital capacity are similar to the 
"general” growth curve and show a progres- 
sive sex difference The apparent variations 
from study to study in absolute values are 
not statistically significant, but they probably 
stem from differences m methodologies and 
subject size When surface area is taken into 
account, vital capacity changes little between 
10 and 18 years in girls yet increases grad- 
ually in boys (Moore, 1951, Shock, 1942) 
The fact that the increment in boys during 
adolescence is greater than would be pre- 
dicted from total body size has been inter- 
preted to mean that lung growth m this 
period is proportionately greater m males 
than females (Morse, Schultz, and Cassels, 
1952, Tanner, 1962) 

Evaluation of the functional residual ca- 
pacity of the neonate has been of paiticular 
concern This volume must be sufficient to 
prevent collapse of the lungs Otherwise 
almost as much force would be required for 
each inspiration as for the first breath Fur- 
ther, this air acts as a buffer during inspira- 
tion so that gas tensions m the alveoli are 
kept relatively stable All investigators agree 
(see reviews m James and Adamsons, 1964, 
and Nelson, 1966) that the functional resid- 
ual capacity characteristic of the neonate at 
the end of the first week is established dm mg 
the first few minutes of breathing The abso- 
lute values vary widely, but they too are small 
relative to the adult’s when referred to either 
weight or surface area Nor does calculation 
of the functional residual capacity, vital ca- 
pacity, or total lung volume m terms of both 
body size and basal metabolic rate improve 
the picture (Cook, Cherry, O’Brien, Karlberg, 
and Smith, 1955) 

According to Avery (1965), the functional 
residual capacity constitutes about the same 
proportion of the total lung capacity m infant 
and adult However, Nelson (1966) con- 
cludes that this ratio is high in the newborn 
and does not decline to adult levels until the 
differentiation of new alveoli ceases and the 
rib cage is completely ossified. He attributes 


the higher ratio to a smaller retractive force 
of the lung consequent upon a smallei num- 
ber of alveoli and a lower total alveolar sur- 
face tension In support of this hypothesis he 
cites evidence for a decrease m functional 
residual capacity per unit body weight during 
early infancy Over a wider age range (4 to 
18 years), however, the association with 
weight is positive lather than negative (De- 
Muth, Howatt, and Hill, 1965) 

Neonatal tidal volume is only slightly lower 
than the adult’s on the basis of weight, but 
it is especially low when referred to surface 
area (Nelson, 1966, Smith, 1959) The ratio 
of tidal volume to functional residual capacity 
is identical in infant and adult, indicating 
that the alveolar gas tensions of the infant 
remain as stable from inspiration to inspira- 
tion If this were not so, the protection 
against atelectasis offered by the functional 
residual capacity would be impaired 

About one-third to one-half of the small 
tidal volume of the neonate is distributed in 
the dead space (see reviews m Avery, 1964, 
1965, and Nelson, 1966) A figure of 30% 
is aveiage for adults, so infants with a com- 
parable value are not wasting any larger frac- 
tion of their total ventilatory volume The 
distribution of air among the alveoli is also 
equally good m neonate, child, and adult 
(Strang and McGrath, 1962, Orzalesi, Hart, 
and Cook, 1965) However, the amount of 
air required to ventilate the alveoli is dictated 
by metabolic demand and is proportional to 
surface area Therefore the infant must over- 
ventilate m relation to his body weight, and 
the ratio of alveolar ventilation to dead space 
is veiy high The latter ratio, together with 
the product of pulmonary compliance and re- 
sistance (see immediately below), are the pn- 
mary determinants of respiratory rate Singly 
and m combination these factors require a 
progressive increase m lespiratory fiequency 
as body size decreases 

Compliance, a measure of the distensibihty 
of the lungs and thorax, is defined as the 
change m lung volume per unit change m 
pressuie applied to the airways Despite the 
many problems surrounding the determination 
and interpretation of lung compliance m in- 
fants (Avery, 1964, Polgar, 1967), the aver- 
age values arrived at by many different in- 
vestigators (see summaues m Nelson, 1966, 
and Polgar, 1967) are remarkably similar At 
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delivery lung compliance is comparatively 
pool It improves lapidly between 3 and 8 
hours later, probably because most of the 
fluid has been removed from the lungs Rel- 
ative to body weight, tidal volume, or func- 
tional residual capacity, lung compliance at 
tidal volumes is equivalent to adult latios 
Across a wider lange of lung volumes the 
neonate is not in as good a position Howevei, 
comphance increases with age The source of 
the apparent limitation in the young may not 
be a lesser elasticity of the lung but rather 
an artifact of having a lung with a largei 
amount of functional tissue pei unit of poten- 
tial air space 

In contrast to the lung, the thorax of the 
newborn is extremely compliant and becomes 
less so with age The balance between the 
elastic recoil of the lung, which tends to pro- 
duce collapse, and that of the chest, which 
makes for expansion, governs the resting 
volume at the end of expiration Within the 
lung, as we have seen, collapse is counter- 
acted by surfactant Although the net balance 
of factois apparently leaves the lungs at the 
end of expiration rather near to the collapse 
volume, the normal full-term infant shows no 
real functional handicap Howevei, this set 
of conditions is one moie reason that the pre- 
mature infant, whose status is more marginal 
m all phases of respiratory function, is pai- 
ticularly susceptible to respnatory distress 
After the giowth of the thorax begins to 
outpace that of the lung, the balance of dis- 
tending and compressing forces swings m the 
opposite direction, and the negative intra- 
pleural piessure characteristic of the adult 
thorax at rest develops 

As would be anticipated from the anatomic 
data cited eaiher, the absolute resistance of 
the airways to ail flow is high m the newborn 
(Nelson, 1966, Polgar, 1967) Relative to 
the adult a much larger propoition of the re- 
sistance is attributable to lung tissue and a 
lesser pioportion to the nasal passages (Polgar, 
1967) When resistance is calculated m terms 
of the average air flow through the airways 
(ventilation per minute) or per unit of lung 
tissue, however, the infant is found not to be 
at a disadvantage Indeed, as pulmonary re- 
sistance declines with the loss of fluid from 
the lungs, the infant comes to be m a more 
favoiable position with respect to resistive 
forces 


The volume of air brought into the lung m 
a given interval of time is the product of the 
tidal volume times the respiratory rate When 
inspiration begins, gas m the dead space is 
drawn back into the alveoli fiist, and the fresh 
air from the atmosphere follows Thus the 
alveolar ventilation per umt time is the tidal 
volume minus the volume m the dead space 
multiplied by respiratory frequency In rapid, 
shallow breathing energy is wasted m fre- 
quent ventilation of the dead space On the 
other hand, the energy cost of a large incre- 
ment in tidal volume is high because of the 
effort required to stretch the lungs Some m- 
ciease in both the depth and rate of respira- 
tion is the most efficient way for the adult to 
cope with an mcreased demand for gas ex- 
change If an impediment to air flow or some 
other pathological condition reduces tidal 
volume or alveolar ventilation, then breathing 
must be moie frequent For this reason les- 
pnatory rate, a seemingly gross measuie, has 
diagnostic utility 

Although even the newborn infant can in- 
crease his tidal volume, the structural and 
'mechanical characteristics of his respnatory 
apparatus make rapid, shallow respiration 
more economical m terms of energy cost 
(Polgar, 1967) The individual factors limit- 
ing the depth of lespiration m the young have 
been mentioned at vanous points in the pre- 
ceding discussion In brief, these aie weak 
inspiratory muscles, lack of firm ribs posi- 
tioned at a descending angle, large size of 
the organs in the thorax and abdomen rela- 
tive to the space to accommodate them, 
rathei stiff lungs, and considerable absolute 
resistance to air flow Yet the demand foi gas 
exchange m the young is high per unit of 
lung tissue, air-tissue interface, or body size 
To compensate for the low tidal volume m 
the face of this need, respiration must be 
moie rapid Because the infant also typically 
meets any increased need foi gas exchange 
or reduction m alveolar ventilation by lais- 
mg his respnatory rate, this measuie is use- 
ful not only clinically but also for the psycho- 
physiological studies, 

Unfortunately, acquiring accuiate records 
of lespuatoiy rate, especially m young infants, 
is not easy Rates counted by observers are 
likely to be low because respiratory move- 
ments aie not always detectable, or cannot 
be distinguished from other movements and 
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because the observer tires or is disti acted 
The tiaditional pneumogiaph, a flexible, ac- 
cordianlike rubbei tube, also may fail to de- 
tect shallow breaths On the othei hand, the 
weight or tactual stimulation of this 01 other 
equipment may alter the rate 01 pattern of les- 
piration In any event, erratic breathing such 
as occurs with sighing, crying, 01 aperiodic 
breathing (see review m Smith, 1959), foi 
whatever cause, intei feres with both obser- 
vational and instrumental recording and ne- 
cessitates making repeated counts over a 
stated interval 

With mci easing age, respiration becomes 
deepei, gas exchange moie efficient (see be- 
low), and the oxygen requirement pei unit 
size decreases (see Metabolism), so lespi- 
ratory rate declines Illustiative data are pre- 
sented m Table 8 Those of Dietel (lepio- 
duced in Peiper, 1963, p 311) were secured 
by counting the moist spots on a sheet of 
cellulose loosely suspended in front of the 
infant’s nose while he slept aftei feeding 
Eichom’s (1951) subjects weie also tested 
after feeding Records weie made not onlv 
duung sleep but also during repetitive visual 


and auditoiy stimulation and while the in- 
fant was awake but unstimulated Rates dur- 
ing eithei visual or auditoiy stimulation (not 
shown) were intermediate between the sleep- 
ing and unstimulated waking rates An in- 
fant’s rubbei pneumogiaph was fastened 
aiound the subject’s abdomen, and the move- 
ments weie recorded on a photopolygiaph 
Iliff and Lee (1952) made counts fiom vi- 
sual observations of at least 30 seconds In- 
fants were asleep and older childien rested 
quietly in a basal metabolism chambei As de- 
scribed eailier (see Heart Rate), the infants 
had been fed, but the oldei childien were 
fasting The data of Shock and Soley (1939) 
aie also fiom a longitudinal study Respira- 
tory rates weie counted fiom the spirogiams 
taken during thiee deteimmations of basal 
metabolism on each of two successive days 
Two one-minute counts weie made foi each 
gas-sampling peuod 

Although lates obtained by different m- 
vestigatois on oldei childien agree quite well, 
the vanation among and within studies of 
infants is even gieatei than is reflected m 
Table 8 Demmg and Hannei (1936) studied 


Table 8, Age Trends in Respiratory Rate 


Study Dietel, 1954 Iliff and Lee, Shock and Soley, Eichorn, 1951 

1952 1939 

Condition Asleep Asleep Basal Basal Awake Asleep 


Day 

Mean Range 

Years 

M 

F 

M 

F 

1 

46 

28-78 

05 

31 

30 



2 

46 

32-72 

15 

26 

27 



3 

44 

32-68 

25 



25 

25 

4 

42 

28-66 

35 



24 

24 

5 

40 

28-64 

45 



23 

22 

6 

39 

26-62 

55 



22 

21 

7 

38 

26-62 

65 



21 

21 




75 



20 

20 




85 



20 

20 




95 



19 

19 




10 5 



19 

19 




115 



19 

19 




12 0 








12 5 



19 

19 




13 5 



19 

18 




140 








14 5 








155 








16 0 








16.5 








17.5 








18-27 








27-43 






M F Days Mean Range Mean Range 


6-10 

77 

54-108 

53 

27-69 

11-20 

75 

33-114 

51 

27-84 

21-30 

68 

57-102 

53 

27-84 

31-60 

64 

45-90 

43 

21-81 

61-90 

59 

42-81 

39 

30-66 


16 3 16 1 


17,0 15 6 


156 15 2 


140 14 7 
13 7 14.4 
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18 infants foi the first 11 days of life, using 
half-minute counts obtained in a plethysmo- 
graph Mean resting rates ranged from 40 to 
57 and showed no trend dunng this penod 
With more carefully controlled conditions and 
an impioved plethysmograph, Cross (1949) 
found an aveiage rate of 28 6 (lange = 14-51) 
m 36 infants aged a few houis to 13 days 
In another study the mean rate declined fiom 
about 53 in the first hour after birth to 43- 
44 by 12 hours and lemained at that level 
durmg the rest of the first day (Malan, 1966) 
Rates weie counted by obseivation when the 
babies were neither ciying nor eating Like 
heait rate, respnatoiy rate m most of the 2- 
to 5-day-old infants studied by Lip ton, Stem- 
schneider, and Richmond (1960) was lowei 
(M = 54 7) when they weie swaddled than 
when free (M = 566) Then measuiements 
weie made with a nasal theimistor 
All m all, the guess may be hazaided that 
the respnatoiy rate dunng the fiist week 
taken with a reasonably sensitive mstiument 
under an age-appropriate appioximation of 
“basal” conditions is somewhere around 50/ 
minute and declines to a thud oi less of that 
figuie by the end of adolescence 

After air has leached the alveoli, oxygen 
must diffuse through the alveolai wall, the 
interstitial space, the capillary lining, and the 
red cell membrane and combine with hemo- 
globin for tiansport to the cells Carbon di- 
oxide, which is more readily diffusible, takes 
an inverse course, except that it exists m the 
blood m several combined foims instead of 
attaching to hemoglobin According to Nelson 
(1966), the ability of the newborn infant to 
transfer gases is less than that of the adult 
because “both the effective pulmonary capil- 
lary blood volume and membrane diffusing 
capacity are relatively low” The former de- 
ficiency arises because, although the distribu- 
tion of air among alveoli is even, not all 
alveoli are equally well perfused with capil- 
lary blood (Ledbetter, Homma, and Farhi, 
1967) As new generations of alveoli are 
formed and then walls become thinner, mem- 
brane diffusing capacity mci eases (Nelson, 
1966), Between 4 and 18 years the pattern 
of increase m diffusing capacity is very like 
that in lung volume, height, weight, and sur- 
face aiea (DeMuth, Howatt, and Hill, 1965) 
Gas exchange becomes more efficient dunng 
adolescence, the percentage of oxygen m ex- 


pired air decreasing and the peicentage of 
carbon dioxide mci easing between 12 and 16 
yeais (Shock and Soley, 1939) Greatei 
changes aie observed m boys, but by 16 
neither sex has achieved the levels chaiacter- 
lstic of 20-year-olds 

Until fanly recently the fetus was generally 
believed to exist m a state of lelative oxygen 
depnvation, hypercapnia (excess caibon di- 
oxide m the blood), and acidosis These in- 
ferences were drawn pnmanly fiom measure- 
ments made at delivery on blood fiom the 
umbilical coid or the aiteries of the infant 
The fact that the blood of many infants who 
are vigoious at buth has a low oxygen satura- 
tion and fairly high caibon dioxide tension 
and low pH (these two measures aie paitic- 
ulaily exaggerated m depiessed neonates) 
suggests that this condition is not of long 
duration (James and Buinard, 1961) Now 
that fetal capillaiy blood (Saling, 1964) and 
the oxygen tension of fetal tissue (Caldeyro- 
Barcia et al , 1966) have been sampled dui- 
mg laboi, it is known that the hypeicapma 
and acidosis and to a consideiable extent the 
hypoxemia (low oxygenation of blood) arise 
dunng labor and deliveiy and do not ac- 
curately repiesent conditions tn utero (see 
reviews m James and Adamsons, 1964, Rom- 
ney, 1966, Stahlman, 1966, and Towell, 
1966) Continuous gas-sampling from fetal 
animals (Adamsons, James, Towell, and Lu- 
cey, 1965, Meschia, Cottei, Breathnach, and 
Barron, 1965, Misrahy, Beran, Spradley, and 
Gaiwood, 1960) and observations on a few 
human fetuses during intrauterine exchange 
tiansfusion (Freda and Adamsons, 1964, 
James and Adamsons, 1964) also show that 
the normal fetus has well oxygenated tissues 
and is neithei hypeicapmc noi aadotic 

Othei data from which fetal oxygen depri- 
vation had been deduced have not been re- 
futed but rather remterpieted m the light of 
new information and consideration of addi- 
tional factors It is true, for example, that 
the maternal blood exposed to the chonomc 
villi has a lower oxygen tension than the alve- 
olar air with which the blood m adult pulmo- 
nary capillanes equilibrates (Romney, 1966, 
Sjostedt, Rooth, and Caligia, 1960), that the 
placenta itself consumes oxygen (Campbell, 
Dawes, Fishman, Hyman, and James, 1966, 
Tremblay, Sybulski, and Maughan, 1965), 
and that oxygen diffuses thiough the placenta 
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more slowly than through the adult alveolar 
membranes (Eastman and Heilman, 1961) 
Relative to fetal metabolic needs, howevei, 
the placenta performs about as well as the 
adult lung m most aspects of oxygen transfei 
(James and Adamsons, 1964) The rate of 
blood flow lather than diffusion is the limit- 
ing factor m the degree of exchange of sub- 
stances across the placenta Both the fetal 
cardiac output and rate of placental blood 
flow are sufficiently high to offset the low 
oxygen tensions of placental and fetal blood 
(see reviews m Nesbitt, 1966, Romney, 1966, 
Stahlman, 1966, and Towell, 1966) Of 
couise, interference with the placental or fetal 
circulations can reduce the amount of oxygen 
available to the fetal tissues 

Certain pecularities of fetal blood (see 
Erythrocytes), have long been recognized as 
a protection against oxygen lack For several 
reasons the oxygen-carrying capacity of fetal 
blood is higher than that of adult blood 
When enclosed m eiythrocytes and m the 
blood stream, fetal hemogloblm has a gi eater 
affinity for oxygen at a given oxygen tension, 
although when separated from the led cells 
it does not (Allen, Wyman, and Smith, 1953, 
Nechtman and Huisman, 1964) Whatever 
the environmental source of the difference 
may be, the net lesult is that fetal blood takes 
up oxygen at tensions at which the maternal 
blood m the placenta releases it The uptake 
at the placenta is further enhanced by simul- 
taneous release of carbon dioxide (Bohi 
effect) At the oxygen tensions of fetal tissues 
and with the acidity there, however, the fetal 
oxyhemoglobin curve is such that an inverse 
and equally advantageous phenomenon is ob- 
served — oxygen is released more readily These 
characteristics of the fetal oxygen dissocia- 
tion curve, first demonstrated in vitro (in a 
test tube), have now been shown to hold m 
vivo acioss its entire range (Oh, Arcilla, and 
Lind, 1965) The reader will also recall that 
as gestation pioceeds the number of erythro- 
cytes and their hemoglobin concentration in- 
creases, becoming as high as or highei than 
m the adult 

Within minutes after the establishment of 
respiration a marked rise m arterial oxygen 
tension and drop m carbon dioxide tension 
occurs, and the alveolar oxygen tension and 
alveolar-arterial difference m carbon dioxide 
tension aie like those of the adult (Nelson, 


1966) However, the arterial oxygen tension 
(and hence the alveolai -arterial difference) 
does not reach adult levels for several days, 
even m normal full-term infants (Thibeault, 
Clutano, and Auld, 1966) Alveolar and ai- 
terial carbon dioxide tensions — the latter is 
considered to be the most reliable index of 
the adequacy of alveolar ventilation (Avery, 
1964) — are somewhat low for several weeks 
(Stahlman, 1961) or months (Nelson, 1966) 
Although the acidosis present at delivery in- 
creases briefly, the acid-base balance is close 
to normal within 2 or 3 houis and like that 
of the mother near term by 1 or 3 days (Assah 
and Morns, 1964, James and Burnard, 1961, 
Weisbrot, James, Pnnce, Holaday, and Apgar, 
1958) The lattei state is one of compensated 
alkalosis, that is, the pH of the blood is noimal, 
but the caibon dioxide tension is below 40 

The delay in achieving normal adult ox- 
ygen and carbon dioxide tensions is usually 
attributed to the continuation of shunting, 
which permits some blood to bypass the lungs, 
but impeifect adjustment between alveolar 
ventilation and perfusion of the pulmonary 
capillaries with blood probably is also a factor 
(Ledbetter, Homma, and Faihi, 1967), Prob- 
ably the temporary rise m acidosis is a joint 
result of the loss of the placenta as a route 
for exacting hydrogen ions and the inability 
of the kidneys to handle the increased load 
(Assail and Morris, 1964) Respiratory ad- 
justment to acidosis, that is, the exhalation 
of carbon dioxide, is rapid, but the metabolic 
response via the kidney is slower A low 
plasma bicaibonate level is the primary char- 
acteristic of the compensated alkalosis that 
follows, and this, too, reflects the function of 
renal (kidney) and other ion transport mech- 
anisms Perhaps the rather slow-acting central 
chemoreceptors are as sensitive m the neonate 
as adult, but their homeostatic “set-pomt” for 
carbon dioxide is lowei, like that of the preg- 
nant female, because of depletion of the bi- 
carbonate buffer system (Nelson, 1966) If the 
control mechanism were “set” differently, the 
ventilatory stimulus for exhalation of carbon 
dioxide would continue until the kidney and 
other ion transport mechanisms were able to 
conserve bicaibonate 

Because the blood loses its qualitative and 
quantitive fetal characteristics somewhat grad- 
ually, neonatal blood also has a higher oxygen 
satuiation at a given tension than does adult 
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blood On the other hand, this aid to the 
oxygenation of tissues may m part be counter- 
acted by the retention of another peculiarity 
of fetal blood — a low level of carbonic anhy- 
drase (Smith, 1959) This enzyme catalyzes 
the conversion of carbonic acid to carbon di- 
oxide and water, facilitating the transfer of 
carbon dioxide from tissue to blood and blood 
to lungs, and, indirectly the uptake of oxygen 
However, the significance of the deficiency 
really is not known Males have been le- 
ported to show a laiger increase than females 
during adolescence m the blood levels of car- 
bonic anhydrase (Lawrence, 1947) There is 
a nse m the alveolar and arterial carbon di- 
oxide tensions of boys during adolescence 
(Shock, 1941), and the sex diffeience is main- 
tained m adulthood (Shock and Hastings, 
1935) 

Sufficient cooperation and motivation can 
be secured from children beyond the pie- 
school age to make timed and other special 
tests of pulmonary function A numbei of m- 
vestigatois have tested maximal breathing 
capacity, the volume breathed during 15 sec- 
onds when the subject respires as deeply and 
rapidly as possible (Cassels and Morse, 1962, 
Ferris, Whittenberger, and Gallagher, 1952, 
Ferns and Smith, 1953, Kennedy, Thuisby- 
Pelham, and Oldham, 1957, Moore, 1951), 
and flow lates, the rate of air flow adjusted 
to a standard respiratory rate (Chiang and 
Han, 1965, DeMuth, Howatt, and Hill, 1965, 
Heaf and Gillam, 1962, Kennedy et al , 1957, 
Lyons, Tanner, and Picco, 1960, Murray and 
Cook, 1963, Nairn, Bennet, Andrew, and 
MacArthur, 1961, Strang, 1959) In general 
it can be said that these measures follow the 
same developmental pattern as vital capacity, 
increasing steadily with age and size until 
puberty Then a steepei increment occurs, 
particularly m boys, for whom the increases 
are greater than would be piedicted from 
physical growth alone Factor analyses by 
vanmax rotation yield an axis that involves 
vital capacity, functional lesidual capacity, 
diffusing capacity, thoiacic cage size, and to 
some degree peak expiratory flow rate (De- 
Muth et al , 1965) A second axis is highlv 
related to various measures of flow rate 
Age trends after adjustment for size have 
been examined only for maximum breathing 
capacity Allowing for surface area, there is 
still an increase from 10 to 20 yeais m both 


sexes Many sex differences observed when 
measures aie related to body size disappear 
when vital capacity is used as the leferent 
(DeMuth, 1965) Longitudinal studies show 
the relative standing of individuals on various 
lung volumes and othei measures to be con- 
sistent across time (DeMuth et al, 1965) 

Neither timed vital capacity noi the flow 
rate at the point at which half the vital capac- 
ity has been expired follow the general growth 
pattern The trend for the latter measure is 
like that for airway conductance, the recip- 
rocal of airway resistance (DeMuth et al , 
1965) In conti ast to then performance on all 
other tests, children aged 6 to 14 deliver a 
higher proportion of their vital capacity in 1 
second (timed vital capacity) than do adults 
(Lyons et al , 1960) 

METABOLISM 

In its most general sense metabolism (de- 
lived fiom a Greek word meaning alter, 
change, oi turn about) encompasses all the 
physical and chemical processes by which 
food is converted into eneigy, new tissue, and 
wastes Thus construed the term includes 
respiration, digestion, absorption, catabolism 
(the bieakdown of ingested or stored sub- 
stances into simpler compounds), anabolism 
(synthesis of more complex compounds fiom 
simpler ones), energy transformations, se- 
cretion, and excietion Usually, however, me- 
tabolism is defined more specifically as the 
chemical transformations occurring between 
absorption (the uptake of nutnents from the 
digestive tract into the blood) and elimina- 
tion External respiration, digestion, and elim- 
ination involve physical as well as chemical 
action 

Metabolic reactions have two aspects that 
may be, and typically aie, studied separately 
Biochemists analyze die senes of changes 
which newly absoibed or stored nutrients 
undergo as they are completely catabohzed 
to wastes (largely carbon dioxide and water) 
or through which by-products of catabolism 
are lecombmed foi storage or the repair or 
creation of cells (anabolism) Individually 
these intricate sequences are referred to as fat 
metabolism, protein metabolism, and carbo- 
hydrate metabolism Collectively they are 
known as intermediary metabolism As noted 
earlier, internal respiration is involved, for 
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all but a few limited metabolic reactions re- 
quire the presence of oxygen at some point 
and carbon dioxide is one of the end-products 
of most The major "wastes” of intermediary 
metabolism are important factors m the reg- 
ulation of fluid and acid-base balances, res- 
spiration, and the maintenance of body tem- 
perature However, developmental variations 
m metabolism are of a quantitative rather 
than a qualitative nature, hence there is no 
need to consider intermediary metabolism any 
further here 

Energy transformations, the other aspect of 
metabolism, are the source of power for all 
physiological processes The form m which 
energy is expended m a particular process 
may be chemical, electrical, thermal, or me- 
chanical, but it is originally derived from the 
chemical energy liberated when food is ox- 
idized At each step in the breakdown of food 
a small amount of chemical energy is re- 
leased Some of this energy is used imme- 
diately to fuel ongoing bodily functions Any 
excess is dissipated as heat or stored m the 
fats, proteins, and carbohydrates or special 
energy-rich phosphate compounds synthe- 
sized by the body If the intake of food is 
insufficient to supply the energy needed to 
perform work and maintain body temperature, 
stored energy is used 

Because energy can be neither created nor 
destroyed, only transformed, the energy re- 
leased from ingested food = work energy + 
heat energy ± stored chemical energy (en- 
ergy balance equation) In principle, the 
metabolic rate (amount of energy transformed 
per unit time) can be determined by measur- 
ing the terms on either side of this equation, 
but m practice problems arise The heat pro- 
duced when a given weight of a particular food 
is completely oxidized outside the body is cal- 
culated from the increase m temperature of 
a known volume of water caused by burning 
the sample m a metal chamber (bomb cal- 
orimeter) filled with oxygen and immersed 
in the water Although fats and carbohydrates 
yield as much energy when catabolized as 
they do in the calorimeter, proteins are in- 
completely oxidized m the body and do not 
Further, determining the quantities and qual- 
ities of food eaten is a time-consuming pro- 
cess for both subject and experimenter 

Among the variables that affect energy 
output and its distribution as work, heat, or 


chemical stores are size, age, sex, environ- 
mental and body temperatures, activity, se- 
cretion of thyroid hormone and epinephrine, 
and emotional stress (via muscular tension 
and increased production of epinephrine) To 
simplify the calculations of metabolic rate, 
energy production is measured under circum- 
stances designed to eliminate some sources 
of variation The subject should be reclining, 
physically and mentally relaxed, m the post- 
absorptive or fasting state (1 e , 12 to 14 hours 
after eating) in an environment of known 
and constant temperature following 30 to 60 
minutes of honzontal rest These so-called 
basal conditions, already mentioned m the 
sections on heart rate and blood pressure 
were originally defined for determining met- 
abolic rate because it is so easily altered 
Values obtained m this situation are not as 
low as they are during sleep, when, m addi- 
tion to being m the postabsorptive state, the 
subject is more relaxed 

Under fasting conditions energy storage, 
which is difficult to assess, is eliminated or 
negative All energy used for work is even- 
tually converted to heat, thus with the storage 
component removed, all of the energy out- 
put of the body appears as heat This heat 
production may be measured directly m a 
large calorimeter or indirectly by measuring 
oxygen consumption or the end products of 
metabolism (carbon dioxide, water, and pro- 
tein residues such as urea) 

Either direct calorimetry or measuring the 
end products of metabolism is tedious and re- 
quires equipment usually available only m 
specialized laboratones By contrast, oxygen 
consumption can be determined fairly easily 
Under basal conditions oxygen consumption 
is set by immediate need, for no oxygen debt 
is being repaid or incurred, and oxygen is 
never stored Therefore the oxygen used m a 
given period of time directly reflects the 
amount of energy released 

Techniques foi measuring oxygen con- 
sumption fall into two classes — open-circuit 
methods and closed-circuit or spirometric 
methods* In the former the subject breathes 
atmosphenc air through one tube and exhales 
into another from which the expired air is 
collected for analysis of its composition The 
spirometer has already been described (see 
Respiration) Adaptations, similar to those for 
studying lung volumes, are necessary for m- 
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fants These include low dead-space masks 
(Pribylova and Znamenacek, 1966), hoods 
(Kailberg, 1952, Mestyan, Jaiai, Bata, and 
Fekete, 1964, Oliver and Karlberg, 1963), 
and small chambeis (Adamsons, Gandy, and 
James, 1965, Hill and Rahimtulla, 1965, Levi- 
son and Swyer, 1964, Stern, Lees, and Leduc, 
1965) much like a total body plethysmograph 
(see Respiration) 

Basal metabolic rates obtained m these 
ways may be expressed simply as oxygen con- 
sumption per unit time Moie fiequently 
oxygen consumption is converted to an es- 
timate of heat production by multiplying by 
a constant repiesentmg the calonc value of 
oxygen for an oidinary mixed diet For veiy 
young infants the current tiend is not to 
convert to Calones (see Table 9) because 
the assumptions made m doing so may not be 
fulfilled (James and Adamsons, 1964) 

Despite a rather voluminous liteiature ex- 
tending over more than a centuiy (see le views 
m Benedict and Talbot, 1921, Karlbeig, 1952, 
Sargent, 1961, Shock, 1966, Tanner, 1962), 
considerable disagreement still exists on ap- 
piopnate standards for basal metabolic rate, 
especially for infants and young childien 


The controversy centeis around referents, 
that is, whethei values should be expressed 
m terms of surface area, weight, or height, 
muscle mass, etc , and whether age standaids 
should also be used Even when expressed in 
the same terms, however, the aveiages ob- 
tained by different mvestigatois for a given 
age oi size often vaiy more than those for 
adjacent age or size groups within a single 
study The variations anse primarily from 
sample differences m body size and adequacy 
of nutrition and fiom methodological diffei- 
ences, not only m instrument but m many 
other variables such as time of day, numbei 
and length of tests, time since eating, prelim- 
inary rest and adaptation penods, and whether 
average values or lowest values weie leported 
Absolute differences notwithstanding, the 
trends observed m different studies are con- 
sistent m their major characteristics (see 
Table 9 and Fig 5) On the basis of weight 
or surface area, basal metabolic rate begins 
to increase very soon after birth, reaches a 
peak sometime m the fiist year, and remains 
at this level until the second oi thud year 
when a decline begins which continues over 
the lest of the life span 


Table 9 Energy Metabolism in the Perinatal Period 



Pribylova and 
Znamenacek, 1966 

Oj Consumption (in 
ml /kg /min. ) at 
Environmental 
Temperatures of 

Age 

Bruck, 1961 

Heat Production 
(m kcal/kg./hr ) 
at Ambient 
Temperatures of 

33°C 

23°C 

32-34 °C 28° C 23°C 

5 mins 

3 79 

510 

0-6 hrs 

1 43 1 96 2.98 

15 

4 58 

6 88 

2-3 days 

1 58 2 92 3 57 

30 

4 54 

7.24 

4-6 days 

1.58 3 74 — 

45 

4.92 

6.71 

7-9 days 

1 53 3 62 4.12 

1 hr. 

5.10 

6 42 



2 

4 94 

6.14 



3 

4.71 

6 64 




Hill and Rahimtulla, 


Levison and Swyer, 


1965, 0 2 Consumption 

1964, 0 2 Consumption 

Age 


(ml /kg /mm ) 

Age 

( ml /kg./min ) 

0-6 hrs 


4.76 

0-12 hrs 

53 

18-30 hrs 


6.59 

2-3 days 

5.3 

2-4 days 


6.70 

4-5 

55 

6-10 days 


7.02 

6-8 

5.7 




9-14 

58 
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In the latest edition of Smith's Physiology 
of the Newborn Infant (1959) the averages 
reported by Benedict and Talbot m their clas- 
sic monograph on the metabolism of the new- 
born infant (1915) are cited as similar to 
those obtained by subsequent investigatois 
Compaied to the adult figure of 1 00 Cal /kg / 
hr , the heat production of the full-teim new- 
born was found to be high, 1 75 Cal /kg /hi 
(Benedict and Talbot, 1915) to 2 00 (Marsh 
and Muilm, 1925), or an oxygen consumption 
of 6 2 ml /kg /mm (Cross, Tizard and Try- 
thall, 1957) to 6 6 (Benedict and Talbot, 
1915) When referred to surface area it was 
lower — 29 16 Cal /sq m /hr for the newborn 
and 35-50 foi the adult (Marsh and Murlm, 
1925) — as would be expected from the adult- 
inf ant contrast m amount of surface aiea pez 
unit weight (see p 28) 

By an interesting comcidence, the most le- 
cent leference m Smith's (1959) leview, a 
1958 paper by Cross, Tizard, and Tiythall, 
precipitated a senes of studies which led to a 
revision of these estimates of neonatal met- 
abolic rate and to a better undei standing of 
the conti ol of heat pioduction and other as- 
pects tempera tuie regulation (see Body Tem- 
perature) They leported that the oxygen con- 
sumption of newborns decreased when 
breathing an air mixture so mildly hypoxic 
as to have no effect on adult man or animals 
Research with animals was first undertaken 
m an attempt to understand this unusual re- 
sult (see reviews m Adamsons, 1966, and 
Oliver, 1965) A similar response was ob- 
served m newborn animals only m a cool 
environment Later this finding was con- 
firmed for the human infant (Oliver and 
Karlberg, 1963) After further exploiation it 
was concluded that the neutral theimal en- 
vironment (environment m which the basal 
metabolic rate is minimal) for the newborn 
of homeothermic (waim-blooded) species is 
warmer than foi the adult and declines fairly 
rapidly with age (see review in Mount, 
1966) First Bruck (1961) and then others 
(Adamsons et al , 1965, Hill and Rahimtulla, 
1965, Oliver and Karlberg, 1963) demon- 
strated a comparable phenomenon m man 
Except for Day's (1943) work with pre- 
matuie infants, the influence of thermal vari- 
ables had previously been overlooked 
As can be seen in Table 9, these recent 


studies place the minimal metabolic late at 
bnth at about 4 6 to 4 8 ml oxygen/kg /hi , 
a value that is only about 33% lather than 
200% greater than that of the adult Also of 
interest is the fact that this level is m the 
range of the 4-5 ml /kg /hi estimated for the 
fetus late m gestation (see reviews m Adam- 
sons, 1966, Nesbitt, 1966, Romney, 1966) 
Like their predecessors, most contemporary 
investigatois find not only an increase m late 
during the first day but also fuither increments 
m the next few days or weeks, although the 
timing and extent of the gams are not the 
same from study to study 

Both m terms of then nature and the ways 
m which they aie presented, the most defin- 
itive data on metabolic i ate dunng infancy and 
early childhood aie those from the longi- 
tudinal studies at the Child Reseaich Council 
m Denver, Colorado (Lee and Iliff, 1956, 
Lewis, Duval, and Iliff, 1943) The popula- 
tion studied is the same as that from which 
the EKG, heart rate, and respiratory rate 
data summanzed m previous sections were 
secured One virtue of these data can be seen 
m Fig 5 — the ovei lapping of basal with 
sleeping, postprandial measuies Except for 
Karlberg (1952), who examined young in- 
fants 4 to 6 hours after a meal and older ones 
after 12 to 14 hours, most investigators have 
accepted the conclusion of Benedict and Tal- 
bot (1921) that restlessness accompanying 
hunger causes a greater increase m metab- 
olism than does digestion and have not at- 
tempted to approximate basal conditions with 
children Lee and Iliff piovide systematic data 
on this point In the age range at which both 
types of deteimmations were made — 21 to 36 
months — values obtained while the child was 
awake and fasting were 3 to 9% higher than 
m the sleeping, postpiandial state Furthei, 
measures taken on infants m the latter state 
were reliable and lepioducible Their vari- 
ability compared favoiably with that foi basal 
determinations m older childien and did not 
differ for tests made between J4 and 3 J4 
hours after feeding 

Another strong point of the papers of Iliff 
and hei associates is that lesults are refened 
to several diffeient standards, permitting com- 
parisons among leferents within each study 
as well as with trends and absolute values 
from other laboratories Only central line 
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MALES FEMALES 



Fig 5 Age trends in energy metabolism (cal /sqm /hr) (a) Males (b) Females 


values plotted from the means foi Calories 
per unit suiface area for age are incorporated 
m Fig 5 However, the tables and graphs of 
Lee and Iliff (1956) show that on the basis 
of either Cal /sq m /hr or Cal /cm /hr , met- 
abolic rate rises rapidly to 8 months, the sur- 
face aiea values then remaining constant until 
24 months m girls and perhaps as late as 36 
months m boys Calones per unit height con- 
tinue to increase gradually through age 3 
Essentially no change is observed from 1 
through 36 months m Cal /kg /hr Discussion 
of hypotheses about the factors responsible 
for these patterns and the increment im- 
mediately after birth will be postponed until 
adolescent changes have been described 
The primary questions foi the adolescent 
period are whether or not there is a reversal 
m the decline m basal metabolic rate that 
begins m early childhood, the issue of “phys- 
iologic instability/ 7 and sex differences De- 
tailed references bearing on the following 
conclusions can be found in Sargent (1961), 
Shock (1966), and Tanner (1962) All pos- 
sible variations m both mean and individual 
curves at puberty have been reported, that 
is, increases, decreases, and no change Of 


course, no change or a slowing m the rate of 
decline is consistent with the notion of a 
“prepubertal reaction” first proposed by Du- 
Bois (1927) Taking the balance among 
studies and putting particulai emphasis on 
those m which basal metabolism could be re- 
lated to mdicators of puberty, such as men- 
arche oi maximum growth m height (Eichom, 
1955, Shock, 1943), there does appear to be 
a prepubertal slowing of the deceleration m 
metabolic rate coincident with the growth 
spurt (see also Sargent, 1961), followed by 
a steeper deciement Despite reports of fluc- 
tuations m individual curves during adoles- 
cence, the only systematic analysis of mtra- 
mdividual variability during this period 
(Eichom and McKee, 1958) offers no support 
for the advent of men eased instability Per- 
haps the fluctuations sometimes observed are 
artifacts resulting from variations m weight, 
which affect either weight or suiface area 
standards, oi from the fact that random er- 
rois are no longer masked by more sizable 
age changes 

When either surface area or height stan- 
dards are used, sex differences exist across 
the entire age span beyond one month accord- 
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mg to the Coloiado data previously cited 
The metabolic rate of boys becomes progres- 
sively higher than that of girls, all studies 
showing marked differences m adolescents 
and adults Sex diffeiences are not observed 
during infancy and early childhood if basal 
metabolic late is computed m terms of Cal- 
ories per unit weight The increase m sex 
differences m basal metabohc rate at adoles- 
cence cannot be explained simply by gross 
size, that is, surface aiea, height, or weight 
Attempts to account for this fact are, as they 
should be, related to the more general ques- 
tion of the basic factors determining basal 
metabohc rate Because muscle has a higher 
metabohc rate than fat, lean body mass 
(which can be estimated m several ways) 
has been pioposed as a better and more 
'physiologic" referent for basal metabohc 
rate than weight, height, or surface area 
Males have a relatively higher proportion of 
their weight m muscle than females, whereas 
the inverse is tiue for fat Although diffei- 
ences m muscle mass do account for part of 
the differences both between the sexes and 
within sex and size groups, they do not seem 
to be the complete explanation (Gam and 
Clark, 1954, Gam, Clark, and Portray, 1953, 
Tanner, 1962) Hormonal factors are another 
obvious possibility, particularly as adoles- 
cence is approached There is some evidence 
that basal metabohc rate is correlated with 
ketosteroid production m boys but not in 
girls (Clark and Gam, 1963) 

Several variables used to estimate lean body 
mass (fat-free body weight, body weight 
minus extracellular fluid, and body weight 
minus both extracellular fluid and fat) as 
well as more widely used standards such as 
surface area and body weight have recently 
been compared as referents for neonatal met- 
abohc rate (Smclaii, Scopes, and Silverman, 
1967) Only weight minus extracellular fluid 
met the mathematical cnteria (Tanner, 1949) 
for a ratio standard Many investigators have 
contrasted the relative merits of height, 
weight, and surface area as standards with 
varying results For example, Lee and Iliff 
(1956) find the largest number of cases with- 
in ±15% of the mean using surface area as the 
referent According to Sargent's (1961) anal- 
yses, however, surface area does not correct 
sufficiently for differences m physical size, 
and weight for height is the best standard 


In an important theoretical paper (Holli- 
day, Potter, Jarrah, and Bearg, 1967) ev- 
idence is marshalled for a somewhat dif- 
ferent basis for the deciease of basal metabohc 
rate with increasing size both across species 
and ontogenetically within species Two fac- 
tois are needed to explain the lower BMR of 
large animals, but foi the most part, only one 
is required for the lower rate m adults In 
both instances it is proposed that a large pro- 
portion of the BMR of an organism derives 
from the metabohc activity of the pumary 
internal oigans — the brain, liver, lungs, heart, 
and kidney This appioach is a valiant on the 
tissue composition school of thought, in that 
organs of high metabolic rate rather than 
types of tissue (muscle, bone, fat) are em- 
phasized 

The decrease m basal heat production per 
unit weight is postulated to stem from the 
relatively slower growth of these organs rel- 
ative to total body weight Put m slightly 
different terms, these vital organs must de- 
velop rapidly during gestation and early in- 
fancy to support life, they constitute a larger 
proportion of body weight at these times With 
increasing age a progiessively larger part of 
growth occurs m other organs and tissues, 
for example, fat and muscle To account for 
species differences a deciease m organ met- 
abohc rate with body size is also assumed 
Within a species, howevei, no deciease dur- 
ing growth m the metabohc activity of the 
vital organs is posited after early infancy 
(say the first half year or so m man). Ev- 
idence for an increase during this period 
comes not only from the nse m total basal 
metabohc rate, but also from studies indicat- 
ing increased activity of the kidney (Holli- 
day et al, 1967) and bram (Kerpel-Froiuus, 
Varga, and Mestyan, 1961) It should be 
noted m passing that a low rate of cerebral 
metabolism has been suggested as one reason 
that the fetus and newborn infant are more 
resistant to anoxia than older persons (Kerpel- 
Fiomus etal , 1961), 

Dawes lists other changes that would 
make for an increase m oxygen consumption 
during early infancy adaptation to an en- 
vironment cooler than the intrauterine one, 
the work required for respiration, increased 
gastrointestinal activity after feeding begins, 
improved muscular tonus, and the increased 
muscular work required to oppose gravity m 
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a gaseous as contrasted to a fluid medium 
Although muscular activity is responsible for 
only a small proportion of the BMR in either 
the basal or postprandial state (Holliday et 
al, 1967), this factor and perhaps others, 
such as hormonal levels, could account for 
the residual vanance That is, these variables 
may be the fine adjustments imposed upon 
the more major one of organ metabolism 
Of course, a persons food intake must in- 
clude enough calories to cover the energy cost 
not only of this basal metabolic rate but also 
of the factors that are eliminated or min- 
imized m the basal state — activity, growth 
(storage), specific dynamic action of food 
(S D A , the energy cost of digestion and as- 
similation), and loss m excieta Like the BMR, 
these variables are influenced by age, size, 
and sex and other individual characteristics 
such as endocrine function The absolute 
number of calones needed daily foi each of 
these categories, particularly activity, increases 
from birth through the cessation of growth, 
then drops After remaining relatively con- 
stant dunng young adulthood, caloric needs 
decline further in middle and old age, 

In computing the allowance foi activity, 
nutritionists take into account the increased 
energy demand that activity makes on vital 
activities, for example, respiration and cir- 
culation, as well as the cost of muscular move- 
ments Even for adults, some allowance must 
be made for growth, because the need for 
repair and leplacement of cells continues The 
composition of the diet affects both S D A 
and the caloric loss m excreta Foi example, 
the S D A of proteins is much higher than 
that of fats and carbohydrates 

None of the specific nutrients (vitamins, 
minerals, protein, etc ) that have been shown 
to be essential m the human diet are age, size, 
or sex specific in a qualitative sense Instead, 
the variations m requnements aie quantitative 
(National Academy of Sciences, 1958) Cer- 
tain deficiencies are moie common m par- 
ticular age or sex gioups eithei because of 
relatively higher requirements oi the nature 
of the typical diet Iron deficiency, piobably 
the most common of nutritional deficiencies, 
is illustrative of both causes Infants, children, 
adolescents, and adolescent and adult females 
have a relatively greater need for non than 
do adult males, Milk, the pnmary constituent 


of the young infant’s diet, is a poor source of 
iron 

BODY TEMPERATURE 

The temperatures of different regions of the 
body and the extent of the range among them 
varies with environmental and physiological 
conditions However, animals that are homeo- 
thermic (“warm-blooded”) must keep their 
core temperature — the temperature of internal 
tissues and the centra] nervous system — with- 
in quite narrow limits if life is to be main- 
tained “Under noimal conditions thermal 
constancy exceeds that of other variables de- 
fining the internal envnonment” (Adamsons, 
1966, p 599) 

Tight controls aie assumed to be necessary 
because the rate of all chemical xeactions, 
especially those catalyzed by enzymes, is 
much influenced by temperature Many vital 
processes are brought about by chemical re- 
actions, but without enzymes most of these 
reactions would take place so slowly that 
they would be completely ineffective For ex- 
ample, almost all the thousands of steps m 
intermediary metabolism are accelerated by 
enzymes The optimal temperature range foi 
the opeiation of enzymes is very small Below 
this range reactions become progressively 
slower, and above it they occur with increas- 
ing rapidity until a point is reached at either 
extreme at which the enzyme m question is 
inactivated Tissues with a high basal met- 
abolic rate, such as the bram, are less tolerant 
of temperature change than are less active 
ones, such as the skin In this connection, the 
convulsions and delirium accompanying high 
fever immediately come to mind 

Body temperature reflects the balance be** 
tween heat production and the heat lost 
through radiation, convection, conduction, 
and evaporation Radiation is the transfer of 
heat m the form of electiomagnetic waves be- 
tween objects that are not m contact Because 
radiation takes place from and to the surface 
of the body, the vanables involved m such 
loss or gam of heat are the effective radiating 
area exposed (which can be alteied by 
changes m position and the amount and type of 
clothing), the average surface tempeiature 
of the body, the mean radiant temperature 
of objects in the environment, and the emis- 
sivities of the skin and object smfaces 
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For convection — the exchange of heat 
through the movement of molecules m a fluid 
or gas — the impoitant factors are the tem- 
peratures of the skm and of the an or fluid, 
the effective convective aiea of the body, and 
an flow Within the body, heat moves from 
the core to the surface by convection through 
the blood stieam and the uppei respiratoiy 
tract In the former case, of couise, blood is 
warmed, and m the latter, air is Compara- 
tively little heat is lost from the surface of the 
body by convection unless air is moving 
However, convection promotes conduction, 
the transfer of heat from an object to those 
it is touching in propoition to the temperatuie 
diffeience between them Again, human be- 
ings usually lose little heat this way, but some 
is conducted thiough the tissues, and some 
is lost m warming ingested fluids and food 
If the body is immeised in water, considei- 
able conductive loss occurs 

Even when an organism is neithei panting 
nor sweating, some heat is constantly lost 
through vaporization of water from the lungs 
and skm The magnitude of the evapoiative 
loss depends upon the rate of alveolar ven- 
tilation, the amount of sweating, skm tem- 
peiature, and the humidity and movement of 
an Water continuously diffuses through the 
skm (insensible peispiration) and is evap- 
orated, removing heat from the body surface 
At high tempeiatures sweating is prominent 
m man and panting m lower animals 

Automatic protection m a cold environment 
is offeied by insulation (fat and han), cir- 
culatory adjustments (cutaneous vasocon- 
striction and shifts in limb blood flow), and 
mci eased heat production Although human 
beings have little han and do not benefit 
much fiom its erection m cold, they can add 
to their insulation with clothing In all homeo- 
therms stability of the coie temperature is 
accomplished at the expense of the periphery 
Constriction of the blood vessels m the skm 
reduces the amount of heat earned to the 
surface As a result, temperatuie at the pe- 
riphery is lowered, the giadient between sui- 
face and environment decreases, and less heat 
is lost Cooling is particularly noticeable m 
the limbs, which account for a laige propor- 
tion of surface area In the adult, for example, 
the hands and feet make up about 15% of 
the total surface area, yet the heat lost from 


them can be reduced by vasoconstnction to 
2% of the total loss 

Below a given temperature (25° C m the 
nude adult male), vasoconstnction is max- 
imal, so cold must be countei acted by increas- 
ing heat production Metabolic rate can be 
raised by shivering oi thiough voluntaiy oi 
semivoluntary movements Shivering is the 
more effective mechanism, because no heat is 
wasted m doing work oi by mci eased exposuie 
of the skm Nonshivenng theimogenesis, 
bi ought about by mci eased secietion of ceitam 
hoimones, is thought not to be an important 
source of heat pioduction m the adult As we 
shall see, pecuhanties of the newborn may 
make this vanable more effective Whatever 
the cause of increased heat pioduction, more 
fuel is lequued If the intake is not increased, 
body stores are used 

When a homeotheim is m a waim environ- 
ment veiy little adjustment can be achieved 
by lowering the metabolic rate, despite the 
common adult leaction “it’s too hot to move 
oi eat ” Often infants become lestless when too 
waim and thereby increase then heat pioduc- 
tion The major facts, howevei, aie that a 
minimal metabolic rate is needed to supply 
eneigy foi vital functions and that above a 
critical temperatuie the rate of biochemical 
reactions, and hence heat pioduction, in- 
creases progressively with envnonmental tem- 
perature Again, cnculatory adjustments aie 
the first line of defense Blood flow to the sur- 
face and through the extremities is mci eased 
But m heat, too, theie is a maximum tem- 
perature beyond which changes m cucula- 
tion aie inadequate (34° G m adult man) 
Sufficient heat cannot be dissipated because 
the tempeiature gradient between the skm 
and the surroundings is so fai reduced or 
even negative At this point evapoiative loss 
via sweating must occur If the oigamsm is 
working, the temperature at which sweating 
begins is lowei 

A neutral thermal environment is one m 
which coie tempeiature lemams within the 
normal range while oxygen consumption is 
minimal Fiom the preceding description of 
variables influencing heat loss, it is clear that 
this set of thermal conditions includes not 
only air temperature but also such vanables 
as the temperature of objects m the envuon- 
ment, air flow, and relative humidity The 
characteristic core temperature of homeo- 
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therms differs from species to species, with 
age within a species, and to a slight degree 
among adults within a species So also do the 
level and range of the neutral thermal en- 
vironment, a fact which came to be recog- 
nized m the couise of recent research, pai- 
ticularly with the newborn, causing a change 
in the definition homeothermy No longei 
is maintenance of a constant body tempera- 
ture ovei a wide range of envnonmental con- 
ditions the crux of the definition Rathei, the 
distinguishing characteristic of homeotherms 
is that m the event of heat loss exceeding 
heat pioduction, lesponses occui that lead to 
the conservation of heat, and, when needed, 
an increase m metabohc rate 

Reflex reactions directed towaid maintain- 
ing thermal stability aie mtegiated by two 
perhaps not completely independent hypo- 
thalamic centers, one m the poscenor hypo- 
thalamus controlling responses to cold and 
one m the anterior hypothalamus for leactions 
to heat Input to these centers comes fiom 
central leceptois within the antenoi hypo- 
thalamus and from tempera tuie receptors in 
the skin Because the degree of hypothalamic 
cooling requned to activate strong reactions 
is greater than that typical on exposure to 
cold, cutaneous receptors are thought to play 
the major role in stimulating the defense 
mechamsms against a decline m body tem- 
perature In contrast, central receptois ap- 
parently provide the pnmary stimulus for re- 
sponse to heat The latency of sweating is 
long, and sweating seems to be more highly 
correlated with biam temperature than with 
skm temperature Efferent impulses activating 
reactions to heat and cold are mediated by 
the sympathetic nervous system Within the 
hypothalamic centers catecholamines may 
serve as synaptic mediators, seiotomn for 
the cold center and norepmephiine for the 
heat center 

According to the old definition of a homeo- 
therm given earhei, the newborn human in- 
fant was considered poikilothermic (cold- 
blooded) By the new one, he is a homeotherm, 
albeit a less adequate one than his parents 
Contrary to frequent assertions, his difficulties 
do not arise from immaturity of the neuial 
regulatory mechanisms, for within 15 minutes 
of birth premature as well as full-term in- 
fants respond to cooling by vasoconstriction 
and a marked increase m heat production 


(Adams, Fugiwara, Spears, and Hodgman, 

1964, Adamsons, Gandy, and James, 1965, 
Bruck, 1961, Pnbylova and Znamenacek, 

1966) Theie is speculation that the low arter- 
ial oxygen tension consequent upon laboi 
and delivery would piobably make it impos- 
sible for the newborn to increase his heat 
production immediately (Adamsons et al , 

1965, Oliver, 1965) 

At least by the age of 2 to 3 hours the 
metabohc lesponse to cold is as good as that 
of the adult on the basis of body weight 
(Adamsons et al , 1965, Bruck, 1961, Hill 
and Rahimtulla, 1965) The magnitude of 
this reaction is particularly surprising m view 
of the fact that human infants ordinarily le- 
ceive little oi no food dui mg the fust 1 oi 2 
days of postnatal existence 

On exposuie to heat premature and full- 
term infants also show a vasomotor response, 
vasodilation (Adams, Fujiwara, Speais, and 
Hodgman, 1964, Bruck, 1961, Young and 
Cottorn, 1966), on the fust day, although as 
noted earhei (see Circulation) it may not be 
as good as it is a few days Jatei Panting res- 
piration has been noted in the piemature 
(Adams et al, 1964) Unlike previous in- 
vestigators (see leview m Lipton, Stem- 
schneidei, and Richmond, 1965), Biuck (1961) 
produced some sweating m full-teim infants 
on their first day He did not attempt to test 
the response of premature infants to high 
tempeiatures Others (Adams et al , 1964, 
Day, Cakguiri, Kamenski, and Ehrlich, 1964) 
have since reported the sweating response 
to be poor, especially m the piematuie in- 
fant, but the problem seems to he more m 
the glands themselves (Watson and Lowrey, 

1967) than m their control 

In dealing with cold, the neonate is also 
handicapped primarily by physical charac- 
teristics, in this case, small size, a laige sui- 
face aiea to mass ratio, and poor insulation 
(Adamsons, 1966, Hill, 1961, Mount, 1966, 
Oliver, 1965) Insulation, surface aiea, and 
the temperature gradient between the skm 
surface and the surroundings determine the 
rate of heat loss from the body The lower 
limit of theimal conditions at which a homeo- 
therm can maintain his core tempeiature is 
set by his maximal metabolic response to cold 
and his minimal effective thermal conduc- 
tance Thermal conductance is the difleience 
between coie and skm tempeiatures and varies 
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with insulation, the surface aiea-mass ratio, 
and vasomotor control Only with respect to 
the last factor is the newborn in as favorable 
a position as the adult 

Because the neonate’s layer of subcuta- 
neous fat is thinner, his theimal conductance 
is greater Therefoie his skin temperature is 
higher relative to the sui roundings and he 
loses more heat At resting levels his met- 
abolic rate per unit surface area is lower than 
the adult's, and his metabolic leaction to 
cold, although comparable on a weight basis, 
is poorer relative to surface area Thus the 
point at which heat production can no longer 
match heat loss is reached soonei These phys- 
ical factors combine to pioduce a heat loss 
about foui times greater than that of the 
adult (Bruck, 1961) 

Given such limitations, the neonate would 
be expected to need a neutral thermal en- 
vironment higher m temperature and nai- 
rower m lange than does the adult Other 
conditions (eg, humidity, approximation of 
environmental temperature to that of radiant 
surfaces) being equal, the neutral thermal 
environment for the adult is 26 to 31° C (see 
review m Oliver, 1965), whereas that of full- 
term neonates is at least 32-34° C (Bruck, 
1961, Oliver and Karlberg, 1963, Scopes, 
1966) Conditions m these studies may have 
reduced losses through radiation (Oliver, 


1965) Hill and Rahimtulla (1965) report an 
even higher critical tempeiatuie — 36 °C — on 
the first day (below the critical temperatuie 
metabolic rate begins to use) Critical tem- 
perature declined to 32° C at 7-9 days, but 
thermal conductance did not change Scopes 
(1966) also found a decrease dunng the first 
2 weeks, the critical temperature reaching 
29-30° C at 14 days 

Almost all of the observations thus far 
cited were made on naked infants, and the 
generalizations from them must be so qual- 
ified The ancient practice of wrapping the 
babe in swaddling clothes may hampei mod- 
em musing care and experimental observa- 
tions, but it matenally reduces all possible 
heat losses Whether swaddling per se makes 
any difference m the patterns obseived may 
be questioned on the basis of compaiable 
findings with respect to postnatal trends m 
rectal temperature from both older studies of 
swaddled infants (see summary m Smith, 
1959) and moie recent work with naked 
ones (see Table 10) 

In only one study — one m which the in- 
fants were deliveied into warm wrappings 
and placed m a preheated mcubatoi (Pnb- 
ylova and Znamenacek, 1966) — has the rather 
dramatic immediate postnatal drop m internal 
temperatuie been completely eliminated Sev- 
eral variables confounded m this treatment 


Table 10 Perinatal Body Temperatures 

Pribylova and Znamenacek ( 1966 ) 

Mean rectal temperature ( °C) at environmental 
temperatures (°C) of 


33° 23° 



Birth 

15 mins. 

30 mins 

45 mins. 

1 hr. 

2 hr, 

3 hr 

37.44 

37 16 

37 13 

37 19 
37.24 

37 35 

37 33 

37.40 

36.33 

35 95 

35 40 

35.20 

35 10 

35 13 



Fisher, Odie, and Makoski (1966) 





Temperature range (°C) 




Ambient 

Rectal 

Skm 

0-4 hours 

Incubated 

23 0-28.8 

32.3-36.6 

29.0-35.4 


Nonincubated 

32 0-40.0 

36 6-39.2 

35.5-37.7 

4-24 hours 

Incubated 

23,3-29 0 

319-374 

32.5-36 6 


Nonincubated 

31 0-40.0 

36 6-38.1 

35 5-37.7 
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are at least partially disentangled m lesearch 
conducted by Miller and Oliver and sum- 
marized by Olivei (1965) To appreciate the 
point of their comparisons, a brief digression 
into the natural histoiy of life m the contem- 
porary deliveiy room and newborn nursery 
is m order 

Both theoretical calculations and actual 
measuiements show the core temperature of 
the fetus at teim to be about 0 5° C higher 
than that of the mothei, and the skin tempei- 
ature to be about 2 5° greatei than postnatally 
( see review in Adamsons, 1966) Fiom his 
liquid environment of about 37° C the fetus is 
bom wet into a gaseous one that is invariably 
colder — delivery 100 m temperatures are some- 
times as low as 15° C, and at least in Great 
Britain, raiely over 28° C (Scopes, 1966) 
Until he dries or is dried, considerable heat 
will be lost through evaporation as well as 
by othei routes, these losses being increased 
by the steep gradient between the temper- 
atures of the skin and the surroundings Cui- 
rent routine subjects him to at least one fur- 
ther wetting — a bath m the newborn nuisery 
— and this may be preceded by one m the 
delivery room Under these ciicumstances the 
drop m core temperature is so steep and 
rapid, and the accompanying heat loss so 
great, that a heat pioduction pei unit 
weight twice as great as the adult's would 
not offset it (Adamsons, 1966) 

To the compound of natural and environ- 
mental hazaids already described other en- 
vironmental ones may then be added Despite 
warm rooms or incubators, typical nursery 
arrangements make for a radiant heat loss 
far m excess of that usual for adults (see re- 
view m Oliver, 1965) That the full-term 
newborn's internal tempeiatuie begins to climb 
within 2-3 hours is certainly a triumph of 
homeothermy 

The experiment described by Oliver ( 1965) 
indicates that bathing and subsequent man- 
agement do affect the postnatal pattern of 
change m rectal temperature A group of in- 
fants bathed m both dehveiy room and nur- 
sery and otherwise routinely managed had 
a mean drop m temperature of 2 5° C One 
in which only the nursery bath was omitted 
showed a decline of about 2° Both groups 
took 8 hours to achieve a normal core tem- 
perature On the other hand, infants wrapped 


and blanketed and placed m an incubator 
lost only 1° of temperature and returned to 
normal within 3 hours 

Oliver (1965) also summarizes evidence 
for the importance of a controlled thermal 
environment in reducing neonatal mortality 
and discusses the applications of recent re- 
seal ch to the management of both healthy 
and “high-risk” infants Several investigators 
have examined the effect of body and en- 
vironmental temperature on hormone, carbo- 
hydrate, and water metabolism and acid-base 
balance (Adamsons, 1966, Fisher, Odie, and 
Makoski, 1966, Pribylova and Znamenicek, 
1966) 

In the course of his monumental studies 
Bruck (1961) made several observations 
about the mechanisms underlying the new- 
born infant's responses to cold that were sub- 
sequently confirmed and expanded by other 
investigators First, he noticed that when in- 
fants who had been exposed to subneutial 
environmental temperatures were placed m a 
neutral thermal environment, their metabolic 
rate dropped promptly although their rectal 
temperatuies were still low This phenomenon 
suggested that the metabolic response to cold 
was activated by a lowering of skin rather 
than core temperature Second, he noted in- 
creases m heat production not only following 
increased activity but also when the infants 
appealed to be neither moving nor shivering 

As yet there is no consensus on the influ- 
ence of internal temperature A significant 
association between rectal temperature and 
oxygen consumption has been observed by 
some workers and not by others ( see reviews 
in Adamsons, 1966, and Scopes, 1966) On 
the other hand, the role of skin and environ- 
mental temperature, or more particularly the 
gradient between them, has been verified 
Oxygen consumption is most highly correl- 
ated with the gradient between surface and 
envnonmental temperatuies (Adamsons et al , 
1965) When the gradient was less than 
1 5° C oxygen consumption was minimal 
Every degree of increment m the gradient 
beyond this level produced an increase m ox- 
ygen consumption of about 0 6 ml Lower 
but significant correlations existed between 
oxygen consumption and absolute skm or en- 
vironmental temperatuie Simply varying fa- 
cial temperature by either heating or cooling 
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the foreheads of infants is enough to stimulate 
changes in oxygen consumption ( Mestyan, 
Jarai, Bata, and Fekete, 1964) 

Not all observers agree that the newborn 
infant shivers (Adamsons, 1966, Scopes, 
1966, Thompson, 1966), However, the exis- 
tence of nonshivermg thermogenesis suggested 
by observations on human infants (Bruck, 
1961, Oliver and Karlberg, 1963) has been 
verified m lower animals using electromyo- 
grams (muscle potentials), denervation, and 
paralysis of muscles with drugs (see reviews 
m Oliver, 1966, Thompson, 1964) The idea 
that norepinephrine mediated this response 
was also revolutionary, but its thermogenic 
effect is now supported by work with human 
infants (Karlberg, Moore, and Oliver, 1965, 
Stem, Lees, and Leduc, 1965) and experi- 
mental tests m animals via injections and 
blocking agents (Moore and Underwood, 
1960a, 1960b, Scopes and Tizard, 1963) 
Human adults, long known to have a thermo- 


genic response to epmephnne, may also have 
one to norepinephrine, but if so, it is much 
less than that of the newborn (Budd and 
Warhaft, 1966, Joy, 1963, Steinberg, Nestel, 
Buskirk, and Thompson, 1964) 

Converging lines of evidence pointed to 
brown fat as the locale of nonshivermg ther- 
mogenesis m neonatal animals (Dawkins and 
Hull, 1963, Heim and Hull, 1966) and prob- 
ably human bemgs (Aheme and Hull, 1966, 
Dawkms and Scopes, 1965, Silverman, Za- 
melis, Sinclair, and Agate, 1964) A review 
by Hull (1966) should be consulted for de- 
tails on the structure and function of brown 
adipose tissue Suffice it to say here that it is 
distinctive from white fat, is found m consider- 
able amounts m newborn animals but soon 
atrophies, has a rich supply of blood and of 
sympathetic nerves, and responds to cold or 
infusion of norepinephrine with an increase 
m oxygen consumption and blood flow In 
the human infant brown fat is found around 


Table 11 Longitudinal Trends in Body Temperature 


Study 

Conditions 

Measure, 

Bayley and 
Stolz (1937) 
Developmental 
Examination 

Mean Rectal 
(°F) 

Iliff and Lee 
(1952) 

Post Feeding 
and 

Sleeping BMR 
Mean Rectal 
(°F) 

yrs 

Bayley and 
Stolz (1937) 
Developmental 
Examination 

Mean Oral 
(°F) 

Iliff and Lee 
(1952) 
Basal 

Mean Oral 
(°F) 

Eichom and 
McKee (1953) 
Basal 

Mean Oral 
(°F) 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

1 mo 

98 97 

98 96 



35 



98 7 

98 7 



2 

99 16 

99 09 



45 



98 6 

98 5 



3 

99 42 

99 35 



5,5 



98 5 

98 5 



4 

99 36 

99 37 



60 

99 2 

99 2 





5 

99.37 

99 40 



65 



98.4 

98 5 



6 

99 38 

99 27 

99 1 

99.1 

70 

98 8 

98 8 





7 

99 88 

99 58 



75 



98 3 

98 4 



8 

99 78 

99 73 



85 



98.3 

98 3 



9 

99 88 

99 48 



95 



981 

98 2 



10 

99 66 

99 53 



10 5 



98 0 

981 



11 

99 67 

99 49 



115 



98 0 

980 

97 9 

98 0 

12 

99 95 

99.49 



12 0 





979 

97 9 

13 

99 70 

99.70 



12 5 



97 8 

979 

97 9 

97 8 

14 

99 70 

99 59 



13 0 





97.8 

97 9 

15 

99 86 

99 40 



13 5 



97 7 

97 9 

97.9 

980 

18 

99 95 

99 70 

99,1 

991 

14 0 





97 7 

98 0 

21 

99 84 

99 32 



14,5 



97 6 

97 9 

97 8 

979 

24 

99 73 

99 58 



15 0 





97 6 

980 

27 

99 60 

99.50 



15 5 



97 4 

97 9 

97 6 

98.0 

30 

99 62 

99 17 

99 0 

98 8 

16 0 





97.5 

97.9 

3,0 yrs. 

99.22 

98 72 



16 5 



97,3 

97 8 

974 

97 8 

35 



98,9 

98 8 

17,0 





97.4 

97 8 

4.0 





17 5 



972 

97.9 

974 

978 
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the neck, adienal, and kidneys, behind the 
sternum, and between the shoulder blades 
(Aheme and Hull, 1966) These stores are 
reduced 01 depleted in infants dying from 
cold exposuie (Aherne and Hull, 1966) 
How long nonshivering thermogenesis con- 
tinues to be important m heat production and 
temperature regulation has not been deter- 
mined, studies on childien with congenital 
heart disease suggest at least the first six post- 
natal months (Oliver, 1965) The longitudi- 
nal data presented m Table 11 indicate that 
the “set point” foi basal body temperature is 
high during infancy and declines with age 
Unlike the studies included m Table 10, all 
of these were conducted before theimocouples 
were available foi insertion in the rectum oi 
thermistois for attachment to the skm How- 
ever, either lectal or oral temperatuies taken 
with a clinical theimometer under caiefully 
controlled conditions paiallel coie tempei- 
ature Coie temperature is slightly highei 
than the rectal tempeiature If the theimom- 
eter is m the mouth for a sufficient length of 
time and the influence of such factors as 
mouth-breathing and intake of food or fluid 
is excluded, oral tempeiatuie paiallels rectal 
but is 0 5 to 0 75° F higher 

The curvilinear trend in the temperatuie 
measures of Bayley and Stolz (1937), which 
are not basal, is quite similar to that noted 
m basal measures by Benedict and Talbot 
(1921) The fact that there is no difference 
m Iliff and Lee's means at 6 and 18 months 
hints at a comparable tiend Of the vanables 
that Bayley and Stolz (1937) examined — 
crying, season, time of day, illness, and obe- 
sity — only the last showed any evidence of 
an association with body tempeiatuie The 
correlations between rectal temperature and 
an index of body build were low but positive 
and significant Among adolescents, Eichorn 
and McKee (1953) found a positive asso- 
ciation between oral temperatuie and sub- 
cutaneous fat m girls and oral temperatuie 
and basal metabolic late in boys In then 
data the decline m temperatuie was reversed 
at menarche m girls and rose for about two 
years thereafter before resuming the decline 
At what would be corresponding chrono- 
logical ages, Iliff and Lee repoit simply a 
cessation of the decline 
Despite the diurnal variations noted by 
many investigators, wzthin-day and day-to- 


day vanations, notable in young childien 
(Bayley and Stolz, 1937, Ludwig and Stolz, 
1931), also decrease with age (Bayley and 
Stolz, 1937, Eichorn and McKee, 1958) 
These findings suggest that theimal stability 
continues to improve well beyond infancy 

NEUROPHYSIOLOGY 

Pei haps this section should be called “Elec- 
troencephalography,” for that is, with minor 
exceptions, the subject matter with which it 
deals The selective emphasis is dictated not 
by the lelative worth of the vanous types of 
data beanng upon the functional development 
of the neivous system but lathei by the natuie 
of the mfoimation available and the topical 
coverage elsewhere m this book If value 
judgments had to be made, stnctly behavioral 
studies would leadily be conceded to have 
provided a larger amount of more imme- 
diately useful data not only for the psychol- 
ogist and neuiologist but also foi the neuio- 
physiologist “Higher nervous activity,” as the 
Russian psychologists and physiologists teim 
it, is characterized by flexibility, intei action, 
and mtegiation, all of which are reflected m 
adaptive, coordinated, attentive behaviors, 
and by modifiability, as evidenced m learning 
and memory These behaviors constitute the 
theme of most of the other chapters 

Many insights into the development of 
normal and abnoimal neuial function have also 
been gained from the study of neuiomuscular 
reflexes, such as the grasp, startle, and vanous 
withdrawal responses (Dekaban, 1959, Peipei, 
1963) Similarly, some investigations of vis- 
ceral (eg, circulatory, glandular and gastro- 
intestinal) activity have as then aim the eval- 
uation of the integiity of the autonomic 
neivous system (Lipton, Stemschneidei, and 
Richmond, 1965) In large measure such 
vital homeostatic pi o cesses are regulated by 
this division of the neivous system, and about 
the only way of assessing its function m the 
intact human being is to examine the rate 
of reaction and lecovery and the degree of 
stability of these activities With few excep- 
tions, research on reflexive behavioi and auto- 
nomic function set in the context of neuial 
maturation has been conducted with young 
infants and hence is included m Chapter 5 
(Infancy by William Kessen) Developmental 
changes m some of the processes subject to 
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autonomic control, that is, heart rate, blood 
pressure, and sweating, have been consideied 
m preceding sections of this chaptei fiom the 
point of view of the physiology of the effector 
system Too often the fact that a deficiency 
m function may result from the state of the 
effector system rather than from its innerva- 
tion is ignored when a visceial response is 
used to evaluate the reactivity of the auto- 
nomic nervous system A case m point — the 
relatively pool sweating response of neonates 
— was noted in the discussion of temper- 
ature regulation 

Our understanding of function is also broad- 
ened by the contributions of nemoanatomy 
and neurochemistry Important aspects of the 
anatomical development of the nervous sys- 
tem are summarized m Chapter 3 (Physical 
Growth by J M Tanner) Chemical leactions 
underlie the action potentials of nerves, and 
transmission at most synapses is chemically 
mediated During the past decade develop- 
mental patterns m the composition (lipid, 
protein, water, etc ), enzymic concentrations, 
and metabolism of the bram have become 
foci of research To date, however, most of 
the work has been with lower ammals, and 
measuies on the living human being are par- 
ticularly scarce (Mcllwam, 1966) Except 
for the research on the electroretinogiam re- 
viewed m the chapter on perception (Chap- 
ter 10), the only systematic body of develop- 
mental data on the electucal activity of the 
human nervous system comes from the elec- 
troencephalogram 

Basis of the Electroencephalogram 

If sufficiently amplified, the variations in 
potential produced by the electrochemical 
activity of the bram can be recorded from 
electrodes on the scalp This tracing is called 
an electroencephalogram (EEG) One ob- 
tained from the surface of the exposed bram 
or from electrodes mseited into the coitex is 
also sometimes lefeired to as an EEG, but the 
term electrocorticogram (ECG) distinguishes 
these recordings from those made at the scalp 
Although the tracing from a single pair of 
electrodes — one on the scalp and one else- 
where on the body (monopolar recording) 
or two on the scalp (bipolar recording) — 
technically constitutes an EEG, localization 
of the region of origin of potentials, com- 
parisons among regions, and economy of time 


make a number of simultaneous recordings 
essential 

For many years the most widely accepted 
hypothesis about the oiigm of bram waves 
was that they resulted from the summation 
of action potentials generated m cortical cells 
and passed along their axons in the form of 
the classic all-or-none spike This concept 
was challenged by several pieces of evidence 
(Biazier, 1961) Micioelectrode recordings 
from individual cortical cells show no par- 
ticular correspondence with the EEG Fur- 
ther, the impedance (resistance to current 
flow) of the cerebral cortex is high, and the 
direct cm rent flow from the mnei layers is 
not strong enough to be detected at the scalp 

Today the EEG is thought to originate 
from current flow m the thousands of den- 
drites m the outer layers of the cortex The 
physical chaiactenstics of these layeis and the 
nature of dendritic transmission aie such that 
they should pioduce a pattern like that of the 
EEG However, as has been shown by re- 
search with lowei animals m which pathways 
to the cortex weie stimulated or interrupted 
at various points, the suiface activity is in- 
fluenced by impulses from the lower levels of 
the specific sensory systems and the leticular 
activating system m the bram stem which are 
relayed via the nonspecific nuclei m the hypo- 
thalamus For example, if a circular incision 
is made around a cortical area, synchronized 
electrical activity is not mteriupted as long 
as the blood supply is not affected Rhyth- 
micity is decreased when the connections to 
deeper levels are cut 

Methodology 

The EEG is being used with increasing 
frequency m behavioral studies, for example, 
studies of learning, sensory acuity and adapta- 
tion (habituation), stiess, individual differ- 
ences, and response to therapy As is the case 
with all research, both the producers and 
consumers must be aware of the method- 
ological pitfalls, for the value of any study is 
limited by the care with which the data were 
collected, and the results must be interpreted 
m terms of the methods used These truisms 
apply with particular force to the fluctuations 
m potential differences recorded at the scalp, 
The very characteristic that makes these fluc- 
tuations of interest, namely, that they are 
readily produced by a variety of chemical. 



PHYSIOLOGICAL DEVELOPMENT 243 


physiological, and psychological variables, 
means that the experimental conditions must 
be very carefully controlled Furthei, the 
potentials are of such small magnitude that 
they are easily masked by largei voltages 
arising from internal and external sources, 
and the basic parameters on which evalua- 
tions are based — frequency, amplitude, and 
time relationships — are subject to distortion 
by the apparatus used foi amplification and 
recording Artifacts can also be mistaken for 
true ‘‘brain waves ” 

Space does not permit a comprehensive 
treatment of the many sources of interference 
and artifacts nor of the techniques for recog- 
nizing and coping with them For greatei 
detail on the electrophysiological characteris- 
tics of living tissue, the design and inherent 
limitations of instruments, and the ways in 
which distortion and artifacts can be detected 
and corrected, textbooks on electroencepha- 
lography such as those by Hill and Parr 
(1963) and Kiloh and Osselton (1961) and 
instrument manuals should be thoroughly 
studied Elhngson (1967a, 1967b) gives good 
discussions of methodological issues, particu- 
larly m dealing with infants 

In certain respects the standard conditions 
for obtaining an electroencephalogram aie 
diametrically opposed to those for basal meta- 
bolic rate and othei measures thus far con- 
sidered. Neither fasting nor a precedmg 
period of protracted sleep is desirable Fasting 
is contraindicated because at a blood sugar 
level of about 70 mg/100 cc (fasting levels 
are 60-70) the brain waves become slower 
than normal, and their frequency is progres- 
sively i educed as the level falls further 

Sleep records are of both research and 
clinical mterest, and natural sleep is prefer- 
able to that induced by drugs, particularly 
if the effects of sensory stimulation are to be 
studied Although there are sedatives that 
do not ordinarily affect the EEG, idiosyncratic 
drug reactions are legion Physical and mental 
relaxation are prerequisites for a normal 
“basaF record, that is, one taken while the 
subject is awake but resting Light “blocks” 
the primary rhythm of the resting EEG, so 
the subject is instructed to keep his eyes 
closed, Infants will sometimes do so spon- 
taneously, and until the age of 3 months or 
so it makes little difference whether they do 
or not 


For older childien and adults, the Inter- 
national 10-20 System (Jaspei, 1958) of 
electrode placement has been gaming wide- 
spread adoption Nineteen electrodes are ap- 
plied at well-defined locations on the scalp, 
and a “reference” electrode is attached to 
each eai lobe This is too many electrodes 
for a small skull even if the subject’s and 
experimenters patience were adequate to the 
task of applying them When electrodes are 
too close together the mterelectrode resistance 
is increased and the amplitude of the poten- 
tial differences is decreased A radiograph- 
ically based 16-electrode adaptation of the 
10-20 system and simpler arrays (topogiaphi- 
cal location of electrodes on the head) have 
been used with infants (Hellstrom, Karlsson, 
and Mussbichler, 1963, Elhngson, 1967b) 
Aside from maintaining sufficient distances 
between electrodes, the primary cntena are 
adequate sampling of different regions of the 
biain and exact placements, prefeiably ones 
that can be described m terms of measured 
distances The relative positions of external 
landmarks and the location of regions of the 
brain m terms of these are not the same in 
infants and adults 

The long-continued debate ovei the relative 
merits of monopolar and bipolar recording 
has never been resolved Elhngson (1967b) 
makes some constructive suggestions m terms 
of the age of the subject Because reference 
electrodes on the ear are not really “indif- 
ferent” but pick up activity from adjacent 
portions of the temporal lobe whenever the 
rhythms in this region are strong, as they 
are, for example, m premature infants, the 
EEG will be deceptively diffuse On the other 
hand, a vertex reference lead is poor for sleep 
recording, for the same reason Dunng sleep 
the most salient activity m premature infants 
and neonates is m this area, and monopolar 
recordings will be both more diffuse and moie 
synchronous than the underlying activity actu- 
ally is 

Distinctive features of the EEG used in the 
analysis of both spontaneous and induced 
activity include frequency, amplitude, wave- 
form, a number of aspects of temporal and 
spatial distribution — rhythmicity, continuity, 
differentiation among cerebral regions, sym- 
metry or synchrony of homologous areas m 
the nght and left hemispheres of the brain — 
and responsiveness to stimulation Berger 
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( 1929) labeled the 10 cycle per second waves 
predominant over the occipital region in the 
resting record of adults the “alpha rhythm ” 
On the basis of further empirical observations, 
subsequent investigators divided the frequency 
spectrum of the EEG into several “bands* 
designated by Greek letters Not all workers 
accept this convention, and the definitions 
used by those that do vary somewhat The 
groupings currently in geneial usage are 
delta, under 4 cps (cycles per second), theta, 
4-7 cps, alpha, 8-13 cps, and beta, over 13 
cps Sometimes the beta band is restricted to 
frequencies of 14-25 sec and faster ones are 
classed as gamma (Gibbs, 1944, Walter, 
1963) In some studies done before the theta 
division was made, waves up through this 
range were classified as delta (Henry, 1944) 

Ontogeny of the Waking EEG 

From either a rational or pragmatic stand- 
point, normative data on the EEG may be 
organized under three rubrics activity while 
awake but at rest, sleep patterns, and evoked 
responses The waking, resting state serves as 
the standard or reference condition for the 
sequence of stages of sleep and as the con- 
text for most experimental manipulations, 
although the effects of sensory stimulation 
and certain other variables are also often 
examined during sleep 

Tracings from fetuses m utero and prema- 
ture infants are considered first The terms 
waking and sleeping cannot properly be ap- 
plied to those obtained before 8 fetal months, 
however, for one of the major characteristics 
of the EEG before this age is the absence of 
a sleep-wakefulness cycle 

In most respects the problems of m utero 
electroencephalography and the techniques 
for coping with them are like those for in 
utero electrocardiography Achieving an ade- 
quate signal-to-noise ratio is more difficult be- 
cause the EEG potentials are of even smaller 
magnitude than those generated by the fetal 
heart Only electrodes over abdominal areas 
near to the place where the fetal head can 
be felt will pick up the EEG, but a number 
of leads should be attached elsewhere to allow 
for movements of the head and to control for 
artifacts Unless the tracing is reasonably simi- 
lar to that of the newborn infant and differs 
from simultaneously recorded tracings at other 


abdominal sites, it probably is being produced 
by contractions of the uterus or abdominal 
muscles, the fetal or maternal EKG, fetal 
movements, or some combination of these po- 
tential sources 

While recording fetal EKGs at the end of 
the seventh and eighth months of his wife's 
first pregnancy, Lmdsley (1942) noticed pat- 
terns m certain abdominal leads that could 
reasonably be mterpieted as an EEG He 
verified his impression by the methods just 
described and by comparing the tracings with 
a neonatal EEG from the same infant In the 
prenatal record most of the waves had a fre- 
quency of 6-7/sec , but brief periods of faster 
activity were frequent The postnatal tracing 
from the precentral (motor) legion was al- 
most identical, Some years after Lmdsley's 
findings weie published reports of intrauterine 
EEGs (Bemstme, Borkowski, and Price, 
1955), and of direct recordings fiom abortuses 
(Okamoto and Kirikae, 1951) and piemature 
infants (Hughes, Davis, and Brennan, 1951) 
began to appear 1 

Even with the accumulation of additional 
observations on fetuses m utero (Bernstine, 

1961, Bemstme and Borkowski, 1956, Gia- 
nelh, Pavom, and Scopetta, 1963, Huhmar 
and Jarvmen, 1963) and abortuses (Aresm, 

1962, Bemstme, 1961, Boikowski and Bem- 
stme, 1955, Schwartze and Aresm, 1964) the 
circumstances of recording are such that the 
data are neither plentiful nor very informa- 
tive Except for one study in which intra- 
cerebral electrodes were used (Bergstrom and 
Bergstrom, 1963), mtiautenne tracings have 
not been obtained until fairly late m gestation, 
and no localization is possible A few fetuses 
have been examined before they were re- 
moved from the ammotic sac (Bergstrom and 
Bergstrom, 1963, Okamoto and Kmkae, 

1 Abortuses may be the product of either spon- 
taneous or induced deliveries, the criteria for in- 
clusion m this group are a weight of less than 500 
grams (which corresponds to a fetal age of about 
months) and failure to survive If a fetus 
weighs more than 500 grams at birth it is classed 
as premature whether or not it is viable Extensive 
bibliographies and reviews of the methods and 
results of work with fetuses in utero , abortuses, 
and premature infants can be found in the inter- 
pretive summaries of Bemstme (1961), Dreyfus- 
Bnsac' (1964, 1966), and Elhngson (1967b), 
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1951), but no abortus can be assumed to be 
m a normal physiological state EEGs from 
both types of sample may be simply and 
similarly described as composed of discontinu- 
ous, irregular slow waves (0 5-2/sec ) of low 
to moderate amplitude upon which a con- 
siderable amount of low voltage faster activity 
(as high as 40/sec ) is superimposed Thus, 
m very general features these tracings re- 
semble those from older viable premature 
infants (see below) The significance of 
studies on abortuses lies mamly m the demon- 
stration that the human cortex is generating 
electrical potentials by at least the second 
fetal month (Bemstme, 1961, Schwartze and 
Aresm, 1964) 

In contrast, a detailed account of the evo- 
lution of the EEG from the fifth month 
through teim has been derived from the much 
larger literature on premature infants (Bern- 
stme, 1961, Dreyfus-Bnsac and Blanc, 1956, 
Dreyfus-Brisac, 1962, 1964, 1966, Elhngson, 
1964a, 1964b, 1967b, Mai and Schaper, 1953, 
Palesi and Vannucchi, 1958, 1959, Pohkamna, 
1962) With minor exceptions (Dreyfus-Bri- 
sac, 1966, Dreyfus-Bnsac, Flescher, and Plas- 
sait, 1962), the EEGs of premature infants 
surviving to a given age are like those of 
infants bom at that age, so earlier tracings 
from the more premature probably reflect 
maturation in utero quite accurately This 
inference is not applicable to records made 
on fetuses delivered m the fifth month nor 
to most bom dunng the sixth, for they are 
likely to be anoxic, and few infants born 
under 7 months of age live very long Also, 
individual variations m rate of development 
are considerable (Elhngson, 1967b) Some 
infants of less than average maturity may in 
the course of a week become relatively ad- 
vanced while others lemain generally retarded 
or advanced Further complications are intro- 
duced by the fact that there are a number 
of ways of estimating fetal age (eg, from 
the first or last day of the last menstrual 
period or from 2 weeks after the first day) 
and a teim for each (eg., gestational age or 
menstrual age) , but the usage of these terms 
by different authors is not consistent In the 
present discussion ages aie based on a 9- 
month schema, because the aveiage gestation 
period is 270 days 

Granting the reservations about viability, 


individual differences, and specificity of ages, 
a number of generalizations about the pre- 
natal development of the EEG can be drawn 
from the work with premature infants The 
features common to the period from 5 through 
7 months are discontinuity, occasional par- 
oxysmal outbursts (sudden appearance of a 
senes of potentials diffenng m frequency and/ 
or amplitude from the prevailing activity), 
failure to react to stimulation, and absence 
of mterhemisphenc (bilateral) synchrony and 
of a sleep-waking cycle (Dreyfus-Bnsac, 1962, 
1964, 1966) On the other hand, many rapid 
changes can also be discerned during this 
time (Dreyfus-Bnsac, 1962, 1964, 1966, El- 
lmgson, 1964a, 1967b) In the fifth-month 
record, polymorphic rhythms appear in bursts, 
chiefly over the occipital areas, between pe- 
nods of electrical silence lasting from a few 
seconds to a few minutes Supenmposed faster 
activity is seen in the occipital, occipitotem- 
poral, and central regions The tracing lacks 
organization and mtrahemisphenc or mter r 
hemisphenc synchrony Notable m the sixth 
month are a diminution of disorganization and 
polymorphism and an increase in theta activity 
and mtrahemisphenc synchrony. Throughout 
the seventh month discontinuity decreases 
progressively, especially in the occipital or 
occipitotemporal areas This degree of locali- 
zation, although bmlt up over the preceding 
months, is peculiar to the seven-month EEG 
Slow waves, mixed with the theta prevalent 
m the preceding month, predominate 

Several major transitions take place at 
eight months (Dreyfus-Bnsac, 1962, 1964, 
1966, Elhngson, 1964a, 1967b) First, a 
sleep-waking cycle, barely distinguishable near 
the end of the seventh month, is established, 
and diffuse reactions to sensory stimuli occur 
during sleep These phenomena are discussed 
m the appropriate sections that follow Sec- 
ond, bilateral symmetry begins to emerge, 
initially m the central areas and thereafter m 
the frontals Thud, activity is now continuous 
m the waking state, but it is less rhythmic 
than at 7 months Some delta and a small 
amount of alpha and beta activity are present 
However, theta frequencies become prevalent 
again Finally, the occipital predominance 
disappears from the waking record, so the 
topographical pattern is once more diffuse 
Dunng the ninth month the only modification 
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is m the sleep sequence Indeed, from 8 
months thiough at least the fiist month after 
term the waking recoid remains essentially 
unchanged (Dreyfus-Bnsac, 1966, Ellingson, 
1967b) 

Why legularity and localization give way 
to seemingly less mature patterns is not 
known Perhaps the appaient regression re- 
flects the emergence of coitical function A 
subcortical oiigm has been hypothesized for 
EEG activity at earlier stages (Dieyfus- 
Bnsac, 1962, 1966, Ellingson, 1964a, 1967b) 
More specifically, Ellingson (1964a, 1967b) 
speculates that the occipitotempoial predom- 
inance of activity may indicate origin m the 
limbic system (a complex system involving 
parts of the "old brain”) Because she ob- 
served potentials primarily in association with 
body movements, Samson-Dollfus (1955) 
made the further suggestion that the activity 
is evoked lather than spontaneous In any 
event, the inception of, or an inclement m, 
autonomous cortical activity could mask im- 
pulses coming from lower levels 

Observations on the development of the 
EEG after full-term bnth dates from early 
papers of Berger (1932, 1933), the "fathei 
of electroencephalography” Other repoits of 
age changes, some of which included repeated 
examinations of the same subjects and com- 
parisons of sleeping and waking records, soon 
followed (Bernhard and Skoglund, 1939, Da- 
vis and Davis, 1936, Henry, 1944, Lmdsley, 
1936, 1938, 1939, Loomis, Harvey, and Ho- 
bart, 1936, Smith, 1937, 1938a, 1938b, 1938c, 
1939, 1941) By and large, the wakmg EEG 
m the first few months of life is like that 
described above for the eight-month record, 
diffuseness being emphasized (Dreyfus-Bn- 
sac, 1966, Ellmgson, 1967b) 

A tendency toward concentration of theta 
activity ovei the central region in some 
neonates has been lemarked (Ellingson, 1958, 
1964a, Smith, 1938a, 1939, 1941), although 
Dreyfus-Bnsac (1966) considers this localiza- 
tion a sign of drowsiness Open eyes aie 
known to be a fallible criterion of wakefulness 
in young infants (Ellmgson, 1958), There 
does appear to be a little improvement m 
regularity, particularly over the central areas, 
during the early postnatal months, However, 
no remarkable transformations are seen m 
the wakmg record until the third to fourth 
month Like the eighth fetal month, this age 


maiks a significant turning-point The advent 
of an occipital "alpha rhythm” and its block- 
ing by sensory stimuli, attention or stiess are 
particularly striking In addition, refinements 
m other forms of evoked responses are per- 
ceptible (see below) 

Whereas alpha band lefeis simply to a 
range of frequencies, the designation of alpha 
lhythm is by tradition reserved for waves of 
these frequencies that are piesent m the 
occipital and panetal aieas when the subject 
is relaxed with eyes closed but are "blocked” 
by arousal, particularly by visual stimuli 
(Storm van Leeuwen et al , 1966, Waltei, 
1963) Using all these cnteria except fre- 
quency, Lmdsley (1936, 1938, 1939) and 
Smith (1937, 1938a, 1938b, 1939, 1941) 
reported that the alpha rhythm fiist appealed 
ovei the occiput at about the thud month 
postterm with a fiequency of approximately 
4/sec and increased m fiequency thereaftei 
until late childhood oi early adolescence (see 
Fig 6) Parietal rhythms, ongmally faster, 
inci eased more giadually 

Some activity m the alpha fiequency band 
is piesent even m newborn infants (Dreyfus- 
Bnsac, 1966, Ellmgson, 1964a, Gibbs and 
Knott, 1949, Smith, 1938a, 1938b, 1941), 
but it does not fulfill the othei cutena for an 
alpha rhythm (Kellaway, 1964) For this rea- 
son, most electioencephalogiaphers have ac- 
cepted the view of the development of the 
alpha rhythm outlined by Lmdsley and 
Smith A few, however, take exception Walter 
(1963) quairels with a definition of alpha 
rhythm that excludes the fiequency cntenon, 
although the eaily-appearmg alpha fiequen- 
cies he isolates are not responsive to visual 
stimulation for several years and hence do not 
meet anothei cuterion for alpha rhythm Re- 
cently several other investigators have leported 
considerable fast activity, particularly m the 
alpha range, m the newborn with the sug- 
gestion that the adult form of the rhythm may 
be intiinsic rather than the pioduct of evolu- 
tion fiom slowei activity (Churchill, Grisell, 
and Darnley, 1966, Liberson and Fiazier, 
1962, Sheftovalmkov, 1962, Sidorenko, 1961) 
To date, however, adequate controls for arti- 
facts from muscle tremor have not been 
instituted. 

There are also indications that the alpha 
and beta frequencies present m the newborn 
may be associated with natal circumstances. 
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Alpha activity was found to be gieatest over 
the right hemisphere m infants among whom 
the presenting position of the head was right 
occiput anterior, tians verse 01 posterior and 
gieatest on the left among those with left 
occiput transverse or postenoi presentation 
(Churchill et al , 1966) Only 35-45% of 
newborns have activity m the alpha frequency 
range (Churchill et al , 1966, Kellaway, 
1964), and it disappears from all but the 
central leads dunng the neonatal period (Kel- 
laway, 1964) Beta ihythms, found m about 
the same pioportion of infants and especially 
prominent in the prematuie, aie gone by 
about 4 weeks (Kellaway, 1964) They recui 
later in the year (Glaser, 1963) 

In the early research on age changes the 
primary aim was to tiace evolution of the 
dominant rhythms, Few electiodes were used 
and visual analysis and manual measuiements 
had to be relied upon Despite these limita- 
tions, several trends besides the initially rapi4 
and then moie gradual increase m the fre- 
quency of the occipital and parietal “alpha 
rhythm” were discovered The amplitude of 
this rhythm increased m some subjects for 
periods varying from months to years and 
then declined, so that group averages showed 
a curvilinear pattern Weihbach (1938) found 
frequency to be most highly correlated with 
brain weight, while amplitude was associated 


first with estimated numbei of active neurons 
and later with skull thickness Lmdsley 
(1939) also pointed to the possible role of 
the closure of the fontanelles m the i eduction 
of recorded voltage Organization, regularity, 
and bilateral symmetry were reported to in- 
crease rapidly from the fourth month to the 
end of the first year and more giadually 
theieafter The overall range of fiequencies, 
relatively narrow m the first year, was ob- 
served to expand, becoming almost as wide 
as that of the adult by age 10 

These findings were augmented m succeed- 
ing studies by using more leads (Dreyfus- 
Bnsac, Samson, Blanc, and Monod, 1958, 
Elhngson, 1964a, Gibbs and Gibbs, 1950, 
Novikova, 1961, see also reviews of Dreyfus- 
Bnsac, 1966, and Elhngson, 1967b), and, at 
times, by automatic fiequency analyzeis (Bar- 
toshuk, 1964, Corbin and Bickfoid, 1955, 
Fujimori, Yokota, Ishibashi, and Takei, 1958, 
Gibbs and Knott, 1949, Waltei, 1963) 
Judged only by the occipital area, the EEG 
would be said to appioximate adult levels of 
symmetry by about 1 year, frequency by 10 
years, reactivity to stimulation by 12 years, 
and amplitude by mid-adolescence, although 
individual differences are admittedly great 
When all regions are explored simulta- 
neously, however, a different developmental 
picture emerges Even at 4 years a minor 
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amount of temporal asymmetry is withm nor- 
mal limits More slow activity of high voltage 
is still manifest m the parietal, frontal, and 
temporal areas at 10 years than is typical of 
adults Voltages wax and then wane more 
gradually m the delta and theta bands, partic- 
ularly the latter, and especially m the temporal 
lobes Regularity, regional differentiation, and 
stability continue to increase through ado- 
lescence For the most part, beta frequencies 
come to replace the theta activity piedom- 
mant m the frontal and temporal areas during 
adolescence However, m late adolescence 
the EEG often still contains a little more 
temporal theta and is a little less regular m 
pattern and more susceptible to activation 
than m adulthood Continued gradual matura- 
tion into the mid-twenties is more common m 
males than females 

In automatic frequency analysis, the com- 
ponent voltage at each integral and half in- 
tegral (cycle per second and half cycle per 
second) is measured and giaphed The in- 
tegrated voltage from one or more regions 
or pairs of homologous regions may be as- 
sessed individually or pooled Because an- 
alyzers cannot tell fact from fiction, artifact- 
free sections of record should be used The 
operator is also the one who must separate 
sleeping, drowsy, and waking segments, but 
not all have done so This may be one reason 
why a higher incidence of slow frequencies 
among infants and children is found with 
automatic than with manual analysis On the 
other hand, the analyzer detects frequencies 
that are hidden from the eye by the masking 
of some smaller components by laiger ones, 
so the underlying spectrum is more faithfully 
reproduced 

Although relatively few automatic analyses 
have been done on a normative developmental 
basis, the results are consistent The range of 
frequencies observed is like that from manual 
measurement, and the overall trend is similar 
To quote Gibbs and Knott (1949), whose 
pioneer work was based on summated activity 
from the left frontal, parietal, occipital, and 
temporal areas “With each successive yeai 
the peaks of component voltage move furthe] 
out toward the high-frequency end of th<* 
spectrum Up to the end of the first year this 
acceleration only extends the shoulder of the 
low-frequency peak out to nine cycles” A 
<r hump” appears on the shoulder of the low- 


frequency peak m the 9 cps range at 2 years 
This hump increases m size and complexity 
until 6, when the balance of component 
voltage swings to the fastei side Then a 
single, strong peak emerges and increases m 
voltage to 11 yeais At the same time voltage 
m the very slow bands is declining and that 
m the fast ones rising Analysis of voltages 
from the right and left parieto-occipital area 
yielded comparable results (Corbm and Bick- 
ford, 1955) 

As has already been indicated, the pattern 
of predominant frequencies looks somewhat 
different at the lower end of the age con- 
tinuum in automatic than manual analyses 
Instead of a predominance of the theta band 
with lesser amounts of delta activity, the con- 
centration of voltage m very slow frequencies 
is as high or even higher at 2 years 

Bartoshuk (1964) found reliably less slow 
activity and more fast activity m the waking 
than sleeping records from both the frontal- 
precentral and parietal-occipital areas of new- 
born infants Both waking and sleeping sam- 
ples showed more slow activity (1 4-6 0 cps) 
m the frontal-percentral region and moie beta 
activity m the parietal-occipital 

Ontogeny of Sleep Patterns in the EEG 

Except for Smith’s (1938) “Preliminary 
Obseivations on the Pattern Sequence dunng 
Sleep” m infants and young children, the 
development of the electroencephalographic 
concomitants of the sleep-waking cycle re- 
ceived no systematic attention until almost 
20 years after Bergers (1929) ongmal paper 
on the EEG Within the next decade, how- 
ever, correlative studies of several sorts had 
coalesced to make research on sleep active, 
exciting, and productive 

Impetus for clinical studies of sleep, which 
proved to be the most valuable activator of 
abnormalities m children’s EEGs (Fois, 1961, 
Paine and Opp6, 1966), came primarily from 
Gibbs and Gibbs’ (1947, 1950) reports on 
the diagnostic value of sleep recoi dings Con- 
currently, the normative data basic to clinical 
evaluation began to accumulate The resur- 
gence of interest m infancy that had become 
apparent by the early 1950s (Dreyfus-Bnsac 
and Blanc, 1956, Dreyfus-Bnsac and Monod, 
1956; Kellaway, 1952, Kellaway and Fox, 
1952; Schaper, 1953a, 1953b, Schroeder and 
Heckel, 1952) was signaled first by new data 
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on full-term newborns while asleep, drowsy, 
and awake (Hughes, Eheman, and Brown, 
1948, Hughes, Eheman, and Hill, 1949) and 
then by observations on premature infants 
under similar conditions (Hughes, Davis, and 
Brennan, 1951) Detailed analyses that still 
constitute the standard reference on normal 
sleep patterns from birth through 60 years 
were included m Volume I of the Gibbs’ 
Atlas of Electroencephalography (1950) Al- 
though their teims for sleep stages are not 
consistently used by all investigators (see 
discussion m Lmdsley, 1960), and later le- 
search, particularly with premature infants, 
has somewhat modified their conclusions, de- 
lineation of the notable features of the Gibbs’ 
sequence will provide an overview of age 
changes and make fitting more recent data on 
young subjects into their niches easier 
According to the Gibbs, seven stages of 
sleep can be discriminated m the adult EEG 
drowsiness, very light sleep, light sleep, mod- 
erately deep sleep, deep sleep, early morning 
sleep, and arousal The patterns are topo- 
graphically more differentiated than those of 
the waking lecord and more complex m then 
development, yet individual differences at 
any given age are less marked Across the 
age span entry into and arousal from sleep 
show the gieatest changes In infants undei 
1 month, the Gibbs could distinguish mainly 
light and deep sleep Subsequent workeis 
agree that it is difficult to disci lminate phases 
of sleep or sleep from waking However, they 
have demonstrated an incipient differentiation 
of sleep from wakefulness during the seventh 
fetal month m the foim of a slight increase 
m the amplitude of slow waves This shift 
becomes more pronounced at 8 months, when 
supenmposed low-voltage fast activity is com- 
mon Beginning m the second month steady, 
high amplitude waves are seen m drowsiness, 
their fiequency increasing from 2-4/sec, to 
4-6/sec by 1 year This activity has since 
been called “hypnagogic” (Kellaway and Fox, 
1952) and “oscitant” (Elhngson, 1967b) 
During the second yeai the incidence of these 
waves begins to decline, and they appear m 
bursts rather than runs At the same time 
fast activity (20-30/sec ), fiist piesent m the 
second half of the fiist year, increases m 
amount Paroxysmal slowing remains common 
through 14 years, but fast activity decreases 
rapidly after 2 and is gone by 10, when the 


adult pattern of flattening with some slowing 
becomes typical 

The biparietal humps characteristic of very 
light sleep throughout the rest of the life span 
begm to appear m the last half of the first 
year and reach adult incidence m the second 
By about 3 months the spindles of light 
sleep, present even m the first 2 months, also 
are as prominent as at later ages, although 
they are not as well formed until 3 years 

Whereas the Gibbs characterized deep 
sleep as a state m which almost all activity 
is very slow (0 5-2 0/sec ) with a little super- 
imposed fast activity, others have since found 
a recurrent pattern m this stage, the trace 
alternant (see reviews m Dreyfus-Busac, 
1966, Elhngson, 1967b) Bursts of irregular 
slow activity mixed with somewhat rhythmic 
4-6/sec waves with superimposed faster low- 
voltage activity alternate with periods of com- 
parative electrical silence This pattern is first 
seen during the last month of gestation 

Before 2 months it is difficult to differen- 
tiate any specific signs associated with spon- 
taneous arousal from sleep (as distinguished 
from applied stimulation) Then continuous 
high amplitude slow waves are present m 
about half the subjects The incidence of this 
pattern increases during the fiist year, remains 
constant through 6 years, and then declines 
to disappear by 20 While it is present, fre- 
quency increases and amplitude decreases 
somewhat with age Normal adults never 
show this type of slowing, but return quickly 
to the waking pattern An intermediate phase 
of paroxysmal slow activity on arousal, max- 
imally piesent at 10-14 years but occasionally 
seen as early as 3 yeais, is found in a small 
proportion of adults 

The discovery of a new phase of sleep 
during the mid-1950s considerably altered the 
subsequent course of developmental work on 
sleep stages Observations on young infants 
' revealed alternations between quiet sleep and 
periods of body and eye movements (Asenn- 
sky and Kleitman, 1955), and recurrent 
phases were found dunng deep sleep m 
adults m which a desynchronized EEG, much 
like that of the aroused, alert state, and ac- 
companied by rapid eye movements (REM) 
replaced slow waves ( Asennsky and Kleitman, 
1953, 1955, Dement and Kleitman, 1957) 
Both developmental and comparative studies 
with lower animals indicated that the REM 
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state was a primitive form of sleep (Jouvet, 
1961, 1963, see review of Snyder, 1965, for 
references on a wide variety of species) 
Meanwhile neurophysiologists had been ex- 
ploring the role of the reticular system m sleep 
and waking (Lmdsley, Schiemer, Knowles, 
and Magoun, 1950, Magoun, 1954, Moruzzi 
and Magoun, 1949), and a hierarchy of retic- 
ular centeis foi aiousal, REM, and quiet sleep 
were outlined (Moiuzzi, 1964) An impor- 
tant supplement to the electiophysiological 
researches on sleep was provided by investiga- 
tors concerned with activity cycles, psycho- 
physiological state, and control of the condi- 
tions under which stimulation is administered 
They used observational and polygraphic 
measures of lespiration, heart late, body and 
eye movements to scale the sleep-waking con- 
tinuum (see reviews m Ciowell, 1967, and 
Stemschneider, 1967) To refine the defini- 
tions of phases of the sleep-waking cycle or 
to have independent measures, EEG and 
polygraph recording and observation were 
combined (Delange, Castan, Cadilhac, and 
Passouant, 1962, Goldie and Van Velzei, 

1965, Parmelee, Wenner, Akiyama, Stern, and 
Flescher, 1967, Parmelee, Wenner, Akiyama, 
Schultz, and Stern, 1967, Petie-Quadens, 

1966, 1967, Roffwarg, Dement, and Fisher, 
1964, Roffwarg, Muzio, and Dement, 1966, 
see also reviews m Dreyfus-Bnsac, 1964, and 
Elkngson, 1967b) 

As work using several techniques of as- 
sessing waking and sleeping states piogressed, 
it was demonstrated that REM sleep is chai- 
actenzed not only by fast, low-voltage, de- 
synchronized EEG activity and rapid eye 
movements, but also by irregulai heart rate 
and respiration, and a lack of both neck 
muscle tonus and phasic movements of the 
face and limbs The trac6 alternant is present 
during quiet sleep, respiration and heait rate 
are regular and slower, and, while tonus re- 
turns m the anterior neck muscles, other 
muscles are relaxed and few body movements 
occur These two stages of sleep can be dis- 
tinguished as early as the seventh fetal month, 
but the distinction is difficult With increasing 
age, both the EEG and other patterns become 
clearer (Parmelee, Wenner, Akiyama, Stern, 
and Flescher, 1964) For example, muscle 
potentials are present during REM sleep in 
the 7-month fetus, whereas by term EMG 


(electromyograph) activity usually disappears 
m active sleep (Petre-Quadens, 1967) 

The propoition of active sleep declines 
steadily from the seventh fetal month through 
3 months post-term, while qmet sleep in- 
creases more gradually, the remainder of the 
time is accounted for either by tiansitional 
sleep or less time spent m sleep ( Parmelee, 
Wenner, Akiyama, Schultz, and Stem, 1967, 
Petre-Quadens, 1967) However, computei 
coding of EEG and polygiaph records reveals 
some increase m active sleep through the 
eighth fetal month, more transitional sleep, 
and a greater and moie regular decline m 
the latter than m active sleep The absolute 
and relative amount of REM sleep decreases 
throughout the life span (Roffwarg, Dement, 
and Fisher, 1964, Roffwarg, Muzio, and 
Dement, 1966) In contiast, the time spent 
m quiet sleep increases a little dui mg the 
first 2 years and does not begin to decline 
to any extent until 10-13 years 

The progressive differentiation of sleep 
phases has been mterpieted as a leflection of 
the maturation of the functional divisions of 
the reticular formation (Pai melee et al , 
1964) The pontine reticulai substance is the 
primary center for active sleep, the medullai 
for quiet sleep, and the mesencephalic poi- 
tion for arousal (Moruzzi, 1964) A progres- 
sive shift fiom pumanly pontine to medullar 
conti ol with age is suggested by the decreas- 
ing predominance of active sleep and the 
increase m quiet sleep, while matuiation 
within both regions is indicated by the fact 
that each phase becomes better defined Im- 
provement m the capacity to sustain wake- 
fulness, a trend very noticeable even between 
term and the third postnatal month, suggests 
increasing activity not only m the mesence- 
phalic segment but also at higher levels and 
greater interaction within the central nervous 
system 

Ontogeny of Evoked Responses 

Although the waking and sleeping patterns 
thus far described must be influenced m some 
measure by a conglomeiate of external as well 
as internal stimuli, they are referred to as 
spontaneous rhythms Evoked responses are 
potential changes induced by discrete sensory 
stimuli, usually deliberately applied They are 
superimposed on background activity, com- 
plex in wave form, and time-locked to stimu- 
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lation, responses occurring at both the onset 
and termination of the stimulus As yet “ off” 
responses have received less systematic atten- 
tion than “on” responses, especialy in develop- 
mental studies Because ongoing activity often 
masks evoked potentials, they may not be 
detected without the aid of some kind of 
summating or averaging device Electronic 
techniques m which variations m voltage 
over a period subsequent to stimulation are 
repeatedly stored, algebraically summed, and 
then averaged are now widely used Biam 
waves that are not associated with the timing 
of the stimuli should be randomly distributed 
among positive and negative values and thus 
will cancel each other out to yield a sum of 
zeio On the other hand, responses that are 
temporally related to stimulation will be leg- 
ularly positive or negative at given points m 
the succeeding time mteival Statistical as 
well as experimental controls are essential m 
work with evoked potentials These and other 
aspects of methodology have recently been 
reviewed (Elhngson, 1967a, 1967b), and 
several current summaries of the develop- 
mental literature on evoked potentials are also 
available (Elhngson, 1964b, 1967b, Goldring, 
Sugaya, and O’Leary, 1964) 

Some evoked responses, or segments of 
them, are nonspecific m that they are elicited 
by stimuli of more than one modality, for 
example, both audition and vision There has 
been controversy about the existence of truly 
specific responses for a particular sensory 
modality Whether or not the components of 
the induced wave forms are different for dif- 
ferent senses is still unsettled, but there is 
good evidence for specificity of cerebral re- 
gion for both visual and somatosensory stim- 
uli To date, specific auditory responses have 
not been demonstrated in the human being, 
probably because the primary projection areas 
are so deep that surface electrodes are inade- 
quate for detecting them In addition to being 
utilized m research on the cortical projection 
of sensory mputs, evoked responses have been 
useful m studying interaction between neural 
systems, the influence of stimulation on states 
of consciousness, and other aspects of neuro- 
physiological function They also offer another 
means of assessing the physiological develop 
ment of the nervous system. 

Nonspecific responses do not appear until 
about the last month of gestation At this time 


auditory stimuli may flatten ongoing activity, 
intensify and then flatten sleep potentials, or 
produce topogiaphically diffuse bursts irregu- 
lar m wave form (Dreyfus-Bnsac and Blanc, 
1956, Elhngson, 1958, 1960, Engel, 1961) 
After the thud postnatal month eithei somes- 
thetic or auditory stimuli will increase the 
amplitude of sleep waves or evoke sharp, 
slow potentials of negative polarity During 
deep sleep the latter may be followed by a 
series of potential changes called the K-com- 
plex, a typical response to auditory stimulation 
during sleep m the adult By the end of the 
first year, several other responses to auditory 
stimuli are observed diphasic high-amplitude 
potentials over the vertex, slow waves of 
moderate amplitude m frontal leads, and high- 
voltage slow waves over the occiput (Drey- 
fus-Bnsac and Blanc, 1956, Elhngson, 1958, 
1964a) 

Because hearing cannot be tested in infants 
and young childien by conventional audiom- 
etry, electroencephalographic reactions to au- 
ditory stimuli have also been the subject 
of considerable clinically motivated research 
(Appleby, 1965, Barnet and Lodge, 1966, 
1967a, 1967b, Derbyshire, Fraser, McKermott, 
and Bridge, 1956, Ortiz-Estrada, Deutsch, 
and Hemandes-Orozco, 1963, Rapm, 1964, 
Wedenberg, 1956, Weitzman, Fishbem, and 
Graziam, 1965, Williams and Graham, 1963) 
Otherwise, developmental work has been con- 
centrated on specific responses to visual 
stimuli, and nonspecific responses m general 
as well as specific responses to somesthetic 
stimuli have been neglected. This fact is 
somewhat surprising m view of anatomical 
data showing that the somesthetic area is 
better developed at birth than other sensory 
areas (Conel, 1939) and at least one report 
indicates that in newborn infants nonspecific 
responses are most likely to occur to somes- 
thetic stimuli At birth auditory stimulation 
is only model ately effective, and nonspecific 
visual responses are relatively rare, although 
specific ones are present long before term 

If even brief flashes are presented, specific 
visual responses can be detected m the occip- 
ital area When these responses first appear 
is not known, but they have been observed 
m the youngest premature infants thus far 
tested, one of 24 weeks (Engel, 1964) and 
another of 28 weeks (Elhngson, 1960) In 
adults the specific visual response is polypha- 
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sic, consisting of both positive and negative 
components, but as fhst seen m the fetus (pre- 
mature infant) it is a monophasic negative 
wave An initial positive wave is added some- 
time during the last 2 fetal months “All nor- 
mal full-term human newborns display visual 
evoked responses” m electronically averaged 
recordings, and 98% show at least the di- 
phasic pattern (Elkngson, 1967b, p 83) A 
double positive phase or a positive-negative- 
positive pattern is seen m most (Elhngson, 
1967b, Fernss, Davis, Dorsen, and Hackett, 
1967) One of the most outstanding features 
of the neonatal response is its “fatigability” 
(Elhngson, 1960) Perhaps this term is mis- 
leading m its implications, but it reflects well 
an observers subjective feeling when he at- 
tempts to elicit responses m close succession 
(Eichom, 1951) Unless appioximately 1 sec- 
ond intervenes between stimuli, a response 
to the second stimulus is unlikely Longer 
mteivals are required for prematuie infants 

With increasing age the variability of the 
specific visual response m both amplitude and 
wave form decreases (Elhngson, 1960), and 
successive responses (“following” or “driv- 
ing”) can be ehcited at piogressively closer 
intervals (Eichorn, 1951, Elhngson, 1967b) 
Other changes include the appeal ance of addi- 
tional negative waves — one before the two 
positive waves and several “late” ones that 
extend the temporal course of the lesponse 
beyond 250 msec — and alterations m regional 
distribution, latency, and voltage (Elhngson, 
1960, 1966, Engel, 1964, 1965, Engel and 
Butler, 1963, Fernss et al , 1967, Hrbek and 
Mares, 1964) 

Until about 3 months all components of 
the visual evoked response are confined to the 
occipital region After that age the later com- 
ponents can be detected as far forward as 
the central area, so these negative waves may 
be considered a nonspecific response The 
average time elapsing between presentation 
of a stimulus and the greatest amplitude of 
the major positive wave is about 220 msec 


6 weeks befoie term Latency decreases rap- 
idly and almost linearly to about 190 msec 
at full-term The decrement is still rapid but 
decelerating through the third month, when 
the mean is about 100 msec Thereafter a 
giadual dechne continues to 14-18 weeks, 
when the adult latency of 80-90 msec is 
appioximated The data just cited are Elhng- 
son s (1960, 1964a, 1966), those of other 
investigators diffei somewhat m absolute 
means and m postnatal trends (Engel, 1961, 
Engel and Butler, 1963), including a possible 
decrease m latency through 4 to 8 years At 
birth voltages (amplitudes) may be as high 
as m older childien and then decrease briefly 
(Elhngson, 1964a) Fiom 1 month to 7 oi 8 
years, however, the amplitude of all com- 
ponents increases maikedly (Dustman and 
Beck, 1966) The subsequent decline m volt- 
age is temporanly leversed around age 13 
to 14 and then lesumes until amplitudes like 
those of young adults are leached at 17 to 19 
yeais (Dustman and Beck, 1966) 

Overview 

Many lntnguing parallels can be drawn 
between the development of spontaneous and 
evoked potentials, the anatomical and bio- 
chemical maturation of the brain, and 
behavioral development (Eichom, 1963; Ei- 
chorn and Jones, 1958, Goldrmg, Sugaya, and 
O’Leaiy, 1964, Purpuia, 1961a, 1961b, 
Scheibel and Scheibel, 1964) With a few ex- 
ceptions (Purpura, 1961a, 1961b, Scheibel 
and Scheibel, 1959, 1961, 1962), however, 
these remain m the realm of speculation 
One message does seem clear from all types 
of physiological data the perinatal penod is 
one of rapid, complex, and often temporary 
changes m most functions, and prediction to 
subsequent status is usually poor Piobably 
the developmental psychologist is expecting 
too much when he searches for significant 
associations between behavior at this time 
and at later stages 
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5. Human Infancy: A Bibliography And Guide 
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As men and as psychologists, we have long 
been concerned with beginnings Tiedemann, 
whose woids opened the modern study of 
children (“ it is by expenence and exer- 
cise that we learn to be served by our senses 
and to perceive correctly, observations made 
on men found m the wild have shown 
that the faculties of mind develop bit by bit 
and one after the other"), laid out many of 
the problems that direct the woik of men who 
nowadays study human infants What does 
the newborn infant bung, m body and be- 
havior, to his first encounters with the world? 
How do “experience and exercise" modify the 
infant's behavior? To what degree does the 
baby's latei behavior emerge from an innate 
potential? When we observe the young child, 
how much do we see the species — the child 
as representative of Man — and how much do 
we see a person, individual and perhaps 
unique? How does the world of the adult, 
physical and social, come to be represented 
in the mind of the child? How well can we 
predict the future course of a person's life 
from our knowledge of his infancy? Finally, 
the most durable of questions, what methods 
can we validly use to understand the infant, 
what are the windows on the baby's mind? 
To be sure, the lhetonc of the psychology of 
infancy has changed often but the organizing 
themes of study have remained remarkably 
stable What is the initial state of the new- 
born's behavioral system? What events and 
processes determine the transformation of the 
initial state? 

Certainly, the study of the infant cannot be 
confined to beginnings We see the baby, in 
the first 18 months of life, undergoing con- 
tinuous and rapid change Whether one sees 


the newborn child as neurologically insuf- 
ficient (Flechsig, 1920), cognitively con- 
fused (James, 1890), narcissistic (Freud, 
1905), solipsistic (Piaget, 1927), or merely 
ugly (Hall, 1891), the distance between the 
new child and the walking, talking, socially 
discriminating, and perceptive person whom 
we see haidly 500 days later is awesome Hall, 
for all of his interest in observing development, 
found distasteful the baby who arrives with 
its “monotonous and dismal cry, with its red, 
shriveled, parboiled skm, squinting, cross- 
eyed, pot bellied, and bow legged " (Hall, 
1891) James, more sensitive to the psycho- 
logical issues, speaks of “the baby, assailed by 
eyes, ears, nose, skm, and entrails at once, 
[who] feels that all is one gieat blooming, 
buzzing confusion " (James, 1890, p 
488) Compaie the description of a somewhat 
advanced 18-month-old 

this little girl could walk up and down 
stairs without climbing but in an almost adult 
manner, and could be trusted on the stairs 
alone She could climb up to stand on a chair, 

1 Many zealous searchers worked to construct the 
bibliographic basis of the present chap ter— am ong 
them, John Dow, Anne-Marie Leutzendorff, Mar- 
ion Kessen, Robert Milstem, and Linda More Lyn 
Wickelgren's review of the literature on vision 
was essential All the many versions of the chap- 
ter were typed by Jayne Rightmer and checked 
by Keith Nelson Grants to Professor William 
Kessen from the United States Public Health 
Service (HD-0890) and the Carnegie Corporation 
of New York and to Professor Marshall M Haith 
from the United States Public Health Service 
(HD-2680) supported the research represented 
here, 
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could seat herself at table, could jump off a 
step, kick a ball She helped to dress 

herself, takmg off some of her garments un- 
aided, including shoes and socks She put 
away toys, with encouragement, and could 
be trusted with breakables she was talking 
freely and clearly in short sentences She 
named ten pictures and gave her first 
name but not her second name she scrib- 
bled freely with a pencil, made strokes and 
attempted the circle (Griffiths, 1954, 

P 97) 

Unhappily, we know far less of the middle 
and end of this period of startling change 
than we know of its beginning The majority 
of studies of the human infant — if we take 
the upper bound of infancy to be that time 
m the middle of the second year when vo- 
cabulary explodes (Lenneberg, 1967) — is 
directed to an understanding of the first days 
and weeks of life Technical knowledge of 
newborn behavior, although insufficient to aui 
wish, greatly exceeds our knowledge of the 
2-, 6-, 12-, and 15-month-old child For rea- 
sons rooted as much m the easy accessibility 
of newborn children as in theoretical demand, 
the bibliogiaphy of studies on infancy is 
largely a bibliography on the study of the 
newborn infant 

Even so, the growth of research on infants 
over the past 60 years has been prodigious 
Baldwins (1901) listing had only a handful 
of papeis on infancy despite his desire to 
reach back in time and across national bound- 
aries As late as 1933, Hurlock, m describing 
"experimental studies of the newborn,” cited 
76 references Pratt (1954), in his chapter foi 
the second edition of Carmichael's Manual , 
surveyed about 500 studies of the veiy young 
child The bibliogiaphy of the present chaptei 
lists upward of 2000 titles Clearly, the liter- 
ature of infancy is beyond summary m detail 
Rather, the pages that follow represent an 
attempt to disentangle and differentiate the 
problems, methods, prejudices, and theories 
that have determined the course of research 
on the young infant m the twentieth century 
The program of the chapter, then, contains 
the following elements (1) a brief treatment 
of theoretically general issues, (2) a sketch of 
methods used m the study of the young child, 
(3) an illustrative guide to the several differ- 
ent ways in which investigators have at- 


tempted to understand the infant, (4) a more 
narrowly defined treatment of three aspects of 
the infants behavior that are of particular 
interest to us, and (5) a bibliography of early 
infancy comprehensive enough to carry the 
student as far as he wants to go in the re- 
search literature 

SEVERAL GENERAL THEORETICAL 
ISSUES 

It has become a platitude to say that selec- 
tion of problem for study, method of data 
collection and analysis, theoretical expecta- 
tions, and even the researchers friends are 
determined by the same variables Similarly, 
somewhat loosely defined schools of the psy- 
chology of infancy exist, and the empmcal 
literature can be organized to emphasize the 
distinctions that exist among various concep- 
tions of the child In our search for expository 
clarity, we have separated somewhat discus- 
sions of theory, method, and findings, but the 
divisions are at best aitificial The psychology 
of infancy does not repiesent a full matrix in 
which each available method has been ap- 
plied to each available observational oppor- 
tunity and the outcome evaluated in the light 
of each theory To be suie, some attempts 
have been made to state encompassing po- 
sitions (e g , Preyer, 1880, 1882, Stern, 1914, 
Koffka, 1924, Gesell, 1928, Watson, 1928, 
Freud, 1940, Piaget, 1946) but, by and laige, 
the study of infancy is a loose confederation 
of ideas about babies and about psychology 
All theories of the infant have had something 
to say about environment and behavior but 
even conceptions as fundamental as stimulus 
and response do not have commonly shared 
definitions Moreover, students of infancy have 
given vastly more attention to definition of 
the lesponse — measures of the infant — than 
they have to definition of the stimulus — the 
nature of the environment 

The Nature of the Environment 

Whatevei their reseaich concern, all psy- 
chologists must attend to the issue commonly 
known as the definition of the stimulus The 
clarification of this problem may be more 
troublesome for students of the very young 
child than for their colleagues who observe 
adult forms, The infant is, m fundamental 
ways, incomplete and the use of adult cat- 
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egones of the environment to define the stim- 
ulus field of the child can be misleading 
(consider, for example, the problem of coloi 
perception discussed by Pratt, 1954) More- 
over, limitations m the behavioral repertoire 
of infants — for example, the absence of lan- 
guage — make difficult the establishment of 
the converging operations that permit us to 
make confident definition of the environment 
of adults 

Wolf (1957) proposed that in trying to 
make sense of the infant's environment, useful 
rough distinctions could be made among 
stimulation, reality , and world Stimulation 
represents the organization of the environ- 
ment into the abstract, precise, and often 
quantified dimensions of physics and sensory 
physiology The study of auditory threshhold 
in which caieful control is maintained over 
the stimulus and the definition of visual 
stimuli m terms like lummence and wave 
length are cases m point A laige and increas- 
ing number of studies of infants attempt a 
definition of the infant's environment as 
stimulation Reality encompasses the world of 
common objects The environment is defined 
m the categories that most adults, whether 
psychologists or not, find comfortable The 
infant is presented with a ball, a dangling 
ring, , a doll , or a staircase Clearly, such a 
definition of the envnonment blends out of 
stimulation and shares with physically defined 
stimuli the characteristic of remarkably high 
agreement among adults m the circumstances 
of appropriate application of the terms But 
the environment defined by the usual adult is 
not the environment of the physicist-physiol- 
ogist and, more consequentially, it need not be 
the environment of the infant In wnting of 
the infant's world , Wolf noted that the child 
must be considered to have his own theory of 
the environment and that we may make gross- 
ly unjustified inferences about the child's 
world if we speak of presenting him with a 
mothers face, a musical phrase, or a compli- 
cated figure A future psychology of infancy 
will permit us to make statements about the 
child's ordenng of his experience with more 
assurance than is now possible, and, m the 
meantime, empmcal studies of the infant 
should be read with an eye on their definition 
of the envnonment Kagan has pointed out 
the dangers of giving normal adult modes of 
thought a favored position in our attempts 


to comprehend the mind of the child 

It is threatening to abandon the security 
of the doctrine of absolutism of the stimulus 
event Such a reorientation demands new 
measurement procedures, novel strategies of 
inquiry, and a greater tolerance for ambiguity 
(1967, p 141) 

The difficulties of defining the environment 
of the infant will appear several times in the 
present chapter, in particular, the discussion 
of vision illustrates the vagaries of the issue 

Measures of the Infant 

The definition of the response is hardly a 
less complicated issue than the definition of 
the stimulus, but the literature of infancy ap- 
pears to show more regularity in the use of 
behavioral categories than it does m the 
definition of the environment The imbalance 
partly reflects a recognition that precision in 
psychological analysis and comparison among 
different studies rest on the reliability of ob- 
servations and partly reflects the fascmation 
with method and measure that characterizes 
academic psychology The recent history of 
infancy studies may, with only mild unkmd- 
ness, be seen as largely representing an in- 
crease in the precision with which we measure 
the behavior that used to be measured less 
precisely, As will be seen m a later discus- 
sion of the several views of infants, there is 
substantial variation in the procedures and 
metrics of behavioral analysis, nonetheless, 
a brief listing of commonly used categories of 
measures of the infant may put the research 
literature into preliminary organization 

First, some old home truths Measures of 
the infant serve several, sometimes mixed, 
functions, chief among them the establish- 
ment of developmental norms, the assessment 
of individual variation, and the diagnosis of 
process or structure (i e , the measure of the 
interaction between infant and environment) 
Thus heart rate may be seen as a measure 
of cardiac function that changes systemat- 
ically over the first months of life, or as an 
indicator of stable differences fiom one infant 
to another, or as a measure of sensory sensi- 
tivity and attention m the infant Although 
the several functions of measure are by no 
means incompatible and a rare study will 
give them all proper due, there is usually a 
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clear emphasis m particular studies on one 
function oi another 

Physical Growth After birth, infants con- 
tinue the growth lates characteristic of the 
fetal penod and then, near the end of in- 
fancy, enter the penod of stable lmeai growth 
that will be chaiactenstic until the spurt of 
adolescence In the first 2 yeais, children 
go from about 20 inches m length (30% of 
AS [adult status]) to about 34 inches (50% 
of AS), and from a brain weight of H pound 
(25% of AS) to a brain weight of almost 2 l / 2 
pounds (75% of AS) Students of physical 
growth, struck by the regularity and possibil- 
ity of quantification of physical growth m 
children, have devoted great energy to the 
study of anatomical change m the first years 
of life Sophisticated proceduies have been 
used to assess height, weight, relation of limb 
size, variations m patterns of tissue growth, 
ossification, among others (see, eg, the dis- 
cussion of growth in Falkner, 1966) The de- 
velopment of the brain has been of particular 
interest to students of growth (especially 
Conel, passim) The rate of growth m brain 
size is at a maximum neai birth, and by 
age 6 children have achieved almost all of 
their adult bram size No other anatomical 
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Fig, 1 The beginning and end of myelimzation- 
ghosis in neural development The process is at 
its maximum during the times shown by 
broadened lines (I) Auditory nerve, (2) inter- 
nal capsule, (3) pyramidal tract (mid-ohvary 
level), (4) pyramidal tract (crus cerebri), (5) 
optic tract; (6) cerebellar subcortical central, 
(7) cerebellar subcortical peripheral, (8) cere- 
bral subcortical central, (9) striae of striatum, 
(10) corpus callosum, (11) cerebral subcortical, 
occipital, (12) cerebral subcortical frontal, 
(From Dodgson, 1962, p 207 ) 


system changes so quickly Much of the change 
in brain weight can be ascribed to postnatal 
myelmization and gliosis Although myelmiza- 
tion of all cranial nerves save the optic and 
olfactory is complete at birth, only a relatively 
small proportion of cerebral neurons (pri- 
marily m the afferent projection systems) has 
been myelinated Moreover, changes m the 
nervous system are rapid enough to make the 
bram of the 2-year-old child hardly discnm- 
mable in histological characteristics from the 
adult bram (Dekaban, 1959, Gruner, 1962, 
Kennedy, 1961), Figure 1 records the 
changes that take place m myelmization and 
gliosis during the first 2 years of life 

Normative Measures A large number of 
normative measurements have been made of 
physical growth m the fetal, newborn, and 
young infant (see, eg, Bayley and Davis, 
1935, Thomson, 1956) Mermmod (1962) 
and Falkner (1966) present fairly compre- 
hensive leviews of work on external measure- 
ments, bone age, water, fat, and protein com- 
position of the body, as well as currently 
available data on variation m early physical 
growth that can be assigned to vanations m 
nutrition, vanations in social envuonment, and 
sex differences A persistent and striking find- 
ing is the individual regularity of certain as- 
pects of physical growth Although the several 
measures of physical status m newborn babies 
are not highly mtercorrelated (Bakwm and 
Bakwrn, 1934, Carter and Krause, 1936) and 
no measuie of newborn status correlates 
highly with terminal size, within a few weeks 
length at least has become a reliable indicator 
of adult stature Bayley (1946) found corre- 
lations above 50 between length at 3 months 
and height at 18 years m her California sam- 
ple and her data are congruent with British 
data (Mermmod, 1962) m finding that the 
height of the 2-year-old child (who is almost 
exactly half his adult height) correlates at 
about 70 with his ultimate height Regularity 
of this sort is not characteristic of any other 
physical growth measures, and it is, of course, 
not even approached by any measure of 
infantile behavior 

Effects of Nutrition , It has been known foi 
some time that improved nutrition will in- 
crease rates of growth (eg, Greulich, 1957) 
and may be critical to understanding the 
striking changes m the physical dimensions of 
human bemgs through the ages (Tanner, 
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1962) Coiiespondmgly, undei nounshed 
babies (eg, those boin dui mg wartime) aie 
small and giow slowly (Dean, 1951) Re- 
cently, chiefly through large-scale investiga- 
tions by agencies such as the Centre Inter - 
nationals de VEnfance , systematic studies 
have been made of the effects of geneialized 
malnutrition, lecovery from malnutution, and 
the effects of malnutrition on intellectual as 
well as physical giowth Work with Afncan 
childien suffeung fiom kwashiorkoi (Dean, 
1960) suggests that infants show sharp gams 
m weight and height when given calorically 
sufficient supplementary diets but that then 
physical measuiements never come up to 
standard Dean (1962) even suggests that 
theie may be a falling awav fiom expected 
development aftei age 4 even though the 
childien continue an adequate diet 

Effects of malnutrition on cognitive growth 
cannot be readily documented Laige-scale 
studies of malnourished Afncan children are 
only now undei weigh, but the woik of 
Cravioto (1969) m Latin Amenca has sug- 
gested that prolonged malnutution decreases 
intellectual competence in the school-age 
^child Available evidence does not suggest, 
however, that short-term and moderate mal- 
nutrition — again, m wartime babies — has sig- 
nificant effects on intellectual development 
The effects of social environment on growth 
aie haid to dissect fiom genetic variation 
However, studies by Graffar (1962) and 
Acheson (1959), among otheis, indicate that 
the children of the higher social classes are 
taller and heaviei than working-class childien 
by the second or third yeai of life 
Racial Variation , Studies of lacial diffei- 
ence are almost hopelessly confounded with 
issues of nutntion, early environment, and 
cultural vanation Earlier studies of indigent 
blacks (eg, Bakwin and Patnck, 1944), 
showing that they weie smaller and lighter 
than whites, have been conected by studies 
of family children (eg, Scott, Cardoza, 
Smith, and DeLilly, 1950, Crump, Horton, 
Masuoka, and Ryan, 1957) that show insig- 
nificant diffeiences between blacks and whites 
on initial measures and early development On 
the othei hand, theie is some evidence (Falk- 
ner, Pernot-Roy, Habich, S6n6cal, and Masse, 
1958) that African blacks are advanced in 
skeletal maturation at birth Continuing stud- 
ies of the Centre Internationale de VEnfance 


(cited by Falknei, 1966) suggest that there 
may also be racial differences m lates of 
growth and patterns of giowth dm mg the 
fust four years of life 

Sex Differences Differences between boys 
and girls m physical giowth m the first yeais 
do not submit to easy generalization Genei- 
ally, boys are somewhat laiger m external 
measuies and show greater variability in de- 
velopment (eg, Bakwin and Bakwin, 1934, 
Garn and Rohmann, 1960) Boys show highei 
mortality (Childs, 1965) and a gi eater sus- 
ceptibility of then skeletal giowth to varia- 
tions m the environment (Acheson, 1966) 
The greatei vai lability and vulnerability of 
boys, even m the first years, has been le- 
marked by seveial authois (see Kagan and 
Kogan, Chapter 18 of this book) Douglas 
and Blomfield (1958), howevei, piesent evi- 
dence m support of a conti aiy conclusion 
They show, foi example, that girls in families 
of “nonmanual” workeis glow relatively fastei 
in the preschool years than their male peeis 
and that girls from lower-class families are 
moie likely to be admitted to the hospital 
Bayley (1954) has shown that, in spite of 
the demonstrated more stable skeletal matuia- 
tion of girls, terminal height can be much 
more leliably piedicted fiom boys* length m 
the fast yeais of life than can the terminal 
height of gills It may be, as Bayley has sug- 
gested, that growth is undei the control of 
different variables at diffeient ages and that 
these variations interact with sex Acheson 
(1962) has pointed to the piobable im- 
portant effect of timing of envuonmental 
vanation on giowth, particularly as the varia- 
tion may be mediated by hoimonai changes 

Physique and Behavior Studies of mterie- 
lations among measures of physical status and 
behavioi m young infants (eg, Ciowell, 
1962) have found little or no significant le- 
lation between anatomical and behavioral 
measures, a finding congiuent with recent 
careful work on the relation between physical 
measures and intelligence m oldei childien 
(eg, Len/ note m Merrmnod, 1962, p 
156f ) 

Physiological Measures At least since Can- 
esti infs (1913) ingenious use of cranial 
blood pulsation as an index of sensory func- 
tions m young infants, physiological measures 
have been used by students of infancy, Res- 
piration and heart late were often part of 
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early investigations, developmental studies of 
the electroencephalogram began to appeal 
shortly after the procedures had been de- 
veloped for adults (eg, Dreyfus-Bnsac, 
Flescher, and Plassart, 1962, Engel, 1963, 
Smith, 1958), evoked potentials both audi- 
tory (Barnet and Goodwin, 1965) and visual 
(Elhngson, 1960, Dustman and Beck, 1966) 
have been assessed m infants, and, at one 
time or another, the behavior of babies has 
been related to stomach contractions (Carl- 
son and Gmsburg, 1915), body temperature 
(Grossman and Gieenberg, 1957), skm coloi 
change (Simons, 1925), vasodilation in the 
skm (Richmond and Lustman, 1955), basal 
skm conductance (Weller and Bell, 1965), 
skm potential (Wenger and Irwin, 1936, 
Stechler, Bradfoid, and Levy, 1966), and elec- 
troretmography (Barnet, Lodge, and Arming- 
ton, 1965), among others The use of phys- 
iological measuies m the study of early 
development has been reviewed by Eichoin 
(1963, 1968) and by Stemschneidei (1967) 

The Uses of Heart Rate Apart fiom their 
intrinsic interest to students of physiological 
development (Phillips, Agate, Silverman, and 
Steiner, 1964, Shock, 1966, Lipton, Stein- 
schneidei, and Richmond, 1966), physiolog- 
ical measures have seived the study of de- 
velopmental change, of individual vanation, 
and of psychological piocess In lecent yeais, 
the analysis of caidiac lesponse — typically 
heart rate — and its i elation to stimulation, on 
one hand, and to other measures of the baby, 
on the other, has become the physiological 
measure of greatest interest to American in- 
vestigators Measures of cardiac activity can 
illustrate the remarkable lange of use of 
physiological indicators m the studv of in- 
fants, 

Bndgei and Reiser (1959) extended pio- 
cedures used with adults in a study of the 
cardiac response of 40 childien m the first 
week of life to air-stieam stimulation of the 
skm They found that the cardiac response 
to stimulation (acceleration of heart rate oi 
deceleiation) boie a strong i elation to pie- 
stimulus heart late, Moieovei, it was possible 
to plot, for each baby, a regiession line le- 
latmg initial level of heart rate and lesponse 
to stimulation Certain characteristics of these 
regression lines — particularly that value of 
initial heart rate at which the stimulus pro- 
duced neither acceleration noi deceleration — 


were lemarkably consistent m 15 babies who 
were tested on two different days The opera- 
tion of such a law of initial value m cardiac 
response to stimulation (a law that governs 
othei measures of infants, both physiological 
and behavioral) requires that studies which 
use caidiac acceleration or deceleration as 
indicants of underlying psychological piocess 
be mterpieted with caie Richmond and his 
colleagues have analyzed the parameters of 
cardiac lesponse m 16 newborn females m 
some detail (Lipton, Stemschneider, and 
Richmond, 1961, Richmond, Lipton, and 
Stemschneider, 1962, Stemschneider, Lipton, 
and Richmond, 1964) The usual finding of 
a negative relation between piestimulus mea- 
sures of the magnitude of the cardiac response 
and response to stimulation was obtained 
Moreovei, stable individual variation m slope 
of the legiession line i elating initial rate and 
response was demonstiated as well as individ- 
ual variation m the newborn’s capacity to 
letuin to piestimulus levels Four tempoial 
paiameters (eg, time to peak magnitude) 
were found to be geneially independent of 
prestimulus chaiactenstics and geneiallv sta- 
ble as a measure of individual vanation By 
and large, the several measuies of cardiac 
functioning were not highly mterielated In 
a follow-up study of 14 infants through the 
fiist 5 months of life Lipton, Stemschneidei, 
and Richmond (1966) noted that, m addition 
to other maturational changes m caidiac re- 
sponse, infants at 10 weeks and 5 months of 
age showed highei intei couelations of le- 
sponse measuies than weie typical foi new- 
born infants Again, as is commonly found 
with othei measuies of infants, theie is a 
tendency foi caidiac functioning to become 
stabilized during the fiist months of the in- 
fant’s life 

Psychophysiological measuies, including 
heart late, have long been proposed as indi- 
cators of undei lying psychological piocess 
(see Peiper, 1963, for a summary of early 
woik) Perhaps the simplest of these is as a 
sign that the oiganism has detected an en- 
vironmental change, foi example, the infant’s 
detection and disci lmmation of sounds has 
been assessed by variations m cardiac le- 
sponse (Bndgei, 1961, Bartoshuk, 1964) 
Changes m heart late have also been used as 
indicates of habituation (eg, Keen, Chase, 
and Giaham, 1965) and of learning (e,g, 
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Polikamna, 1961) A vanety of physiological 
measuies has been used m studies of the in- 
fant's changes from asleep to waking — the 
heavily engaged problem of infantile state 
Prechtl (1968), for example, described poly- 
graphic procedures for lecording simulta- 
neously four channels of electroencephalog- 
raphy, six channels of electromyography, 
respiration, heart iate, and two channels 
cariying human judgment m the investigation 
of newborn state and the tiansition between 
different states of the young organism 
Achievement and need in physiological mea- 
surement of the infant are revealed m 
Prechtl's assertion that “not less than 16” 
parameter of neurophysiological and other 
functions must be assessed in order to com- 
prehend the problem of behavioial state 
Recently, interest has been shown in the 
use of physiological measures ( again, particu- 
larly changes in heart iate) as measures of 
attention in young infants Graham and Clif- 
ton (1965) have reviewed the literature link- 
ing heart iate changes to changes in atten- 
tion Lewis, Kagan, Campbell, and Kalafat 
(1966) concur that caidiac deceleiation is a 
useful measure of the child's attention to 
visual and auditory information and that car- 
diac changes may reveal even more compli- 
cated psychological piocess For example, 
l " work with infants suggests 
that, other things equal, a deceleration is 
most likely to occur m an infant when [he] 
confronts a moderate discrepancy from an 
existing schema, when the event surprises 
the mfant'' (Kagan, 1967) Kagan has also 
presented evidence for developmental changes 
m heart rate over the first two years of life 
(Kagan, personal communication) It should 
be noted that most psychophysiological stud- 
ies of infants, even if aimed toward an anal- 
ysis of developmental or environmental vari- 
ables, also permit an examination of the 
stability of individual differences 

Physiological Measures and Behavior, The 
lapidly accelerating growth of interest in 
psychophysiological measures poses several 
problems for the psychology of infancy The 
prosaic but nontrivial problem remains of 
establishing common or translatable proce- 
dures from one mans laboratory to another's 
Assuming the accomplishment of that goal, 
there remains the major empirical problem 
of determining the nature of the interrelations 


among several physiological measuies and 
among physiological and behavioral measures 
A start has been made, for example, in 
Prechtl's (1968) work and m preliminary 
studies by Bndger, Birns, and Blank (1965) 
In measuring heart rate, judged movement, 
judged muscle tension, vocalization, and a 
combmed behavioral measuie (“excitation”) 
undei three conditions, Bndger et al found 
that heart rate correlated highly with judged 
excitation (p = 79) and that both heart rate 
and judged excitation showed high individual 
stability (W = 91 for heart iate and 69 for 
excitation) across conditions of stimulation 
Similar studies hold promise of providing an 
empirical matrix of interrelations among phys- 
iological and behavioral measures Beyond 
the empirical matnx, however, lies the need 
for theoretical proposals about the relevance 
and significance of physiological measures m 
understanding the mfant We can say for 
physiological measuies of the infant what will 
be said repeatedly and in diffeient contexts 
through the present chapter — that we have 
only a rickety theoretical structure on which 
to display our growing sophistication of 
method and measure 

From one point of view, the literature on 
physiological measures as well as the liter- 
ature on behavioral measures can be seen 
to demonstrate a paiadox of precision Most 
investigators stait with mteiest m a piocess 
rather than a measure, m a problem rathei 
than in a variable Early studies, whethei 
of activity oi perception or thought, are 
typically impiecise in two ways first, ob- 
servations are not finely made and, second, 
several different measures may stand for the 
process studied (eg, infantile distress may 
be indicated by vocalization, facial expres- 
sion, and coloi change much as the begin- 
nings of object permanence may be indicated 
by the child's response to hidden toys or 
peek-a-boomg parents) The paradox lies in 
the fact that as precision of measurement 
increases there is a tendency for the relation 
between measure and process to become 
strained Sometimes the measure is held to 
become the process (eg, heart rate decelera- 
tion as attention), sometimes the honing of 
the measure takes on such intei est of its own 
that the connection with process fades almost 
altogether (eg, the persistence of studies of 
general activity in infants) In a sense, as 
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we become more exact m our measures, we 
become less well connected with the prob- 
lems that set us to search The psychology 
of infancy has not been fully successful m 
refining its conceptual foundations to make 
optimal use of its lefined measuies of the 
response 

Behavioral Measures The larger part of 
the psychology of infancy depends on mea- 
sures of overt behavior, the gestures and 
movements of the baby described topograph- 
ically or mstrumentally The variety is m fact 
so great and so defining of the several ways 
m which human infancy has been understood 
that a taxonomy of lesponses seen in infants 
would be of little value Attempted catalogues 
have been neither uniform nor obviously 
cumulative (see, for example, Blanton, 1917, 
Dennis, 1934, Peiper, 1963, Pratt, 1954, 
Richards and Irwin, 1934, Sherman and Sher- 
man, 1925) Most behavioral measures have 
been of patterned activity — simple reflexes, 
movements of orientation toward aspects of 
the environment, avoidance responses, and 
emotional expression — but a good deal of 
continuing interest has been given over to 
the observation of general activity or mass 
activity in the young infant A sketch of the 
history of general activity as a measure of 
the infant may serve to outline more general 
issues in the study of babies 

General Activity General bodily activity of 
the infant puzzled and interested early observ- 
ers of infants for a number of reasons General 
activity was puzzling in that, unlike the le- 
flexes, it showed no obvious relation to par- 
ticular events m the environment, '‘sponta- 
neous” movements (Preyer, 1880) seem 
neither adaptive nor instrumental Preyer 
posed the question of the relation between 
eaily general activity and later adaptive be- 
havior and proposed something like a rein- 
forcement mechanism to account for the selec- 
tion and preservation of parts of the baby's 
unpredictable activity General activity was 
also of interest because, m spite of its unpre- 
dictability in detail, it showed obvious vari- 
ation from time to time for a single child and 
substantial variation from one child to an- 
other Early students of infants were especially 
interested m quieting, Moore (1896), for ex- 
ample, discussed the role of “inhibitory move- 
ments” in early intellectual and emotional 
development However, as for most other 


observers (eg, inventors of tests for infant 
development), general activity was not of 
inordinate importance to Preyer, Moore, and 
their contemporaries, relatively gross charac- 
terizations of activity seemed sufficient 
Just before 1930, however, geneial activity 
became prominent as a measure of the infant 
In substantial part the enlarged mterest m 
activity and its precise measurement grew 
from a desire to make the study of infancy 
truly a pait of the new natural science of 
psychology Weiss (1929) opened a long 
series of studies at Ohio State University with 
a hopeful paper on the measurement of be- 
havior Then, too, something of a theoretical 
controversy fed the interest in infantile activ- 
ity Students of fetal behavior, and of reflex 
activity more generally, were divided on the 
issue of whether eaily behavior was diffuse 
and geneial, becoming more specific and re- 
flexive or, on the contrary, whether early 
behavior was largely reflexive with the dis- 
cussion of “mass activity” representing a 
failure to recognize component particular 
reflexes The argument was taken up among 
students of infancy, with Dennis (eg, 1932) 
defending the position that the baby's be- 
havior could most economically be repre- 
sented as a collection of specific reflexes that 
became generalized through maturation and 
learning and with Irwin and Weiss main- 
taining that specific behaviors differentiated 
“from a primitive matrix of mass activity to- 
wards specialization” (Irwin and Weiss, 
1930) On several occasions, Pratt (1934, 
1936, 1937) reviewed these positions and 
attempted to compromise them, although his 
theoretical preference for the differentiation 
point of view showed through, and he wrote 
contemptuously of "fictionalized part activity” 
(Pratt, 1936) He spoke for a careful separa- 
tion of stimulus-specificity and response-speci- 
ficity and he drew the controversy to a close 
m a familiar way by defining the issues as 
largely empirical Pratt proposed a grand 
array of observations with stimuli along one 
dimension and responses along the other He 
felt that, in this way, over the years, psycholo- 
gists might come to a “quantitative expres- 
sion” of the relation between stimuli and 
responses (Pratt, 1937) Pratt's position by- 
passes rather than solves most of the theoret- 
ical issues that turn on the definition of 
stimulus, response , and process but a sizable 
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proportion of research m infancy — again, par- 
ticularly on the newborn child — can be seen 
as candidate for Pratt's matrix But by the 
1940s mass activity had lost its status as an 
article of controversy and had become largely 
just another measure m the seaich for empiri- 
cal regularity And, certainly, m the interven- 
ing decades, infantile activity has been the 
behavioral measure most often subjected to 
apparatus and to attempts of quantification 
Three families of procedures have been used 
to make precise descriptions of activity — 
human judgment, stabilimeters , and film 
Human judgments of activity have ap- 
peared most often and in the largest variety 
Sherman and Sherman (1925) weie content 
with recoidmg “jerking”, Pratt, Nelson, and 
Sun (1930) attempted to descnbe the move- 
ment of body parts m the language of muscle 
mechanics and used “general activity” as a 
category only when the observer could not 
give a more precise description, categorical 
assessments of activity vary fiom a few rough 
divisions (eg, Frechtl's [1968] no move- 
ment , gross movement) to many carefully 
described divisions (eg, Biros' [1965] six- 
category system), Kestenberg (1965) used 
choreographic terms to describe “rhythms of 
movement ” The variety is so great that the 
number of procedures for assessing activity by 
direct human observation is only slightly 
smaller than the number of studies m which 
activity is observed Moreover, systems of 
description which are formally the same (eg, 
categorical systems of four levels) have not 
been systematically compared The deficien- 
cies of direct human observation aie well 
balanced, however, by the consideration that 
it does not require elaborate apparatus, that 
most systems can be easily taught, and that 
quite high reliability between observers can 
be obtained (Birns, 1965), But the major 
advantage of direct observation — and it is an 
advantage that permits serious metrical an- 
alysis — may lie m the possibility of making 
human judgment precise After observing 
hundreds of infants of a paiticular age under 
a range of circumstances, the observer can 
build for himself a stable representation of 
the dimension of general activity An experi- 
enced observer may then measure activity 
quite as sensitively as some instruments and, 
evaluated against the typical imprecision of 
stimulus control and theoretical analysis m 


studies of infancy, his accuracy may be quite 
sufficient m many research applications 

Stahilimeter is a generic term for devices 
that more or less directly reduce the activity 
of the infant to a two-dimensional represen- 
tation — time and position change The instru- 
ment used by Weiss and his colleagues 
(Weiss, 1929) is typical, movements which 
the baby made as he lay on a pad were trans- 
lated through tambours to a kymograph 
which displayed left-right and top-bottom 
movements Instrumental variation is common 
Wada (1922) rigged tambours to a crib at 
home to record diurnal variation m activity, 
Marquis (1931) used a platform with a fixed 
hinge at one end and a spnng support at the 
other, Lipsitt and deLucia (1960) described 
a similar form that permitted, as well, the 
recoidmg of some specific respones, Crowell, 
Yasaka, and Crowell, (1964) used photoelec- 
tric sensors and spring suspension to obtain 
both analogic and digital representations of 
activity Variety of this sort makes stabil- 
lmetric recording liable to one of the limita- 
tions of direct observation — that comparison 
from one study to another is difficult The 
instruments, however, provide a permanent 
record of observations made and permit fully 
objective scoring of the lecord The lattei 
advantage of stabilimetry is not always used 
Although Irwm ( passim ) counted oscillations 
of recorded movement per unit time and 
Marquis (1931) counted half-minutes of re- 
corded activity, some mvestigatois (eg, 
Lipsitt, 1963) have found that human ob- 
servers, by inspection alone, can 'judge level 
of activity from stabihmetnc records with 
sufficient accuracy 

Film, too, has a long history of use in re- 
cording the behavior of infants (eg, Simons, 
1925) Gesell and his colleagues weie de- 
voted to the use of filmed lecords (see, 
especially. An Atlas of Infant Behavior , 
1934) and they developed objective proce- 
dures for scoring filmed records (Gesell, 
1935a) Although more concerned with spe- 
cific behavior patterns than with general ac- 
tivity, the Gesell group demonstrated the use 
of film m the study of individual differences 
in activity (Ames, 1942) and m the exam- 
ination of phenomena such as laterality where 
a whole-body measure of activity will not 
serve (Ames, 1949) Other procedures for 
the use of film in recording infantile activity 
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have been reported by Bell (1960) and by 
Kessen, Hendry, and Leutzendorff (1961) 
Bell had human observers judge filmed rec- 
ords to assess level of activity (as well as 
three dozen other characteristics of the 
babies), Kessen et al pioposed a measure of 
limb movement which permitted the study of 
patterns of movement among limbs and which 
could be calibrated from one laboratory to 
another The advantage of precision available 
from filmed records has been offset somewhat 
by two disadvantages — relatively long pro- 
cessing time and the lack of fast and accurate 
techniques for scoring film The first difficulty 
will be i educed, if not eliminated, by the in- 
troduction of television monitoring and video- 
tape recoidmg to infancy studies (Engle and 
Hansel, 1961, Haith, 1969), the second has 
been mitigated by the description of efficient 
procedures for i educing filmed and video- 
taped data (Haith, 1966, 1969) 

Despite its origin m controversy and its 
appeal to investigators caught up in a search 
for precise measures, infantile activity has 
survived as a prominent indicator of the 
baby’s behavioi because it is relatively sensi- 
tive to environmental variation and because 
it holds promise as a revealmg mark of stable 
differences among babies Activity has been 
reported to vary systematically with time 
since feeding (Irwm, 1932), level of ambient 
illumination (Irwm and Weiss, 1934, Irwm, 
1941), swaddling (Crowell et al , 1964), 
nonnutritive sucking (Kessen and Leutzen- 
dorff, 1963), procedures designed to produce 
temporal conditioning (Marquis, 1941), psy- 
chophysiological measures of arousal (Bndger, 
Bims, and Blank, 1965, Gordon and Bell, 
1961), repeated presentation of stimulation 
(Bndger, 1961, Birns, 1965), the complexity 
contained in a visual dispaly (Haith, Kessen, 
and Collins, 1968), and the list can be ex- 
tended 

Activity level of infants has been proposed 
as an important dimension of human variation 
by a number of investigators Mxttelman 
(1955) has connected variations in motor 
patterns to symptom formation Stambak 
(1956, Lezine and Stambak, 1959) has re- 
ported that variations in motor tonicity can 
be linked to variations m locomotor develop- 
ment, feeding responses, and patterns of ex- 
ploration Kestenberg (1965) has proposed 
a longitudinal study of the correlates of con- 


genital patterns of rhythm in movement Fries 
(Fries and Lewi, 1938, Fries and Woolf, 
1954) has long maintained the theoretical 
significance m understanding latei personality 
of a “Congenital Activity Type ” Recognizing 
that early variations m activity aie not re- 
lated in a simple fashion to adult personality, 
Fries has asserted that Congenital Activity 
Type influences the child’s relation to others, 
patterns of psychological defense, and sus- 
ceptibility to pathology Thomas, Chess, 
Birch, and Hertzig (1963) have described, 
among other measures, individual stability in 
activity level over the first two years of life 
Schaffei (1966) presented evidence that in- 
fants of low activity level respond to social 
deprivation less well than their high-activity 
agemates Even more provocative are reports 
of significant correlations between fetal ac- 
tivity reported by mothers and developmental 
test scores during the first eight months of 
life (Richaids, and Newbeiy, 1938, Walters, 
1965) 

In geneial, the weight of assertion about 
the importance of geneial activity m deter- 
mining future development seems more than 
the available data can bear Suggestive find- 
ings by several mvestigators of short-term 
regularities in activity level are hardly suf- 
ficient to justify the claims made for general 
activity as a central dimension of personality 
Kagan (1968) has, m another connection, 
stated the general form of a question that 
must be put to proposals about the relation 
of early activity to later behavior No one is 
seriously interested in variation in early ac- 
tivity as a predictive indicator of variation m 
activity among adults or even among oldei 
children Rather, each theorist proposes a 
(different) set of transformations such that 
early differences m activity level show up in 
later differences m patterns of tension dis- 
charge, symptom formation, or strategies of 
problem-solving The conceptual links be- 
tween early behavior and its latei manifesta- 
tions are not always clearly shown and the 
demonstrated empirical suppoit for the trans- 
formations that have been proposed is slight 
Kagan lodged the issue in the contrast be- 
tween genotypic and phenotypic character- 
izations of the infant’s behavior, the pheno- 
typical expression of general activity is seen 
to be of interest only as it indicates some psy- 
chological process or genotype 
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Heie, too, the study of infantile activity 
can stand as tvpical for other behavioral mea- 
sures of the baby Only short-term stable in- 
dividual variation has been demonstrated, 
theoretical statements about the psychological 
process underlying variation in activity have 
been vague or careless, and demonstrations 
of continuity m process — genotype continuity 
— have been rare indeed 

Activity as Representative of Behavioral 
Measures of Infants. General activity has 
been widely used in infancy research, it has 
attracted more apparatus than most behav- 
ioral measures, and it has been assigned great 
weight in attempts to undei stand early in- 
dividual differences For these reasons, gen- 
eral activity may serve to repiesent, primus 
inter pares , other behavioral measures The 
following pioblems, which we have seen illus- 
trated for activity, must be engaged in the 
use of other behavioral measures 

Measurement There are thiee questions to 
ask about measurement Fust, does the mea- 
suie reliably indicate changes in the same 
baby across varying conditions? An affirmative 
answei can be given at several levels of pie- , 
cision, but, at a minimum, the question re- 
quires only that a change m the value of the 
observed vanable be lehably detectable Lim- 
ited by the danger of regression effects and 
by slight generalizability, change measures 
that are reliable within subjects are common 
m infancy reseaich Second, does the measure 
reliably indicate differences between babies? 
Here at least an ordinal scaling must be pos- 
sible for the measuie under observation 
Much of the attention given to the assessment 
of general activity — and, again, other behav- 
ioral measures follow the example — has been 
devoted to finding an affirmative answer Fi- 
nally, can the measure be applied uniformly 
from one observational setting or laboratory 
to another? A positive answer to this question 
would permit us, foi example, to determme 
whether the most active baby observed m 
Akion was more active than the most active 
baby observed in Sacramento Although 
filmed and videotaped records of infants offer 
some promise that fully generalizable mea- 
sures will be found, it is a fair reading of the 
literature to say that few, if any , standard and 
precise metrics of infant behavior have ever 
been developed and applied widely Of course, 
serious and informative studies of babies do 


not require an affiimative answei to our third 
question, but the lack of a shared system of 
measuiement limits the cumulative impact of 
infancy studies 

Observation in Context It is often said 
of research that all empirical observations 
represent an interaction of many variables, 
and consideiation of context — the setting for 
observation in all its complexity — is of prime 
importance m infancy studies The paucity of 
standard measures, the absence of unifying 
conceptual schemes, and the fast rate of 
change of behavioi m the first 18 months of 
life all impose a need to recognize and to 
describe, even if one cannot precisely mea- 
sure, the instrumental and procedural char- 
acteristics that distinguish one study from 
another Until a rough taxonomy of research 
procedures, settmgs, and apparatus is estab- 
lished, interpretations linking one study with 
another will be somewhat shaky Bell (1963) 
has analyzed, for the limited case of the new- 
born infant, the disconcerting range of factors 
in the setting or m the baby that must be 
understood m order properly to interpret ob- 
servations which are apparently straight-for- 
ward Even for general activity, the behavior 
of newborn infants most often observed, gen- 
eral principles of great scope cannot be stated 
At least part of the disability can be charged 
to the fact that psychologists of infancy, pai- 
ticularly the experimental psychologists of in- 
fancy, have developed neithei standard pro- 
cedures for observing the baby nor translation 
rules for relating the work of one laboratory 
to the work of another 

From Observation to Interpretation , An ex- 
amination of the use of behavioral measures 
m infancy studies leads inescapably to the 
conclusion that response , like stimulus, is de- 
fined by hunch, prejudice, and theory as well 
as by replicable observation However tough- 
minded and empirical an investigator aims to 
be, he shifts easily from a description of ob- 
served behavior to a discussion of assumed 
process Explanation is, of course, both a 
normal part of any systematic study and the 
conceptual basis of lesponse definition in the 
infant It is worth noting here chiefly because 
of the strongly descriptive character of much 
research m infancy Hall’s program has been 
followed — “ only the laborious comparison 
of many special and painstaking observations 
can yield results of value” (Hall, 1891) — but 
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a psychology of infancy is fai more than 
look-see , however sophisticated Once again, 
the case of general activity serves in its illus- 
trative role Variation in activity has been 
explained in so many diffeient ways (see 
Gordon and Bell, 1961, for a brief summary) 
that the weak connections between obser- 
vation and mterpietation are fully exposed 

Mental Structures of the Infant 
In addition to Hall's empincistic succes- 
sors, who took variance wheiever they found 
it, several general theoretical positions have 
influenced the conduct of research on babies 
Though none was developed as a theory of 
early behavior m the first instance, proposi- 
tions about babies can be drawn from them 
all More or less coherent conceptual treat- 
ments of the infant are contained in or im- 
plied by the work of Fieud and his followers 
(Freud, 1905, Rapapoit, 1951, Spitz, 1965, 
to name a few), Koffka (1924), Gesell (es- 
pecially 1925 and Gesell, Thompson, and 
Amatruda, 1934), Piaget, (1927, 1936, 1937, 
1945), child psychologists and psychiatrists 
influenced by the ethological movement 
(eg, Bowlby, 1958, 1960), and the investi- 
gators m several traditions who see the infant 
chiefly as a learnei (Watson, 1928, Steven- 
son, 1962, Bijou and Baei, 1961) Seveial 
chapters of this book contain lesumes of 
major theoietical positions m child psychol- 
ogy and the lelevance of the theones foi 
infancy can be seen theie Moiovei, some 
comparisons among theones have been made 
over the past decade (Baldwin, 1967, Kes- 
sen, 1965, Maier, 1965, Wolff, 1960) Theie- 
fore no review of psychological theones of 
infancy will be undertaken heie 

However, unlike some areas of child psy- 
chology, infancy has atti acted the attention 
of almost every theory of the child, thus 
several comments about theones of the child 
— the mental structures ascnbed to infants — 
may be m older It was suggested earlier 
that there is not a generally accepted body 
of facts which different theories can aim to 
encompass, rather, each conceptual point of 
view brings with it, explicitly or implicitly, 
rules for determining what constitutes a fact 
about the baby — that is, what constitutes a 
relevant arrangement of the environment and 
a relevant observation of the child for the 
particular theory under consideration, The 


differences that separate theones of infancy 
are fundamental They are not diffeient ways 
of talking about the child, they are different 
ways of knowing what the child is Decisions 
about the elemental nature of the baby in- 
terlock with the selection of problems foi 
study, assumptions about process and the 
selection of typical problems, m turn, influ- 
ence proceduies for obtaining information and 
the ways the “facts” are finally reported It 
is neithei surprising nor inconsequential that 
theorists of the infant clustei with men of 
like mmd, investigates separated m time 
and space are linked by their adheience to a 
paiticulai way of seeing children 

Just as theories do not meet on the same 
domain of observations, neither do they main- 
tain nonoveilappmg, independent teiritones 
Occasionally, varying conceptual attitudes 
are brought to bear on what seems to be 
roughly the same phenomenon Perhaps the 
cleaiest example of this dnect encounter is 
the diversity of treatment, theoretical and 
empmcal, given social development m the 
first year of the (see Maccoby, Chaptei 21 
of this book) Ainsworth (1963), Gewirtz 
(1961), and Spitz (1965) manage to make 
disconcertingly different statements about the 
baby and his first social attachments A dis- 
agreement about the nature of the infant 
does not necessarily imply the existence of 
a conti adiction, the incompatibility of vary- 
ing explanations, or the existence of a “col- 
lect” alternative among the candidates We 
are quite without systematic ways of making 
evaluative compai isons among theones of the 
baby Rathei, m the pages ahead, as we dis- 
cuss proceduies and problems, there will 
emerge several loosely connected sets of tech- 
niques, definitions, and conceptual proposi- 
tions which lepresent the major points of 
view that exist m the field of infancy 

SOURCES OF INFORMATION 
ABOUT INFANTS 

Observations of infants have been made be- 
cause the reseaicher was fascinated by his 
own childien, because the regularities of eaily 
development called almost aloud for precise 
and numerical description, because a problem 
of interest to the investigator m another do- 
main (e>g, language, embryological differ- 
entiation, perception of space) seemed amen- 
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able to clarification by observation of infants 
and, less happily, because certain observa- 
tions made on animals or adults had not yet 
been made on infants The diversity of ap- 
proaches to the study of infants and the re- 
markable relation between approach and out- 
come can be fairly represented if we consider 
baby biographies , normative studies of de- 
velopment , longitudinal studies of early 
personality , laboiatory studies , and other 
systematic procedures The categories are 
neither exhaustive nor exclusive but they 
permit the sorting of most observations on 
babies 

Baby Biographies 

Many studies of the child depend on re- 
ports of parents but, because it is m the 
Western mode to keep the child at home 
during the first years of life, the study of in- 
fancy is unusually indebted to the relatively 
small numbei of parents who have watched 
and lecorded the behavior of their children 
and then gone on to order and organize their 
observations in a way that permits sharing 
them with colleagues Tiedemann (1787, 
translated by Muichison and Langer, 1927), 
who is often afforded the ritual honoi of being 
the first baby biographer, apparently drew 
his mspnation from the self-ievealing work of 
Rousseau and fiom the contemporary intei est 
m developmental physiology Almost 100 
years later, again provoked by the more gen- 
eral biological problem of development posed 
by Darwin, the era of the baby biography 
began, grandly m the work of Preyer (1881), 
more modestly m notes about their children 
by eminent men like Tame (1877), Darwin 
(1877), and Champneys (1881) Dennis 
searched the hteratuze for baby biographies 
in 1936 and found evidence of narrative ac- 
counts of infancy by 48 authors When in- 
fancy studies became more rigidly scientific, 
enthusiasm for narrative parental accounts 
diminished, nonetheless, profoundly impoi- 
tant examples of the foim have appeared 
since m the woik of Piaget (1936, 1937, 
1945), m Valentine’s (1930) study of fear, 
and in the observations of students of early 
language acquisition (eg, Lewis, 1951, Leo- 
pold, 1939, 1947, 1949) 

There is, of couise, no agreed-on pioce- 
dure for making a baby biography, they share 
the characteristic of being observational rec- 


ords on one or a few children made by 
parents of the observed child and continuing 
over seveial months (in some cases, over 
several years) of the child’s life Within so 
lightly defined a category there are studies of 
piecise and limited intentions (eg, Fair- 
banks, 1942, studied changes m the pitch of 
hunger wails over the fust nine months of 
his son’s life) as well as major attempts to 
understand the full scope of the baby’s de- 
velopment Biographical studies, of whatever 
dimension, suffer from the possibility of 
grossly contaminated observation by a loving 
parent who is typically also a professional 
psychologist with a point to make The biog- 
raphies also do not peimit a systematic par- 
ametric analysis of variables influencing the 
child, a characteristic which may help to ex- 
plain why no one has made the careful 
comparative study that the rich biographical 
literature demands The limited summary of 
the biographies by Dennis and Dennis ( 1937) 
is encouraging, nonetheless, m demonstrat- 
ing the regularity, across different accounts, 
of the timing of developmental changes 

Careful study of the biographies is justi- 
fied because, even if one stipulates the bias 
of the parent-observer, he has a far better 
understanding of the baby’s environment 
than is approached by the usual study of many 
children, whether normative or experimental 
More than that, the biographer can organize 
his observation and speculations around the 
elemental fact that he is seeing a single co- 
herent person , his descriptive task and his 
theory, if you like, are defined by the con- 
tinuing and connected existence of anothei 
human being Moie formal approaches to the 
psychology of infancy can offer neither con- 
ceptual coherence nor procedural elegance 
sufficient to match the biographer’s coherence 
of person 

Foi all the technical arguments that can 
be made about the reliability and compar- 
ability of biographical data, the parental stud- 
ies of early life have two remarkable proper- 
ties that make them a majoi source of interest 
to obseivers of babies First, biographies con- 
tain an enormous amount of information 
Taken together, they comprise the most gen- 
eral and inclusive souice of information about 
the child in the first two years of life that is 
available to us The student of children who 
wishes to see the baby portrayed in broad 
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and sometimes hesitant strokes, but fullv hu- 
man and fully persuasive, will wisely read 
Preyei (1881), Moore, (1896), Shinn (1900), 
and Piaget (especially 1936) Mis Moore 
wanted to describe all of her baby’s mind, 
even though she recognized the necessity of 
abstraction and weakly suppoited generaliza- 
tion, Table 1, which shows some of her 
obseivations on lecognition and mfeience, 
will llhistiate the peculiaily important con- 
ti lbution of the baby biographer 
The empincal richness of the biographies 
is as remaikable as their selective character 
To be sure, some accounts have been ex- 
plicitly nairow m scope — most obviously 
those concerned with language — but all bio- 
graphies, even those that aim for simple 
observational generality, lepresent their time 
and then authors Darwin (1877) and Mrs 


Hall (1895-1896) concentrated on the de- 
velopment of emotion or, bettei, the develop- 
ment of sentiment Teidemann (1787) and 
Pieyer (1881) wrote out of current psychol- 
ogy about sensation, volition, and the role of 
experience Baldwin (1895), Mrs Moore 
(1896), and Piaget ( passim ) saw the child 
as young philosophei and logician The Kel- 
loggs (1933), m then valuable study of eaily 
development in chimpanzee and baby, wanted 
to know how much a common environment 
could reduce species differences The selectiv- 
ity of attitude and the variety of conclusions 
shown m the biographies is not so much a 
measure of the inelegance of the method but 
lather of the fact that early human develop- 
ment is so many-sided that theie exist many 
ways to make useful analytic reduction Even 
so, there are communalities enough m the 


Table 1 K C Moore’s Summary (1896) of the Development and Relation of Recognition, 
Inference and Reconstruction m Her Son 


Simple Recognition Recognition Con- 
Based on Expen- nected with Ex- 
ence pectation 


Inference, the Hab- 
it of Basing Con- 
clusions upon 
Analogous Items 
of Experience 


Reconstruction 


Either a Simple 
Reorganization of 
Expenence 


Or a Reorganization 
involving an In- 
ference 


5th week He 
recognized the hu- 
man face 

7th week The 
sounds of the voice 

9th week He 
recognized the 
breast when he saw 
it, and the face of 
his mother 

12th week His 
own hand 

16th His thumb, 
the nipple 

17th* He recog- 
nized his ball at a 
distance of some 
feet 

18th Footsteps 
on the stairs, 

24th week He 
recognized his 
grandfather, whom 
he had not seen for 
two weeks 

34th Changes m 


21st week He 
recognized hands 
extended to him 
and expected to be 
taken up 

22nd week The 
spoon, and pre- 
pared to receive 
water 

23rd His moth- 
er’s hat, expecting 
to be taken out 
when she wore it 

27th He recog- 
nized a tune, and 
expected it if he 
saw the movements 
which accompa- 
nied the song 

35th Repeatedly 
threw his spoon on 
the floor and looked 
after it, sometimes 
he held out his 
hand as if to re- 
ceive something, 
seeming to expect 
it to come to him* 


24th week He 
tried to take the 
hand of his own 
reflection in the 
mirror 

25th Seeing a 
visitor wearing a 
hat he evinced de- 
light, when she 
went out and did 
not take him he 
was distressed 

59th Seeing a 
cow for the first 
time the child 
called her a bird 

64th A caterpil- 
ler he called a fly 

83d week In the 
afternoon the child 
walked m the sta- 
tion with his par- 
ents and rode m 
the street car In 
the evening he and 
his mother went 
back to the station 
alone When the 


81st week He 
threw his baby doll 
on the floor and 
ran into another 
room calling “Bye, 
bye, baby 1 ” Then 
exclaiming, “Poor 
baby cry!” he ran 
back and picked it 
up 

He laid the doll 
on the bed springs 
and worked them 
up and down, giv- 
ing the doll a nde 
as his grandmother 
rode him 

93d Upon going 
into the bathroom 
he asked for a 
large empty bottle 
which was often 
given him to play 
with Having re- 
ceived it he said, 
“Mamma, neck*” 
His mother, who 
was busy, did not 
heed him* Then he 


66th He found on 
the floor a bit of 
black wool about the 
size of a fly which 
he at once called a 
fly He picked it up, 
carried it to the win- 
dow and stuck it on 
the screen Then 
pointed to it, ex- 
claiming, “fly* flyl” 
a number of times 
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Table 1 K C Moore's Summary (1896) of the Development and Relation of Recognition, 
Infeience and Reconstruction in Her Son 


Reconstruction 


Inference, the Hab 

it of Basing Con- 

Simple Recogmtion Recognition Con- elusions upon Either a Simple Or a Reorganization 
Based on Experi nected with Ex Analogous Items Reorganization of involving an In- 

ence pectation of Experience Experience ference 


the facial expres- 
sion of people 

43rd He recog- 
nized and imitated 
a number of 
sounds 

56th The child 
liked to stand on 
a chair and look 
out of the window 
If his mother 
moved the chair to- 
ward the window, 
calling him to 
come, he hastened 
toward the win- 
dow, if she spoke 
the words without 
moving the chair, 
or adjusted the 
chair without ad- 
dressing him, it 
meant nothing to 
him 

75th A little 
playmate who had 
been away for four 
weeks was upon 
his return immedi- 
ately recognized 
He was seen for 
the first time in his 
wonted surround- 
ings 


44th His father 
was accustomed to 
take him from his 
chair every evening 
after dinner When 
the child saw his 
father fold his nap- 
kin he was de- 
lighted, expecting 
to be taken up 

44th When he 
saw his mother 
brush her hair (an 
operation usually 
performed before 
donning her hat) 
he expected to be 
taken out 

46th His mother 
was accustomed to 
sit ra a certain 
chair One day the 
child saw his 
mother in the room, 
but while he was 
playing she took 
her seat m another 
chair He soon 
looked at her chair, 
and not seeing he: 
there began to 
worry as if alone, 
looking repeatedly 
at the chair At last 
he chanced to per- 
ceive her, was sat- 
isfied and began to 
play again Soon he 
looked up at her 
chair again, and, 
evidently having 
forgotten where she 
sat, behaved as at 
first. After having 
a second time dis- 
covered her he re- 
membered where 
she was Nor did 
he on the next or 
following days have 


child found himself 
next to a man m 
the street car he 
called him papa, 
and insisted upon 
getting up on his 
lap, all without 
having looked in 
the man's face In 
the station he ran 
after a man who 
walked a little m 
advance, calling 
him papa When 
the man turned his 
face, the child at 
once saw that he 
was not Ins father 

87th He called 
a watch a clock 

95th A picture 
was shown to the 
child It repre- 
sented a girl stand- 
ing on a road m 
front of a fence 
Her shadow lay on 
the ground behind 
her He was asked 
to point out her 
shadow He looked 
on the fence for it 
and could not find 
it, neither could he 
on the next day 
satisfy himself as 
to the shadow 
which he sought to 
find op the fence 

95th He went 
with his mother to 
a strange house 
He ran about the 
rooms examining 
everything Of a 
large standing lamp 
he said “See the 
big tree”, of the 
books behind glass 


said, “Mamma, 
hand 1 ” and taking 
her hand he got 
her to sit down be- 
side him He then 
went through the 
performance of tip- 
ping the bottle as 
if pouring some- 
thing out on his 
hand with which 
he afterwards rub- 
bed his mother's 
neck as his had 
been rubbed with 
oil some three 
weeks before 

101st He put 
the scissors on a 
book and said they 
were riding on 
horseback 

103d He lost a 
pin which fell 
down a crack 
When he com- 
plained that it was 
gone his mother 
asked him where it 
was He replied 
“Gone to church, 
gone a sleigh ride ” 
He saw “bizz” (his 
own moving shad- 
ow) on the floor 
and watched it 
When asked what 
“bizz” was doing 
he replied that 
“bizz” was eating 
a big apple 

104th The child 
gave his mother a 
pin, then offered 
one to his aunt (not 
present) and to 
many other persons 
whom he called 
by name, extending 
his hand now here. 


103d One day 
while out, the child 
saw a man standing 
in the midst of a 
flock of chickens He 
was too far away to 
see what the man 
and the chickens 
were doing, but was 
told that the man 
was feeding the 
chickens The next 
day he described to 
his mother what he 
had seen, adding 
that the man fed the 
chickens with beef 
tea from a cup 

104th* His grand- 
father showed him 
the picture of a 
bunch of grapes, and 
promised that when 
the child visited him 
he should pick 
grapes In a few 
weeks his grandfather 
went home. There- 
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Table 1 K C Moore's Summary (1896) of the Development and Relation of Recognition, 
Inference and Reconstruction in Her Son 


Simple Recognition Recognition Con- 
Based on Experi- nected with Ex 

ence pectation 


Inference, the Hab- 
it of Basing Con-. 


Reconstruction 


elusions upon Either a Simple Or a Reorganization 
Analogous Items Reorganization of involving an In- 
of Experience Experience ference 


trouble m remem- doors “See the now there, as if after the child m 

benng where m books m the win- giving the same telling about his 

any part of the dow!” pin to each m turn grandfather always 

room she sat represented him as 

98th In the fore- picking grapes 

noon he saw a 
neighboor sweep- 
ing snow In the 
afternoon when 
questioned as to 
her whereabouts he 
replied that she 
was sweeping the 
snow (he had not 
m the meantime 
seen her) 


100th Seeing his 
mother tacking 
down an oil cloth 
on the kitchen floor 
he exclaimed that 
the kitchen was 
broken (he had 
seen things mended 
with hammer and 
tacks ) 

101st The cor- 
ner of his napkm 
bent up against his 
face, and this he 
attributed to the 
wind which blew 
under his cape and 
raised it m a simi- 
lar manner 


103d He broke 
the petiole from 
the blade of a leaf 
and asked his 
mother to mend it 
She replied that 
she could not do 
so He sat as if 
thinking for a few 
moments, then 
looked up and said, 
“Mamma mend(ed) 
the sofa; mamma 
mend(ed) the rab- 
bit" 
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records — for example, in records of emotional 
expression and of language — to justify more 
careful comparative study of them 

The biographies have the defects of their 
virtues idiosyncratic selection makes com- 
parison difficult, vaiiation m observational 
procedure limits parametric analysis of vari- 
ables, and the coherence of person that makes 
them convincing human documents often frus- 
trates the student in search of an objective 
account But, despite their weaknesses, the 
biographies are essential in our studies of 
language, emotional expression, problem solv- 
ing, representation, and imitation m infants 
and they remain invaluable sources of ob- 
servations and of leads toward better con- 
trolled observations on other matters of inter- 
est to the psychologist of infancy, particularly 
m the period between the newborn's hospital 
stay and the child’s entrance into nursery 
school 

Normative Studies of Behavioral 
Development 

The second major source of information 
about infants lies m large-scale studies of 
developmental regularities in behavior, the 
normative investigations that have produced, 
among their other achievements, the infant 
test Bayley (m this book) deals with empn- 
lcal and procedural issues in the measurement 
of development across the growth span, the 
account here will therefore review briefly only 
normative studies of mental development m 
infancy Bmet (1905) included m his first 
intelligence scale a few items appropriate for 
the infant (eg, visual following of a lighted 
match, prehension of an object seen, the ex- 
ecution of simple commands) but his later 
revision provided only for assessing the be- 
havior of children at least 3 years old Kuhl- 
man (1912) began modifying the Bmet scale 
for younger children and published items ap- 
propriate for children from 3 to 24 months of 
age m 1922 Simon (1916) proposed a de- 
tailed ^questionnaire” to guide the observa- 
tion of children between birth and 2 years 
and parts of his proposal were translated by 
Reymert m 1920 With the publication of 
Gesell’s (1925) first scale of infant behavioi, 
procedures for assessing early development 
came thick and fast Developmental sched- 
ules, rarely altogether independent of one 
another and often leaning heavily on Gesell, 


were described by Hallowell (1928), Lmfert 
and Hierholzer (1928), Jones (1926), Stuts- 
man (1931), Shirley (1931, 1933), Buhler 
and Hetzer (1932, 1935), and by Bayley 
( 1933, 1936) Although the pace slowed after 
the mid-1930s, several new scales of infant 
development (as well as revisions of earlier 
procedures) have appeared, for example, the 
tests of Cattell (1940), Brunet and L&zme 
(1951), Griffiths (1954), and, in preliminary 
form, Uzgins and Hunt (1964) For the 
narrower range of newborn behavior, early 
catalogues like Blantons (1917) have been 
succeeded by standardized tests like Graham’s 
(1956, Graham, Matarazzo, and Caldwell, 
1956, Rosenblith, 1961, Rosenblith and Lip- 
sitt, 1959) 

Prodigious effort has been expended in the 
development, standardization, and application 
of normative schedules for infant behavior 
Buhler and her colleagues made ’round-the- 
clock observations of children at intervals of 
1 month in order to develop time-representa- 
tive items Boyd and Shirley made 1370 home 
visits and earned out 1944 behavioral exam- 
inations m the 2 years of their longitudinal 
study (Shnley, 1931) Bayley (1965) organ- 
ized the testing of over 1400 infants under 
15 months Gesell, during the 25 years he 
studied infants systematically at the Yale 
Clinic of Child Development, applied his 
developmental schedule to thousands of nor- 
mal and pathological babies, accumulating 
along the way miles of filmed records The 
list could be extended to include scores of 
research applications of developmental scales 
for infants From these studies has come the 
largest body of descriptive data available in 
the literature of infancy However, m addition 
to variation among the tests themselves in 
content, standardization procedures have not 
been of uniform high quality (compare, for 
example, Gesell et al , 1934, with Griffiths’, 
1954, sophisticated standardization) , and 
testing procedures, even for the same tests, 
have varied Nonetheless, uniformities m the 
ways the tests were constructed (Hindley, 
1962) have exerted regularizing force on 
most of the scales Items assessing develop- 
ment of locomotion are often used as are mea- 
sures of speech development — though here 
the differences among tests are substantial 
(McCarthy, 1954) Characteristically present 
also are items assessing sensory and percep- 
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Table 2 Items Drawn from Four Infant Tests Which Are Considered Appropriate 
for Six-Month-Old and One-Year-Old Infants 

Gesell and Amatruda 

(1941) Bayley (1933a) Cattell (1940) Griffiths (1954) 


(Key age, 28 weeks) 

Lifts head 

Sits erect momentarily 

Radial palmar grasp 
of cube 

Whole hand rakes 
pellet 

Holds two cubes more 
than momentarily 

Retains bell 

Vocalizes mm-m and 
polysyllabic vowel 
sounds 

Takes solid food well 

Bnngs feet to mouth 

Pats mirror image 


5 8 mo Exploitive 
paper play Present 
a piece of paper 
to child so he may 
grasp edge of it 

5 8 mo Accepts 
second cube When 
child is holding 
one cube, place a 
second m easy 
reach 

5 9 mo Vocalizes 
pleasure 

5 9 mo Vocalizes dis- 

pleasure 

6 0 mo Reaches per- 

sistently Place 
cube just far 
enough away from 
child so he cannot 
reach it Credit if 
he reaches persis- 
tently 

6 1 mo Turns head 
after spoon Hold 
spoon so that it 
protrudes over 
edge of table by 
child’s side and 
when he is in- 
terested, suddenly 
drop it to floor 


(Key age, 6 months) 

Secures cube on sight 
When child is sit- 
ting m upright 
position before 
table a one-mch 
cube is placed 
within easy reach 

Lifts cup Place 
straight-sided alum- 
mum cup upside 
down within easy 
reach of child as he 
is sitting at table 

Fingers reflection m 
mirror While child 
is in sitting position, 
a framed mirror is 
held before him in 
such a manner that 
he can see his re- 
flection but not that 
of his mother or 
other persons 

Reaches unilaterally 
Child sits with 
shoulders square to 
front and both 
hands an equal dis- 
tance from exami- 
ner A two-to-three 
inch door key or 
peg is presented m 
perpendicular posi- 
tion 


(Key age, 6 months) 

Plays with own toes 

Sits with slight 
support 

Anticipatory move- 
ments when about 
to be lifted 

Manipulates bell 

Makes 4+ different 
sounds 

Secures dangling ring 

Hands explore table 
surface 

Holds two cubes 


6 1 mo Mirror image 
approach Hold 
mirror before child, 
bringing it close 
enough so that he 
may reach it easily 

6 2 mo Picks up cube 
deftly 

6 3 mo Says several 
syllables 


Reaches persistently 
One-mch cube is 
placed on table just 
out of child’s reach 
Credit if child 
either reaches sev- 
eral times 

Approaches second 
cube Child is pre- 
sented with one 
cube and as soon 
as he has taken it 
a second is held 
before him in such 
a position as to 
favor his grasping, 
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Table 2 Items Drawn from Four Infant Tests Which Are Considered Appropriate 
for Six-Month-Old and One-Year-Old Infants 


Gesell and Amatruda 
(1941) 


(Key age, 52 weeks) 

Walks with one hand 
held 

Tries to build tower 
of cubes, fairly 

Dangles ring by 
string 

Tries to insert pellet 
m bottle 

Two words besides 
“mama” and 
“dada ” 

Gives toy on request 

Cooperates in 
dressing 

Releases ball towards 
adult (56 weeks) 


Bayley (1933a) 


11 5 mo. Inhibits on 
command When 
child puts an object 
in mouth or on 
some other pretext, 
say “no, no ” 

Credit if he inhibits 

11 6 mo Repeats 
performance 
laughed at 


11 6 mo Strikes doll 
Place small rubber 
whistle doll on 
table Hit it 
smartly to produce 
whistle, encourage 
child to do the 
same Credit if he 
imitates the hitting 
motion 

11.7 mo, Imitates 
words Say several 
words, as mama, 
dada, baby, etc , 
and credit attempts 
to imitate 

12 1 mo Spoon imita- 
tion Rattle spoon 
m cup with stirring 
motion Credit if 
child succeeds in 
making a noise m 
cup by a similar 
motion with spoon 

12 2 mo Holds cup 
to dnnk Hand cup 
to child saying, 
“Take a drink,” 
Credit if he takes 
it m his hands, and 


Cattell (1940) 

but is not actually 
placed m his hand 

(Key age, 12 months) 

Beats two spoons to- 
gether Two spoons 
are taken, one m 
each hand, and 
beaten gently to- 
gether while child 
watches, then they 
are presented to 
child, one in each 
hand 

Places cube in cup 
Aluminum cup and 
one-inch cube are 
placed before child 
and he is asked to 
put “block” in cup 
If no response, plac- 
ing cube m cup is 
demonstrated and 
request repeated 

Marks with pencil 
Piece of paper and 
pencil are placed 
before child with 

request, “ write ’ 

If no response 
writing is demon- 
strated and request 
repeated Credit if 
child makes any 
marks on paper 

Rattles spoon in cup 
Aluminum cup is 
placed before child 
and spoon is moved 
back and forth m 
it, hitting edges, 
then spoon is placed 
beside cup with 
handle toward 
child 

Speaking vocabulary 
— two words 
“Ma-ma” and “da- 
da” are not credited 

Hits doll Rubber doll 
with whistle is put 
face up on table 


Griffiths (1954) 


( Key age, 12 months ) 

Side-steps around in- 
side cot or play-pen 
holding rails 

Obeys simple request, 
“Give me cup,” etc 

Plays “pat-a-cake” 
(claps hands) 

Reacts to music 
vocally 

Babbles monologue 
when alone 

Says three clear 
words 

Interested m motor- 
car 

Uses pencil on paper 
a little 

Manipulates box, lid, 
and cubes 
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Table 2 Items Drawn from Four Infant Tests Which Are Considered Appropriate 
for Six-Month-Old and One-Year-Old Infants 

Gesell and Amatruda 

(1941) Bayley (1933a) Cattell (1940) Griffiths (1954) 

holds it adaptively before child, and 

to drink hit gently with open 


hand several times 
Credit if child 
makes a definite at- 
tempt to hit doll 


12 6 mo Adjusts 
round block Three- 
hole (Gesell) form 
board is laid on 
table with round 
hole at child’s 
nght Give round 
block to him with 
no directions 
Credit if child puts 
block m round 
hole 


tual functioning, social responsiveness, and 
memory or learning Table 2 illustrates the 
similarities and differences among infant tests 
by listing the items deemed appropriate for 
the 6-month-old and the I-year-old from the 
woik of Bayley, Cattell, Gesell, and Griffiths 
Normative studies of early development 
have had two aims to describe the reg- 
ular change m behavior with age for all 
children — the stability of the species — and to 
describe variations among babies that might 
permit reliable diagnosis and prediction — the 
stability of the person With lare exception, 
the inventors of developmental schedules have 
been primarily concerned with the second, 
the diagnostic issue Their search has been 
for ways to foresee the later development of 
babies for practical (eg, m justification of 
adoptive placement) as well as foi theoietical 
reasons But the literature supports the con- 
clusion that, however well we may know the 
timing and sequence of many responses m 


the human infant as member of a species, we 
have not been able to devise piocedures suf- 
ficient to the diagnostic and predictive task 
Intratest and mterobserver reliabilities are 
generally high (see, for example, Guffiths, 
1954, Cattell, 1960, Weiner and Bayley, 
1966) Short-term test-ietest reliabilities are 
also positive and sometimes high (Bayley, 
1933b), although the summary of several 
studies m Table 3 shows that test-retest cor- 
relations rarely exceed 50 during the first 
three years of life Several of the tests seem 
to be accounting for common variance Pease, 
Rosauer, and Wolins (1961) in a comparative 
study of the Bayley, the Gesell, and the 
Cattell, and Caldwell and Drachman (1964) 
m a comparison of the Cattell, the Griffiths, 
and a modified Gesell have shown that, across 
a nanow age range, the several scales rnter- 
coi relate highly But the capacity of infant 
development scales to forecast latei measures 
of intelligence is slight Bayley (1933, 1949), 


Table 3 Intercorrelations of Averaged Test Scores within the First Three Years of Life 



4,5,6 

Months 

7, 8,9 
Months 

10, 11, 12 
Months 

13, 14, 15 
Months 

18, 21, 24 
Months 

27, 30, 36 
Months 

1, 2, 3 m . 

.57 

.42 

28 

.10 

—.04 

-.09 

4, 5, 6 m. 


72 

.52 

.50 

.23 

10 

7, 8, 9 m 



81 

67 

.39 

22 

10,11, 12 m 




.81 

.60 

.45 

13, 14, 15 m. 





.70 

.54 

18, 21, 24 ra. 






80 


Hmdle/s (1962) casting of Bayley’s (1933b) longitudinal data 
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Andeison (1939), Cattell (1940), and Wit- 
tenbom (1957), among otheis, have demon- 
strated that the correlation between develop- 
mental measures in the first 18 months of life 
and tested intelligence scores between 5 and 
18 years is effectively zeio Anderson’s study 
may be taken as representative Using three 
of the standard tests and some items of his 
own, he found that intelligence scoies at 5 
years correlated with 24-month scores at 45, 
with 18-month scores at 23, with 12-month 
scores at 06, with 9-month scores at 00, 
with 6-month scoies at — 06, and with 3- 
month scores at 01 Whatevei the reasons for 
the findings of low predictive value — general 
lack of stabilization m infantile functions, 
failure to sample “appiopriate” behaviors, oi 
the chffeientially greater impact of earlv ex- 
perience on intelligence — Andei son’s sum- 
mary remains appropriate 

Infant tests, as at piesent constituted, mea- 
suie very little, if at all, the function that is 
called “intelligence” at later ages It is 
unfortunate that workers m the pre-school 
period have used age-progiession as virtually 
the only cuteuon foi validating their tests 
(1940) 

Not all investigatoi s aie convinced that 
accurate prediction of latei intelligence cannot 
be made from earlv observations of babies 
Illingworth (1961), Escalona and Monanty 
(1961), Holden and Solomons (1962), Don- 
ofno (1965), and Knobloch and Pasamanick 
(1959, 1962, 1963) have all argued for the 
clinical utility of earlv developmental testing 
Each of these studies, however, involves eithei 
a sample biased toward low scores m a wav 
that makes statistical interpretation difficult 
or it adds to developmental test scores an- 
other sort of observation such as “clinical ap- 
praisal based on test performance” (Escalona 
and Moriarity, 1961) or “a diagnosis of neu- 
rological status” (Knobloch and Pasamanick, 
1959) The arguments presented suggest that 
characteristics of the test situation and aspects 
of the baby’s behavior beyond his measurable 
performance on test items must be taken into 
account Certainly it is the case that, over the 
years, pediatricians and neurologists have de- 
veloped techniques for the assessment of the 
infant’s neurological condition that may am- 
plify and correct the findings of developmen- 


tal tests Although rarely cast m the strict 
psychometric form of infant tests, the be- 
havioral observations of Andi e-Thomas and 
his colleagues (eg, Sam t- Anne Dargassies, 
1962) and of Peiper (1963) are essential to 
an understanding of the infant, particularly 
of the newborn Parmalee (1962) has pub- 
lished a summary of cunent European neu- 
rological studies and Samt-Anne Dargassies 
(m Falkner, 1966) has summarized her ob- 
servations on premature and term babies 
Fioientmo (1963) has described a large num- 
ber of reflex tests of central nervous system 
development m the 1J4 years of life A far 
simpler proceduie for the evaluation of the 
newborn infant proposed by Apgar (1953, 
and James, 1962) has been used by students 
of infancy m assessing the sequelae of pre- 
maturity and perinatal anoxia 

On balance, the obvious contribution of 
the normative studies has been to describe m 
some detail the expected course of develop- 
ment m the first two yeais of white, Western, 
family-reared children They also provide a 
procedure foi assessing short-term develop- 
mental effects such as the i elation of fetal 
activity to early development (Richards and 
Newbeiry, 1938, Bernard, 1964, Walters, 
1965) and of the action of contemporaneous 
environmental change on behavior — foi ex- 
ample, the effect of separation Test perfoi- 
mance has been used to measure cross-cultural 
and subcultural variation (eg, Knobloch and 
Pasamanick, 1953, Geber and Dean, 1957, 
Vincent and Hugon, 1962), to measure the 
effect of institutionalization (Lipton and Prov- 
ence, 1963), and to find the influence of sex, 
birth older, and characteristics of parents 
(Bayley and Schaefer, 1964, Bayley, 1965) 
as well as in extensive studies of prematurity 
and early pathology 

The seaich for normative measures with 
predictive power goes on One tactic is rep- 
resented by Uzgiris and Hunt, who have be- 
gun then search for test items on theoretical 
rather than empirical grounds, drawing largely 
from the work of Piaget (1936, 1937, 1945) 
Anothei, older procedure seeks items m pres- 
ent tests that are differentially sensitive to 
later performance Anderson ( 1939) and 
Maurer (1946) made early use of the pro- 
cedure, Werner and Bayley (1966) have le- 
cently shown that reliabilities are higher for 
test items that deal with independent move- 
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ments of the baby’s body and activity directed 
toward objects than they are foi responses 
which involve a social partner Cameron, 
Levson, and Bayley (1967) have lecently 
followed up weak suggestions m the liteiature 
(eg, Abt, Adler, and Bartelme, 1929, Catal- 
ano and McCarthy, 1954, Karehtz, Fisichelh, 
Costa, Karehtz, and Rosenfeld, 1964) that 
vocalization and early speech may be moie 
intimately related to mature intelligence than 
other aspects of early mfant behavior Still, 
Stott and Ball (1965), after a close quantita- 
tive analysis of several currently used infant 
tests, conclude that there is “a great lack of 
consistency among and within the scales 
in terms of factor content and meaning, thus 
pointing up the need for more consistent and 
adequate test scales ” 

Studies of Early Variation m Personality 

When Mary Shirley reported her observa- 
tions on personality development m the first 
two years of life, she commented “there are 
no studies of personality at the infant level 
with which the results of this study can be 
checked and its theoretical interpretations 
compared” (Shirley, 1933) As she wrote, 
several studies that aimed to follow children 
from birth until maturity were being started 
and, over the years, several more have been 
initiated But, for all the keen and apparently 
increasing interest m the longitudinal study 
of behavior (Bell, 1953, Anderson, 1954, 
Kessen, 1960, Schaie, 1965), the public hteia- 
ture on connections between baby’s behavior 
m the first years of life and his personality 
during adolescence or adulthood is very small 
Stone and Onque (1959), m their survey of 
follow-up studies of personality, found only a 
sea ttei mg of reports that involved very young 
children, Among them were Washburn’s study 
of laughing and smiling in the first year (1929) 
and of child-care procedures m the first two 
years (Washburn and Putnam, 1933), a re- 
port on MacFarlane’s (1938) study of guid- 
ance, studies on a very small number of chil- 
dren by the Gesell group (Gesell and Ames, 
1937, Ames, 1944) and their successors at 
Yale’s Child Study Center (Coleman, Kris, 
and Provence, 1953, Wolf, 1953), a study of 
Shirley’s babies after 15 years (Neilon, 1948), 
and some parts of Bayley’s unique work Re- 
ports on work completed or planned linking 
infant behavior to later personality have since 


been presented by Meili (1957), Escalona 
and Heider (1959), Skard, Inhelder, Noeltmg, 
Murphy, and Thomas (summanzed m David 
and Brengleman, 1960), Kagan and Moss 
(1962), Thomas, Chess, Birch, Hertzig and 
Korn (1963), and Schaefer and Bayley 
(1963) 

The variability m instiument and pioceduie 
that charactenzes longitudinal studies of 
motor and mental development is, not sur- 
prisingly, of a low order when compared 
with studies of early personality We have 
some sense of what adult intelligence is and 
how to assess it, we have only a beginning 
notion of the dimensions of adult personality 
Studies of infantile personality share an in- 
terest m some large categones (eg, activity, 
impulsivity, and social response, particularly 
dependency and aggression) but theie appear 
to be no two studies m the liteiatuie where 
the same instruments and the same procedure 
for personality assessment weie used Table 
4 lists the categories for describing early be- 
havior used by Gesell and Ames (1937), 
Bayley (Schaefer and Bayley, 1965), Kagan 
and Moss (1962), and Thomas et al (1963) 
The rarity and value of data connecting in- 
fantile with adult characteristics make the 
diversity of technique insignificant, but there 
exists a clear need for integration and organi- 
zation of information from the several studies 
In general, short-term stability of observed 
characteristics has been established Schaefer 
and Bayley compare four age groupings be- 
tween 10 months and 36 months, Kagan and 
Moss compare years 1, 2, and 3 with years 4, 
5, and 6, Thomas et al present interview data 
drawn from six periods in the first two years 
— all concur m finding significant stability m 
observations of personality traits But, m the 
few studies that report extensive data from 
infancy to adolescence or early adulthood, 
there is the familiar decay m the strength of 
relation from age period to age period The 
work of Kagan and Moss and of Schaefei and 
Bayley can illustrate the conclusion Kagan 
and Moss (1962) report some 174 correla- 
tions of characteristics of children in the first 
3 yeais of life with characteristics of adults, 
of these, only 4 aie statistically stable, Schaefer 
and Bayley (1963) report 784 correlations of 
charactenstics observed between 10 months 
and 3 years with characteristics of adoles- 
cence, of these, 44 are statistically stable In 
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Table 4 Examples of Categories Used to Describe Dimensions of Early Personality m 
Four Studies 


Gesell and Ames 
(1937) 

Kagan and Moss 
(1962) 

Thomas et al 
(1963) 

Schaefer and Bayley 
1965) 

Energy output 

Passive and dependent 

Activity level 

Responsive to persons 

Motor behavior 

behavior 

Rhythmicity 

Rapid 

Self-dependence 

Aggression 

Approach-withdrawal 

Active 

Social responsiveness 

Achievement 

Adaptability 

Not shy 

Family attachment 

Interaction with oppo- 

Intensity of reaction 

Happy 

Communicativeness 

site sex 

Threshold of respon- 

Positive behavior 

Adaptivity 

Exploration of 
environment 

Humor sense 

Emotional maladjustment 
Emotional expressiveness 
Reaction to success 

Reaction to restriction 
Readiness of smiling 
Readiness of crying 

Physical-harm anxiety 
Social interaction 
Compulsivity 
Hyperkmesis 

siveness 

Quality of mood 
Attention span and 
persistence 

Calm 


the latter case, a disproportionate number of 
high correlations were reported for the girls 
in the sample and in the pattern that relates 
rapidity and activity m early life with ad- 
olescent characteristics of independence, bold- 
ness, mutability and defiance The Schaefer 
and Bayley work also contains the provoking 
suggestion, m part confirmed by Kagan and 
Moss, that characteristics of mothers m the 
first three years of life, foi boys at any rate, 
may be a better indicator of adolescent be- 
havior than the child’s own earlier behavior 
It should be noted, however, as Bloom (1964) 
has noted for other human characteristics, 
that there is a tendency for personal stability 
to increase markedly dunng the second three 
years 

Strangely, some of the apparently most 
successful long-term predictions have been 
made in the gross categories of individuality 
used by Gesell and Ames (1937) and by 
Escalona and Heider (1959) Even more 
dramatic is Neilon’s (1948) study m which 
she made a clinical assessment of 16 of 
Shirley’s original 25 children when they be- 
came 17 yeais old She gave clinical sketches 
of the children at 17 to some 15 judges to- 
gether with clinical sketches of the children 
made at 2 years of age The task of the judges 
was to match the two sets of data Matches 
were made at statistically stable levels and 
the pattern of concurrence is strikingly close 
As m the case of the baby biographies, we 
may be able to construct some sense of the 


person but be unable to dissect and analyze 
our judgments into diagnostic and predictably 
effective categones In spite of slight evidence 
of stability, our inability to make predictions 
of later personality from observations m the 
first three years of life is so much agamst 
good sense and common observation, to say 
nothing of the implication of all developmen- 
tal theories, that the pursuit of predictively 
effective categones of early behavior will 
surely continue unabated 

Laboratory Studies 

The line between sensitive observation in 
natural settings and systematic laboratory 
studies is not easy to draw Defined loosely, 
laboratory studies are distinguished by at- 
tempts to control stimuli and to vaiy them 
systematically, by close attention to the re- 
liablity of response measures, and by the use 
of comparable observations on a fair number 
of infants The use of strict experimental 
procedures, with random assignment of sub- 
jects to differing treatments, has not been a 
distinguishing mark of laboratory studies 
More often, and particularly m the older in- 
fancy work, the laboratory was a setting foi 
carefully controlled and systematic observa- 
tion rather than a place to carry out experi- 
ments of canonical design For instance, the 
early German work represented so well m 
Ganestrim’s (1913) monograph was sensitive 
to consideration of the regularity of stimulus 
presentation and uniformity of response re- 
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cording, but by and large each baby seen was 
offered as many stimuli as age and state of 
wakefulness would permit, in no regular oi dei 
or design Canestnm leports on 279 acoustical 
stimulations m which he used 13 different 
sound-producing sources ranging from 7 oc- 
casions of “a strange person’s whisper” to 53 
presentations of a ringing bell The germinal 
work of Pratt, Nelson, and Sun (1930) rep- 
lesented a furthei refinement of piocedures 
of caieful observation of the infant in a con- 
trolled context Proceduies of observation m 
a laboratory setting have continued to be 
used effectively, particularly m attempts to 
establish norms foi development (Gesell, 
1934, Papousek, 1967) and m observations of 
states of wakefulness and sleep (Dittrichova, 
1964, Prechtl, 1958, Wolff, 1966) 

Systematic psychophysical studies in which 
several values of a stimulus dimension are 
presented in a controlled fashion aie relatively 
rare m the infancy literature Jensens (1932) 
investigation of the infant’s response to taste 
and temperature has long stood as a model 
In his observations on response to salt, foi 
example, Jensen used five levels of salinity 
and repeated his presentation to each infant 
a large number of times The revival of in- 
terest m earlv visual functioning that has 
charactenzed the last decade has led psy- 
chologists of infancy to new attention to the 
use of the strict psychophysical proceduies 
(Hershenson, Kessen, and Munsmgei, 1967) 

The gieat bulk of landom-assignment ex- 
periments on infants, those m the manner so 
common to general psychology, have been 
studies of learning A range of studies from 
Maiquis’ (1941) study of activity change 
under modification of feeding schedule to 
Siqueland and Lipsitt’s (1966) studv of con- 
ditioned head-turning represents the common 
characteristics of experiments with infants 
The use of procedural paradigms tested with 
animals and adults, close attention to control 
of the stimulus conditions and the quantifica- 
tion of response, and generally a commitment 
to an associatiomstic view of the child are 
shared characteristics of experimental studies 
of the newborn, as they are of experimental 
studies of the older infant (Rhein gold, 1956, 
Papousek, 1967, BrackbiH, Fitzgerald, and 
Lmtz, 1967) 

A powerful but rarely used application of 
experimental design is the co-twin study m 


which one member of a twin pair is given 
training or exposuie to stimulation which is 
not available to his sibling (Gesell and 
Thompson, 1929, Strayer, 1930) 

The carefully conti oiled expenment, with 
suitable companson gioups, remains one of 
the most precise instruments available to stu- 
dents of infancy Howevei, its precision and 
ultimate utility aie constrained by the rel- 
evance and generality of the questions posed 
to the pioceduie and it is difficult to lesist the 
conclusion that many experimental studies of 
infant behavioi are legulanzations of com- 
mon sense, or, wozse, laboriously magnified 
obseivations that have the scope of a single 
developmental test item It should also be 
noted that even the most caiefully managed 
experimental studies confound tieatment with 
the effects of age, a geneial chaiactenstie of 
child study which is amplified by the rapid 
development of the infant m the fiist 18 
months of life 

Other Systematic Procedures 

Observation m Natural Settings The work 
of the European animal ethologists (Tmbei- 
gen, 1951, Loienz, 1966) has led to the ap- 
plication of ethological attitudes and proce- 
dures to the study of infants The work of 
Ambrose (1961) and of Spitz and Wolf 
(1946) on smiling, of Bowlby (1958), Rob- 
ertson (1962), and Schaffer (Schaffer and 
Emeison, 1964) on early separation and the 
origins of anxiety, and the woik of Ainsworth 
(1963) on mother-attachment define the 
evolving tradition Clearly, studies of this 
order share many characteristics of proce- 
dures described earhei but the ethological 
dedication to the analysis of naturally oc- 
curring phenomena, lestmg as it does on a 
unique theory of the child, wai rants sepaiate 
mention 

Retrospective Studies Freud’s epochal 
theory of the nature of early infancy is a 
monument to the use of retrospective studies 
to draw conclusions about the first months 
of life His methods of inquiry and pioce- 
dures for inference continue, mutatis mu- 
tandis, m the work of contemporary psycho- 
analysts (clinical studies m Psychoanalytic 
Study of the Child , passim ) In addition to 
retrospective studies of infancy based on the 
recollections of patients m therapy, there is 
a substantial body of literature about infancy 
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drawn fiom the recollection of parents Seais, 
Maccoby, and Levin’s Patterns of Child 
Rearing (1957) is a model for the strategy 

Cross-Cultural Studies Anthropologists, 
paiticularly those influenced by psychoanal- 
ysis, have long been interested m variation 
among cultures m patterns of early develop- 
ment and of early mother-child interaction 
(Mead, 1954, Whiting, 1963, Whiting and 
Child, 1953) Interest m cross-cultural com- 
parison continues to the present, with a 
particular interest on Africa (eg, Ainsworth, 
1963, Geber and Dean, 1959) and such study 
has been given important support by the 
establishment of cooperative groups such as 
the Centre Internationalle de YEnfance 
(Falkner, 1966) 

SEVERAL VIEWS OF THE INFANT 

The diversity of methods used to study 
infancy is well matched by the diversity of 
conclusions diawn by investigators about 
the nature of the young child Because 
of our limited access to the infant ovei 
so important a period of his development, 
because students of infancy come from 
several disciplinary homes and with widely 
varying theories, explicit and implicit, about 
the nature of man, and, centrally, because 
the human infant is so rapidly changing a 
phenomenon and so variable a source of data, 
a visitor from another planet who selected 
landomly from the enormous literature on in- 
fancy would be hard-pressed to recognize 
that a single species was under examination 
Such diversity is not regiettable Perhaps our 
best hope for understanding the infant de- 
pends on our appi caching him fiom several 
sides and with several procedures In order 
to comprehend the pluralism of infancy 
studies, we have divided an overall guide to 
the bibliography into the following sections — 
the infant as an assembly of reflexes , the in- 
fant as emerging behavior, the infant as sen- 
sory surface, the infant as learner, the infant 
as perceiver and thinker , and the infant as 
social partner ♦ Necessarily somewhat arbitrary, 
and unhappily obscuring the overlap that 
exists among categories, the divisions can be 
defended, at least as a device for sorting 
studies and at best as collecting together 
closely related attitudes toward the nature of 


the child and the proper procedures foi 
understanding him 

The Infant as an Assembly of Reflexes 

The remarkable density of studies of re- 
flex activity m the newborn and the young 
infant may plausibly be understood on several 
grounds First, scientific physiology m the 
nineteenth century — that is, the physiology 
of Helmholtz, Dubois-Reymond, and their 
students — depended heavily on the reflex as 
the fundamental unit m their conception of 
man (see Fearing, 1930) Many of the ac- 
ademic neurologists who played an important 
role in early studies of newborn behavior weie 
clearly m the Helmholtzian mold Neurol- 
ogists saw the reflex as the clearest window on 
the diagnosis of biam function Second, al- 
though Wundt and many of his American 
students did not consider leflexive behavioi 
to be a propei part of psychology, the in- 
corporation of Russian reflexology into Amer- 
ican behavioi ism made the study of reflexes 
an important part of developmental study 
Finally, and perhaps of greatest relevance, 
the claiity and regularity of leflex behavior 
stood out from the otherwise chaotic and con- 
fusing activities of the newborn infant m a 
way that made the reflex appear to be the 
obvious and systematic way to undei stand the 
voung infant 

Lists of Reflexes The taxonomic task — 
the description of infantile reflexes — some- 
times takes on the chaiacter of list-making 
Cattaneo (1902) described six reflexes and 
their variation m a pathological sample over 
the first two years of life. Burr in 1921 and 
DeAngehs in 1923 listed “the” half-dozen 
reflexes of early infancy, among Blantons 
(1917) several dozen responses of the first 
month were nearly a scoie that could be seen 
as reflexes, Dennis (1934), the chief bibliog- 
rapher of infancy m the 1930s, brought to- 
gether a list of almost 100 responses of the 
newborn infant, many of which were reflexes 
Descriptive aspects of the work of Andre- 
Thomas and S amt- Anne Daigassies (1960, 
1962), the encyclopedia of Peiper (1963), 
and the standard texts of pediatric neurology 
(eg, Dekaban, 1959) add nchly to our col- 
legation of reflexes A few patterns appeared 
in almost everyone’s list — patellar and ab- 
dominal and cremasteric reflexes, reflexes of 
the foot, reflexes of feeding (especially root- 
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mg, sucking, and swallowing) and crying and 
grasping, and reflexes of the whole body 
(startle and Moro) Yet, beyond these favor- 
ites, investigators have given concentrated at- 
tention to a staggering variety of reflexive 
patterns To illustrate by sampling, Alexander 
(1911) descnbed the nystagmatic response 
to active and passive turning of the baby's 
head, Hollis (1913) described the facial 
grimace of the child about to cry Thornval 
(1921) treated of the nystagmic response to 
water of varying temperatures placed in the 
child's ear, Bauer (1926) described the new- 
borns primitive crawling, Wagner (1938) 
noted the temporal charactenstics of hiccups, 
Stirnimann and Stimimann (1940) assessed 
the grasping reflex of the foot m 1000 infants, 
L0nnum (1956) compaied the abdominal 
skin reflex in newborn infants with its ap- 
pearance m bram-damaged adults, Mitchell 
(1962) presented early developmental data 
on the Landau reflex ( a regular response of 
infants to vential suspension), Par melee 
(1963) descnbed Babkins hand-mouth reflex 
m prematures, Zapella(1963) studied the ap- 
pearance of foot-placing in children under 2 
months of age, Prechtl, Grant, Lenard, and 
Hrbek (1967) made a polygraphic study of 
the lip-tap reflex, and Schmidt, Leurs, and 
Weidtman (1968) presented over 600 ob- 
servations of children m the first 9 months of 
life on the reflexive response of the infant's 
head and back to the stimulus of being flicked 
on the nose 

Of course, almost all investigators of re- 
flexive behavior in the young infant were 
sensitive to two limitations in the view of 
the child as an assembly of reflexes First, not 
all behavior, even in the newborn baby, 
could be conceived as reflexive The earlier 
discussion of general activity (see especially 
the work of Bryan, 1930, Gilmer, 1933, and 
Pratt, 1936) illustrates the troublesome prob- 
lem of "spontaneous" activity Moreover, a 
number of attempts to contrast reflex and 
instinct that appear m the liteiature from 
before Stem (1914) to after Bowlby (1958) 
illustrate the problem of mixed categories 
Second, sensitive observers of behavior that 
can usefully be called reflexive recognized 
that wide variability exists, from occasion to 
occasion and from baby to baby, in the sta- 
bility and reliability of the relation between 
stimulus and response For example, observa- 


tions made in several laboratories on move- 
ments of the head when the baby lies on his 
stomach indicate both the complexity of the 
response and the variety of variables that in- 
fluence it (Prechtl, 1958, Turkewitz, Gordon, 
and Birch, 1965a, 1965b) To be suie, the 
alert infant stimulated on and near the mouth 
will move his head from side to side and 
will often open his mouth and grasp the 
stimulating object with his lips However, it 
has been observed that the lesponse not 
only changes with age (eg, m the definition 
of the area near the mouth that will evoke 
the reflex) but also that the response varies 
widely during a single observation m ampli- 
tude and frequency, that the likelihood of 
eliciting the response depends on the sleep 
state of the baby and on time since last feed- 
ing, and that there is evidence for adaptation 
of the leflex under lepeated stimulation 
Prechtl (1958) has attempted to encompass 
part of the variability m head-turning by 
distinguishing a fixed-form lesponse — side- 
to-side movement — from a variable form re- 
sponse — directed head-turning It is a uniform 
finding m the literature that comparable com- 
plexity is found m other reflexive behavior 
when a close examination is made of response 
topography and conditions of elicitation 

Several groups of reflexes, at one time 
or another over the past 30 years, have re- 
ceived close attention from pediatricians, 
neurologists, and psychologists The reflexes 
of feeding hold first place among these (see, 
m particular Peiper's (1963) remarkable 
treatment of the relation among sucking, 
swallowing, and breathing) and a later sec- 
tion of the present chapter will treat sucking 
m detail 

The Babmski Reflex As noted earlier, the 
reflexive movements of the foot — plantar and 
Babmski — have been favored objects of study 
The Babmski remains an important index of 
abnormality m the functioning of the adult 
cential nervous system (Nathan and Smith, 
1955) but attempts to find clear-cut develop- 
mental patterns have been generally unsuc- 
cessful Bendix (1931) had remarked on the 
relative variety of the Babmski m newborn 
infants and the work of Pratt (1934a, 1934b, 
1934c) demonstiated m thousands of obser- 
vations the variability of the response of 
newborn infants to plantar stimulation Ob- 
serving eight anatomical segments of leg and 
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foot, Pratt found it necessary to list eight 
different patterns of response m order to ac- 
count for just half of the obtained reactions 
Pratt also demonstrated a variability m the 
response dependent on variation m stimulus 
and variation m state and his conclusions 
were generally confiimed m an exhaustive 
analysis of the literature made by Richards 
and Irwin (1934) 

The Moro Reflex as Representative Ex- 
ample Close to the Babmski m level of 
interest aroused among students of the infant 
is the embiacing reflex ( Umklammerungsre - 
flex) described in 1918 by Moro Consider- 
ation of the Moro reflex will lend support to 
the conclusion that staking changes have 
been made over the intervening 50 years in 
technical proceduies for studying infants 
Moro described the lesponse as compnsmg a 
symmetrical moving of the arms away from 
the body followed by a return of both arms 
to midhne, he leported that the reflex was 
elicited by sharply hitting the surface on 
which the child lay and he speculated that 
the response represented a primitive tendency 
of the infant to clasp and cling to the mothei 
In support of his more general proposition 
that the first three months of life represented 
a time of uttei helplessness and dependence, 
Moro noted the disappearance of the Um- 
klammerungsreflex in the second quarter of 
the first year Every aspect of Moro’s some- 
what offhand description of the response has 
been studied in substantial detail Confusion 
of the Moro response with startle patterns 
similar to the startle lesponse of adults con- 
tinued m the literature (eg, Irwin, 1932, 
Wagner, 1938) until the careful photographic 
work of Hunt and his colleagues demon- 
strated that the Moio and the startle pattern 
were distinguishable characteristics of infant 
behavior (Hunt, Clarke, and Hunt, 1936, 
Clarke, Hunt, and Hunt, 1937) As Moro had 
suggested, the response he described is com- 
mon m the newborn period and shortly theie- 
after but becomes less easily observable m 
the thud month and, except m premature and 
damaged infants, has generally disappeared 
by the fifth month of life The startle pattern, 
on the other hand, is rare dui mg the first 
weeks of life (although it can occasionally 
occur as if superimposed on the Moro), in- 
creases in frequency and stability during the 
first years of life and becomes generally in- 


distinguishable from the adult startle pattern 
McGraw (1937) treated the disappearance 
of the Moro and the appearance of the startle 
as the development of a single process, but 
her findings aie compatible with the interpre- 
tation made by Hunt 

Argument has persisted too on the ad- 
equate stimulus for eliciting the Moro re- 
sponse Besides the original disturbance to 
equilibrium, it has been observed that loud 
sounds, changes of position, and changes of 
temperature will also provoke the reaction 
(see Mitchell, 1960, for a summary state- 
ment) Peiper has maintained that the vestib- 
ular apparatus was critical m stimulating the 
response while Andre-Thomas has supported 
the involvement of stretch receptors in the 
muscles of the neck Apparently critical stud- 
ies reported by Prechtl (1965) indicate that 
either stimulus will produce the Moro even 
in the absence of the other 

The functional significance of the Moro 
reflex remains in some doubt Although some 
commentators have argued with Moro's in- 
terpretation of the response as related to 
primate clinging (Goldstein, Landis, Hunt, 
and Clarke, 1938), recent observations by 
Prechtl (1965) suggest that Moro was not 
far off the mark Prechtl found that when 
head-drop stimulation is given an infant while 
his palmar grasp reflex is being stimulated, 
the "clinging” component of the response is 
stiongly facilitated, Prechtl is of the opinion 
that the conditions under which the response 
is ordmanly elicited are not biologically ad- 
equate but that, weie the baby clinging to a 
maternal surface, loss of support would prop- 
erly elicit increased abduction and grasping 
The 12- channel electromyographic .record 
that Prechtl uses to support his conclusion is 
a long distance from Moro’s brief verbal 
sketch and we surely know far more about 
the precise conditions of elicitation and the 
precise form of the response than was known 
50 years ago It is, however, not altogether 
obvious that our understanding of the Moro 
lesponse m the context of the baby's other 
behavior has been significantly advanced 

The Grasp Reflex Study of the infantile 
grasp reflex shows, perhaps even more 
strikingly than the Moro, the process of 
making precise what was a relatively casual 
but accurate observation An English medical 
officer named Robinson reported an “infantile 
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atavism” m 1891 He reported that newborn 
infants could support then own weight when 
suspended and he published a photograph of 
a child clinging to a leafy tree branch m ex- 
pression of Robinson’s conviction that the 
response was related to our having a "qua- 
drumanous ancestor” The grasp lesponse was 
noted by many investigators and Richtei 
(1934) systematically observed that the new- 
born human being could hang by two hands 
for a minute or so, although there was the 
usual great variability from subject to subject 
and from occasion to occasion Myrtle Mc- 
Graw (1940) observed nearly 100 children 
between the newborn period and 7 years of 
age to demonstrate the triphasic development 
of the reflex She found foi grasping, as she had 
found for the Moro-startle pattern, that the 
infant’s ability to support his weight was rel- 
atively high during the first weeks of life, 
dechned to a verv low level after the fiist 
half year and then became steadily bettei in 
'Voluntary or deliberate” suspension from 
age 1 to age 7 In hei sample, childien did 
not achieve again until age 5 the capacity to 
support themselves that was characteristic of 
a baby at age 40 days The gains since Rob- 
inson’s observations have been substantial and 
largely m refinement of early accounts 
Reflexes, the Brain, and Psychology Moro’s 
emphasis on the importance of the first three 
months of life foi nervous system develop- 
ment leflected the general opinion among 
neurologists, best expressed by Flechsig 
(1920) , that the newborn was unfinished and 
that birth maiked only a midway point in the 
myelimzation and functioning of cerebral 
pathways The process that began m the fifth 
fetal month neared its completion only m the 
fourth postnatal month Although a few lad- 
lcal behavionsts spoke of learning reflexes 
(Hollingsworth, 1928, Kuo, 1924), many ob- 
servers of the young infant believed that the 
changes m behavior observed during the first 
months of life could be largely ascribable to 
anatomical changes m the central nervous 
system (see, for example, Catel, 1932, who 
referred to the newborn as "an incomplete 
and helpless creature”) , Much of the interest 
in the infant as an assembly of reflexes has 
derived from the concern of neurologists to 
chart normal development and, even more 
critically, to detect pathological development 
The work of Peiper (1983), of Andr<§- 


Thomas and Saint- Anne Dargassies (1960, 
1962), and the continuing concern of neurol- 
ogists m reflexive behavioi (Dekaban, 1959, 
Fiorentmo, 1963) are, m large measure, at- 
tempts to build a lesearch basis for clinical 
neurology The infant m the early weeks of 
life, m this view, has been seen as a struc- 
turally incomplete organism (Conel, passim) 
and the observation of leflexes has been m 
demonstration of cerebral insufficiency Even 
Andi e-Thomas, sensitive to the continual de- 
velopment that connects earlv infantile be- 
havior with the complexity of the older child, 
wrote about the instability of the baby’s "first 
impressions” (Andre-Thomas, 1954), and 
Peiper (1963) is unequivocating m his con- 
clusion that the "mature newborn infant is a 
pallidum creatuie without functional cerebral 
hemispheres” although "the most important 
neurological differences between newborn in- 
fants and adults have already disappeaied at 
the end of the first yeai of life ” 

What then is the place of the leflex m the 
psychology of eaily infancy? Is the enormous 
literature on reflexes to be seen as leflectmg 
merely the life-keeping economy of the young 
child, a collection, m Prechtl’s keen phrase, 
of "phylogenetic relicts”? Titchenei long ago 
posed the issue sharply 

The human infant, in particular as the 
incomplete form of a very highly developed 
organism, embodies two courses of develop- 
ment, a phylogenetic and an ontogenetic, m 
their most complex modes The newborn 
child hangs to your finger, supporting its full 
weight upon its arms, the boy, a few years 
later, will hang in like manner fiom the hor- 
izontal bar While both performances are 
conditioned on racial inheritance, the later is 
not the direct outgiowth of the earlier, and 
we should go widely astray if we azgued from 
likeness of form to continuity in ontogenesis 
(1909) 

At the very least, Titchener’s implied request 
for an empnzcal demonstration of the con- 
nection between behavior m the first weeks 
of life and later characteristics of human 
beings has not been persuasively answered 
Reflex behavior plays a role in the study of 
the child as emergent behavior, as a marker 
of sensory competence, as the first link in 
studies of learning, and as a theoretical idea 
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of some power m the woik of Piaget Yet, 
sucking aside, the literatuie of infancy is 
strangely quiet about demonstrating the con- 
tinuity, for the normal child, between early 
leflexive behavior and significant social and 
cognitive behavior of later life 

The Infant as Emergent Behavior 

Emergent behavior is proposed as a cat- 
egory to contain responses which develop m 
a regular age-related fashion through the 
first 18 months of life The development of 
prone locomotion is the piototypical example, 
perhaps, of emergent behavior, Arnold Gesell 
was certainly the chief architect and po- 
lemicist of the view of the child as a system 
of naturally emerging behavioi Gesell’s in- 
terest, like that of the neurologist of early 
reflexive behavior, was to chart the couise 
of changes m behavior uniformly character- 
istic of the human species and tightly tied 
to age 

All things consideied, the inevitableness 
and surety of matuiation are the most im- 
pressive characteristic of early development 
It is the hereditary ballast which conserves 
and stabilizes the growth of each individual 
infant [Without it] the infant would be 
a victim of flaccid malleability (Ge- 
sell, 1928) 

Certainly Gesell had reason to be enthusi- 
astic about age-related behavior in infancy 
Even a casual survey of the developmental 
tests mentioned earlier m this chapter pro- 
vides a long list of responses that share two 
critical characteristics — very nearly universal 
appearance in human beings and a very sharp 
rise m probability of occurrence as a function 
of age Among the countless possible ex- 
amples, consider a typical observation by M 
C Jones (1926) (no radical maturationalisd ) 
made on a group of several hundred Amer- 
ican children Of the babies studied, 25% 
blinked at the approach of an object by the 
end of the second month, 75% blinked at the 
end of the third month, the dates of the first 
and third quartiles in Jones’ sample for sitting 
were 205 days and 250 days, and other 
examples can be supplied at length Of 
course, the regularity of occurrence does not 
explain itself, students of infancy remain 
divided m the emphasis they give to autoch- 


thonous physiological factois, on one hand, 
and to species-general uniformities m the en- 
vironment of young children, on the other 
Whatevei the point of departuie, however, 
the study of the infant as emerging behavior 
has been a major theme of psychology through 
the twentieth centuiy In addition to the 
normative studies descnbed earlier — those 
largely aimed at the construction of test items 
— theie are a large number of more highly 
focussed and detailed studies of emeigent be- 
havioi m the literature The following sketch 
of several aieas of investigation will serve to 
illustrate the lange of method and findings 
Prone Progression Trettien ( 1900) an- 
alyzed about 200 responses to a syllabus 
(questionnaire) of G Stanley Hall’s on creep- 
ing and walking Although his conclusions 
may seem somewhat ovei drawn today — for 
example, he maintained that, in assuming the 
upright position, man expresses “the limit of 
organic evolution” — his observations on the 
sequence, timing, and variety of locomotor 
responses conform to later reports Careful 
tracings of motion photogiaphy permitted 
Burnside (1927) to describe the topographv 
of eaily locomotion m fine detail The two 
classic studies of locomotion appealed in 
1940 Gesell and Ames (1940) used motion 
photography to distinguish 23 stages of prone 
behavior organized into 4 cycles during the 
fiist 60 weeks of life The first cycle ended 
with pivoting on the stomach at about 30 
weeks, the second with creeping at 45 weeks, 
the third with “plantigrade progression” at 
50 weeks, and the fourth with walking at 60 
weeks. Gesell and Ames also attempted to 
give some intei pretation to their observations 
by the use of the spiraling notion of recip- 
rocal interweaving McGraw (1940) orga- 
nized her 3000 observations of 82 infants m 
the first 5 years of life to demonstrate 7 “dis- 
tinct phases” m the development of loco- 
motion fiom reflex stepping in the newborn to 
the mature walking characteristic of children 
at the beginning of the thud year Like Gesell 
and Ames, she put the peak time of “deliber- 
ate stepping” at about 60 weeks of life 
McGraw’s study at once illustrates the reg- 
ularity of behavioral sequences m young in- 
fants and the economy of description possible 
when scoring categories are carefully selected 
The explanatory scheme imposed on her data 
by McGraw involved quasi-neurological con- 
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siderations of cortical inhibition and integra- 
tion Studies of motor development that con- 
centrate on the first months of life (eg, 
Bergeron, 1938, 1948) have emphasized the 
stabilization of behavior at about three 
months that has been so commonly observed 
m reflexive behavior 

Although, as noted earlier, lacial or cul- 
tural differences have been found m earlier 
motor behavior, sketchy available evidence 
suggests that age of walking is a remarkably 
stable human characteristic (Smith, Lecker, 
Dunlap, and Cureton, 1930) except under 
conditions of gieat deficit of environmental 
support (Dennis and Najarian, 1957) 

Prehensile Skill The work of Halverson 
(1931-1937) on grasping patterns m the 
first year of life is perhaps the most carefully 
documented account of emergent infantile be- 
havior Based largely on the analysis of pho- 
tographic recoids using both longitudinal and 
cioss-sectional procedures and piesentmg the 
child with vaiymg stimulus materials, Hal- 
verson has presented verbally and pictonally 
a very nearly full description of early prehen- 
sion Other investigators have gone beyond 
Halverson's taxonomic account of sequence 
and topography Stirmmann (1941), noting the 
differences between the newborn's grasp of a 
human finger and his grasp of similar artifical 
stimuli, concluded that early grasping must 
be understood as the first expression of a 
social drive In a preliminary report of le- 
search, Bruner (1968) again has emphasized 
the important role that the interaction of 
grasping, vision, and sucking play m early 
development of mind (see also Piaget, 1936, 
1937) Studies of bilaterality and early hand- 
preference have shown that early bilateiality 
observed m the tonic-neck reflex (Ames, 
1949) is succeeded by a period of mixed 
preference with clear tendencies for a single 
hand to be more active emeigmg only after 
6 months of age (Lippman, 1927, Ames, 
1949; Flament, 1963, Haith, Kessen, and 
Collins, 1969) Some evidence suggests that 
handedness is related both to genetic and to 
intrauterine factors (Churchill, Igna, and 
Senf, 1962) 

Crying and the Development of Affect 
The study of early emotional development 
shows none of the clarity and stability that 
characterizes studies of locomotion and pre- 
hension Newborn crying has been described 


in some detail (Aldridge, Sung, and Knop, 
1945a, 1945b, 1945c, Aldridge, Norval, 
Knop, and Venegas, 1946) with the data in- 
dicating the relevance of feeding cycle (babies 
cry most just before feeding), the sensitivity 
of ciying to care-taking loutmes (crying can 
be halved by moderate mci eases m amount of 
nuismg care), and the absence of contagion 
from the crying of one infant to that of 
others Crying has been shown to be inhibited 
both by feeding (Marquis, 1943) and by 
nonnutritive sucking (Cohen, 1967) There is 
formal evidence in support of the common 
observation that crying can be reduced by 
holding the baby (Peiper, 1963) and by 
continuous auditory stimulation (Salk, 1961, 
Brackbill, Adams, Crowell, and Gray, 1966) 
Attempts to find evidence linking amount of 
crying to chaiactenstics of delivery have 
been generally unsuccessful (Ruja, 1948) 

The development of technically advanced 
devices for recording the sounds of crying 
(Fisichelli, Karehtz, Eichbauer, and Rosen- 
feld, 1961) piomises more diffeientiatmg ob- 
servations on early crying The relation of 
ciying and other eaily vocalizations to infant 
speech has been examined by Lewis -( 1951), 
Murai (1960), and Bullowa, Jones, and 
Bever (1964), among others 
The peculiar asynchrony between the in- 
fant's reflexive response to a painful stimulus 
and his latei crying has been noted (Taylor- 
Jones, 1927, Peiper, 1963) and the proposal 
has been made that motor and autonomic 
components of the infant's response to pam 
may be initially somewhat independent (Levy, 
1960, Kessen and Mandler, 1961) The most 
systematic treatment of the development of 
affect in the first months particularly m 1 ela- 
tion to pam has been given by Andre-Thomas 
(1954, Andi e-Thomas and Autgaerden, 
1959) He describes the change from early 
polar extremes of affect (simple approach and 
withdrawal) to later subtle and socialized 
affectmty (affection and sympathy on one 
side, defense and counterattack on the other) 
Othei attempts to make some sense of early 
affective development have been made by 
Schmale (1964) and by Spitz (1965) 
Schmale (1964) emphasizes the primacy of 
anxiety as affect and charts a possible course 
for the development of the infant's sense of 
helplessness Spitz proposes that three "orga- 
nizers," comparable to the physiological or- 



HUMAN INFANCY A BIBLIOGRAPHY AND GUIDE 317 


gamzers of embryological development, mark 
emotional change in the first year of life The 
baby's fust social smile, his anxiety at 8 
months, and his head-shaking sign of negation 
are, m Spitz's view, benchmarks for early 
emotional diffeientiation 
With the exception of smiling and othei 
signs of attachment, the empmcal base 
for the early differentiation of emotional ex- 
pression is shaky Most secondaiy souices 
depend on the work of Bridges (1931—1937), 
who described a differentiating branching of 
emotional expiession from initial excitement 
to later excitement and distiess to still latei 
excitement, distress, and delight, and finally 
to a wide lange of emotional expression at 
2 yeais of age (Budges, 1932) She pioposed 
an analogous ontogenesis in pnmary dnves 
(Bridges, 1936) Acceptance of Budges' sim- 
ple scheme must be guarded by consideiation 
that her samples were small, that the children 
observed were institutionalized foundlings, 
and that criteria for assignment to categories 
were ill-defined Darwin's (1877) and Mis 
Hall's (1896, 1897) biographical accounts of 
emotional development are moie persuasive 
than Bridges' appaiently systematic assess- 
ment, a contrast which diamatizes the need 
for an adequate descnptive account of emo- 
tional development in infancy 

Sleep With the care for detail charactenstic 
of her time, Wagnei (1937, 1938, 1939) 
studied newborn sleep She used records of 
gross movement, eye movement, and mouth 
movement to establish seven levels of the 
sleep-waking dimension and she assessed the 
infant's responsiveness under each level of 
stage to stimuli in several sensory modalities 
In spite of wide vanability within and be- 
tween subjects, she found that deep sleep 
(the condition of infants about 13% of the 
time) was relatively easy to judge, that “body 
jerks" were most fiequent m light sleep, and 
that the baby was uniformly more responsive 
as motility mci eased Reynard and Dockeray 
(1939), on evidence from stabilimetiic rec- 
ords, concluded that “complete waking” and 
deep sleep were easily recognized and tended 
to persist ovei time but that no clear transition 
patteins could be established foi their five 
intermediate stages More lecently, Brown 
(1964) and Wolff (1966) have proposed 
quite similar categorizations of sleep-wakmg 
with emphasis on patterns of lespiration and 


motility Wolff's observations led him to con- 
clude that the infant is likely to be responsive 
to exteinal stimuli moie dunng intermediate 
states than while deeply asleep or veiy active 
and that spontaneous motor patteins such 
as staitles, mouthing, sobbing respirations, 
and erections occui rhythmically and most 
often under conditions of minimal external 
and visceral stimulation Electroencephalo- 
graphic maikeis of the development of sleep 
over the first 18 months of life have also been 
reported (Mnzoyants, 1961) 

Studies of the development of sleep pat- 
terns m the first year of life leveal some 
congiuent findings Childien m the first weeks 
of life sleep between 14 and 15 hours each 
day (Irwin, 1934, Kleitman and Englemann, 
1953, Parmelee, Schulz, and Disbiow, 1961), 
within the majoi diurnal rhythm theie appear 
a numbei of minor rhythms Night sleep goes 
from about 60% of the total in the first weeks 
to about 80% oi even higher at 18 months 
(Irwin, 1934, Kleitman and Englemann, 
1953) The duration of the longest single 
period of sleep (on a criterion that included 
light and deep sleep) mci eases fiom about 
4 y 2 hours m the first days of life (Parmelee 
et al , 1961) to over 10 hours by the twenty- 
fifth week (Parmelee, 1961) Regular cycles 
of shorter duiation also appear Tcheng and 
Laioche (1965) found, m childien up to 2 
months of age, cycles of activity that lasted 
about 70 minutes Penods of deep sleep ap- 
pioximately 21 minutes long were bounded 
on eithei side by periods of “half-sleep" of 
appioximately equal duration Then findings 
aie congruent with those Asennsky and Kleit- 
mann (1955) who, on criteria of gross motil- 
ity and eye movements, described deep-sleep 
penods of about 24 minutes within a more 
variable motility cycle of about 1 hour, and 
with those of Weitzman, Fishbein, and Gra- 
ziam (1965) Dittiichova (1964) observed 
12 infants over the first 24 weeks of their 
lives She lepoited diamatic and abiupt 
changes m the third month of life when 
babies begin to manipulate toys, begin to 
vocalize comfort sounds, and decrease then 
ciying markedly Hellbrugge, Lange, Ehren- 
gut, Rutenfianz, and Stehi (1964) have 
diawn together available evidence on sleep 
and other cncadian lhythms and have con- 
cluded that, although the sleep-wake cycle 
begins to stabilize m the thud week of life, 
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the natuial periodicity of the newborn infant 
(approximately 24 4 hours in duiation) does 
not become adapted to a 24-hour cycle until 
well mto the sixth month of life Roffwarg, 
Muzio, and Dement (1966) have presented 
evidence that rapid-eye-movement (REM) 
sleep (so-called “dreaming” sleep) occupies 
almost half the sleep time of newborn infants 
and deci eases rapidly to about one-quarter of 
the sleep time of children of 2 years They 
piopose, m explanation of so puzzling a find- 
ing, that endogenous neuial activity underlying 
REM sleep prepaies the higher centers of the 
late fetus and newborn “to handle the enor- 
mous rush of stimulations” encounteied after 
birth 

Besides the empirically demonstrated pat- 
terns of emerging behavior in infants, only a 
small fraction of which are lepresented m the 
foregoing account, there are implicit or as- 
serted propositions about age-related change 
(maturation) m all theories of psychological 
development In the psychoanalytic theory of 
psychosexual development (Freud, 1905, 
Enkson, 1955), in Piaget’s account of cogni- 
tive development (Piaget, 1936), and among 
the psychologists primarily interested m learn- 
ing (eg, Spiker, 1966) recognition has been 
shown, with greater oi less precision, of the 
importance of species-general and age-related 
changes m early behavior that cannot be 
positively accounted foi with available models 
foi environmental impact In the specialized 
studies of particular emerging behavioral pat- 
terns and m the more general catalogue of 
the developmental test, a detailed profile of 
early human development can be seen 

The Infant as Sensory Surface 

Beyond the clinical concern with adequate 
functioning of sensory systems in the infant, 
there are two related intellectual souices of 
psychology’s concern with the infant as a 
sensory surface The antecedents of academic 
psychology m the sensory physiology of the 
nineteenth century joined well with the sys- 
tematic associatiomsm of American psychology 
that looked for all important behavioral con- 
trol m the history of environmental impart 
From Preyer’s (1880) careful treatment of 
sensation to the present, there has been a 
connected tradition of research on the in- 
fant’s sensory capacities 

The earlier discussions of reflexive and 


emergent behavior necessarily involved a rec- 
ognition of sensory piocess The vestibular 
change that elicits the Moio lesponse, the 
bright light that causes pupillary contraction, 
the dangling ring or the pile of cubes that 
aie piesented m a developmental test, and 
the parental command all measuie to some 
degree the infants ability to detect and pro- 
cess sensory mfoimation Early reflexive be- 
havior, m particular, involves the infant’s 
ability to respond to labyiinthme, deep-touch, 
and kinesthetic stimulation A survey of the 
classical literature on the reflexes and on 
emergent behavior might, taken altogether 
provide an index to the infant’s receptive 
capacities Howevei, so atti active a solution 
is not feasible for at least three leasons The 
liteiature lepresented m the preceding two 
sections does not commonly use standard 
stimuli, it only larely involves comparable 
lesponse measures, and it is generally insen- 
sitive to vanations m the state of the infant 
and the context of stimulation These limita- 
tions are shared with many investigations 
aimed dnectly at the study of sensory func- 
tion Moreover, as will be seen, many studies 
of infantile sensation give insufficient room 
to epistemological issues and to parametric 
variation The fust of these problems was 
alluded to earlier m a discussion of the con- 
tiasts among stimulation, world, and reality 
Psychologists of infancy will probably miss 
some of the most fascinating pioblems of 
early development and, moie, they may be 
led mto eiror if they assume that the sur- 
round of the infant can be most economically 
organized m terms of physicalistic description 
of stimuli or m terms of common objects 

Although the epistemological difficulties 
seem esotenc and dispensible to empiricist 
psychologists, the rarity of parametric study 
of stimulus dimensions cannot be lightly ig- 
nored After a century of research, it is no 
longer profound to assert that the young infant 
responds (oi does not respond) to a particulai 
configuration of the envnonment A full ac- 
count of infancy requires, rathei, systematic 
variation of envnonmental variables; m the 
blessed case, the dimensions of variation are 
drawn fiom a conceptual analysis of the 
baby’s nature 

Excellent summaries of the literatme on 
sensory functioning in the newborn and young 
infant are available and no attempt will be 
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made to duplicate them here Preyer (1880) 
presents a good summary of nineteenth-cen- 
tury and earlier studies, Peiper (1963) 
brings together European studies up to 1950, 
and Pratt's (1954) chapter on the newborn 
in the second edition of Carmichael’s Manual 
concentrated heavily on the sensory capabil- 
ities of the infant Work since the mid-1950s 
has not been unifoimly distributed across age 
or modality The chaiactenstic primacy of 
newborn studies continues and, even more 
strikingly, vision has received more attention 
than all other sensory channels Because eaily 
visual development has been at a focus of 
recent lesearch and because a detailed treat- 
ment of vision illustrates more general prob- 
lems of method and inference, a later section 
of the present chapter will be given over to 
a consideration of research on eaily visual de- 
velopment Here, audition and the othei 
senses will be treated briefly 

Audition From Pieyei’s (1880) first 
doubts about the newborn infant’s ability to 
hear at all, there has been a connected senes 
of studies by physicians and psychologists on 
auditory functioning m the infant As usual, 
the range of interest is from clinical proce- 
dures for detecting deafness to issues of 
epistemological implications about the infant’s 
first conceptions of space 
Clinical Tests of Hearing All techniques 
used to study audition in the infant are, m a 
sense, available for clinical application, but 
some investigators have focused sharply on 
the problem of devising ways of diagnosing 
hearing loss eaily m infancy Demetnades 
(1923) reviewed the available work on heal- 
ing and added his own observations that most 
children would blink to the sound of a tuning 
folk within the first 24 houis of life Condi- 
tioning of foot-withdiawal was used by Aldrich 
(1928) to show auditory sensitivity m a 3- 
month-old child Typical of screening proce- 
dures used are those described by Fioeschels 
and Beebe (1946), who found a positive 
response of almost all their observed new- 
borns to complex whistles, and by Hardy, 
Dougheity, and Hardy (1959), who studied 
the capacity of a large number of complex 
sound makers to distract children in the first 
weeks of life Recently, Goodman, Appelby, 
Scott, and Ireland (1964) and Weitzman, 
et al (1965) have used computer-analyzed 
EEG i espouses to repeated sounds as an index 


of auditory sensitivity In both studies, all 
newborn infants observed showed a recog- 
nizable evoked response Richmond, Gross- 
man, and Lustman (1953) returned to blink- 
ing as a response to intense (113 db) sounds 
as evidence for infantile heanng 

Dimensions of the Stimulus To what as- 
pects of the auditory stimulus is the infant 
sensitive? A clear answei to so reasonable a 
question is difficult for several reasons Often 
researchers have used complex natural sounds 
that do not submit readily to dimensional 
analysis — the squeak of a rubbei rat (Miller, 
Schweinitz, and Goetzmger, 1963), the crin- 
kling of paper (Eisenbeig, Guffin, Coursin, 
and Hunter, 1964) , and miscellaneous "sound- 
makeis” (Ewing, 1947) Even when some 
care is taken to specify the stimulus, how- 
ever, variation m the conditions of observation 
make impossible the statement of parametric 
values (see Eisenberg, 1965, for a discussion 
of problems m conti oiling auditoiy signals) 
Consider the baby’s response to vanations m 
frequency Maigmal diffeiential responses to 
fiequency vaiiation or none at all have been 
repoited by Stubbs (1934), who observed 
breathing and activitv changes, by Keen 
(1965), who observed sucking, by Goodman 
et al (1964), who observed evoked cortical 
potentials, and by Leventhal and Lipsitt 
(1964), who observed changes m movement 
and bieathmg On the other hand, Haller 
(1932) reported that infants were disturbed 
by high pitch, Bronshtein, Antonova, Kamen- 
etskaya, Luppova, and Sytova (1958) re- 
ported lather fine tuning of sucking-inhibition 
to variations m freqeuncy, Eisenbeig et al 
(1964) reported that high-fiequency sounds 
provoked unique behavior, Eisenberg (1965) 
suggested that the infant is differentially 
tuned to frequencies in the range of human 
speech (500-900 cycles per second), and 
Birns, Blank, Bndgei, and Escalona (1965) 
reported that a low-frequency tone (perhaps 
150 cycles per second) more effectively in- 
hibited behavioi than did a high-frequency 
tone (500 cycles per second) m infants under 
high arousal Kasatkin and Levikova (1935) 
used conditioning procedures m showing that 
3-month-old infants could differentiate pure 
tones about an octave apart The studies can- 
not be systematically compared with one an- 
other and no study — with the possible ex- 
ception of Bronshtein et al (1958) — is of 



320 W KESSEN, M M HAITH AND P H S ALAPATEK 


sufficient scope to justify a summary state- 
ment about the infant's sensitivity to fre- 
quency 

Somewhat less ambiguous statements can 
be made about the infant's response to in- 
tensity of sound although here, too, interpre- 
tation is made difficult by the existence of 
unknown differences among laboi atones, par- 
ticularly m the level of ambient baseline 
noise Early investigators (eg, Froeschels 
and Beebe, 1946, Haller, 1932, Stubbs, 1934) 
agreed that a high-mtensity tone was more 
likely to pi ovoke a response by the baby than 
a low-intensity tone Moie lecent studies have 
moved toward the statement of more subtle 
functional lelations Foi example, several 
studies suggest that infants increase then 
likelihood of response quite sharply at about 
60 decibels of intensity, again assuming a 
relatively low level of ambient noise (Barto- 
shuk, 1964, Eisenberg, 1965, Stemschneider, 
Lipton, and Richmond, 1966) The relation 
between intensity and lesponse foi sounds 
above threshhold has also been studied Stem- 
schneider et al (1966) found that geneial 
motor responsivity increased with increasing 
intensity between 55 and 100 decibels and 
that aspects of the cardiac response also 
showed systematic change Respuatory be- 
havior also changed systematically with in- 
tensity (Stemschneidei, 1968) From his 
finding of a relation between heart rate and 
sound intensity between 48 and 78 decibels, 
Bartoshuk (1964) fitted a power function to 
his results Barnet and Goodwin (1965) found 
no systematic relation between caidiac change 
and mtensity but they leported that the am- 
plitude of a component of the coitical-evoked 
lesponse changed hneaily with stimulus in- 
tensity The emerging simplicities become 
tangled again by suggestions that the baby's 
left and light ears differ in sensitivity and 
that he may show orientation toward rel- 
atively low-intensity tones and orientation 
away from high-intensity tones (Turkewitz, 
Birch, Moreau, Levy, and Cornwell, 1966) 

A number of attempts have been made to 
assess the role of other stimulus dimensions — 
in particular duration (Keen, 1965, Stubbs, 
1934) and complexity (Eisenberg et al, 
1964) — but agreed-on summary statements 
have not developed The great interest shown 
over the last decade m the habituation of the 


infant's response to repeated sounds is re- 
counted latei m this chapter 

Orientation toward Sound The ability of 
children to turn their head and eyes appro- 
priately toward a sound presented at their left 
or at their light seems to be well established 
by about 6 months of age (Chun, Pawsat, 
and Forster, 1960) The question arises, for 
a response so important to the organization 
of space, at what age and undei what circum- 
stances infants first show sound localization 
Almost casual references to the newborn in- 
fant's orientation of head and eyes toward the 
source of the sound appear m the literature 
(eg, Froeshels and Beebe, 1946) and in- 
terest in the issue was lenewed bv Wer- 
theimer's (1961) observation of appropriate 
lateral eye-movement m a 10-mmute-old 
child Leventhal and Lipsitt (1964), m a 
study of adaptation and lecovery of move- 
ment, found evidence of differentiation of 
location of sound Following Schneirla's 
(1959) proposals about the i elation of ap- 
proach and intensity of stimulation, Turke- 
witz et al (1966) showed a systematic rela- 
tion between eye movement and location of 
auditory stimulation but had to call on dif- 
ferential sensitivity of the two ears m order 
to comprehend then findings Turkewitz, 
Moieau, and Biich (1966) have furthei sug- 
gested that differential lateral responsiveness 
may be accounted foi not so much by an 
innate connection between visual and audi- 
tory systems but by the asymmetrical position 
of the head (and assumed diffeiential adap- 
tation to ambient sounds) immediately befoie 
testing With both electiomyogiaphic and 
photographic procedures available for the 
precise study of eye movements, furthei stud- 
ies of early localization and its control are 
called for 

State, Arousal , and Quieting Unifoimly, 
investigators agree that the baby's state of 
arousal oi wakefulness is important m detei- 
mining his response to sound stimulation 
Pratt ( 1934) , for example, found that whethei 
the baby was wet or dry, awake oi asleep, 
was far more influential than variation m 
stimulus characteristics The difficulty of in- 
terpreting an increase m activity for a quiet 
baby and a decrease m activity for an active 
baby (whether as regression toward the mean 
or a representing the "law of initial value") 
appeared m Haller's (1932) observation that 
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her sounds caused more “comfort” responses 
in crying babies and more “discomfort” re- 
sponses in sleeping babies and babies quietly 
awake Stubbs (1934) found the greatest 
change in activity when the babies were 
awake and silent, less response when they 
were asleep or crying With a very intense 
stimulus, Richmond, et al (1953) found 
blinking almost invariably m light sleep, less 
often m deep sleep, and least of all when the 
baby was actively nuismg Bainet and Good- 
win (1965) found larger evoked EEG re- 
sponses during deep sleep than dui mg light 
sleep Birns et al (1965) made then ob- 
servations of auditory sensitivity only under 
conditions of high aiousal The complexities 
and confusions of the literatuie connecting 
auditory responsiveness to variations m state 
cannot be systematically clanfied without fui- 
ther regularization of the indicators of vari- 
ation m state 

The common observation that babies quiet 
to rhythmic stimulation has been subjected 
to more careful analysis in lesponse to Salk’s 
(1962) assertion that the infant was im- 
printed on the mothers heait beat Salk ob- 
served that the presence of recorded heart 
beats during the first days of life resulted m 
increased weight gam and less crying A fail- 
ure to replicate Salk’s findings by Tulloch, 
Brown, Jacobs, Prugh, and Gieene (1964) 
used stimuli of such different intensity from 
his that a firm conclusion cannot be drawn 
However, Biackbill et al (1966) have made 
careful controlled observations of the effects 
of rhythmic sound and have concluded that, 
although sounds demonstrably reduce crying 
and heart late, no special virtue attaches to 
heart beat over other rhythmic sounds 

Changes with Age The response of fetuses 
to sound has been repoited by Forbes and 
Forbes (1927) and by Sontag and Wallace 
(1935) Chun et al (1960) reported the 
increasing ability of infants m the first yeai 
of life to localize sounds and they concluded, 
as noted earlier, that the ability was clearly 
demonstrable at 26 weeks of age Children of 
3, 4, and 5 months of age were studied by 
Miller et al (1963) under stimulation with 
complex sounds The procedure was held to 
be ineffective diagnostically for younger chil- 
dren but sensitive to developmetal change in 
the period studied 

Individual Differences . Stable individual 


variation m the responsiveness of young in- 
fants to sounds have been reported by, among 
others, Birns (1965), Bndger (1961), and 
Stemschneider et al (1966) 

Other Senses The volume of research on 
vision and hearing m young infants may not 
properly represent their importance m the 
economy of the child Stone and Bakwin 
(1948) emphasized the role of experience m 
the development of vision and audition and 
asserted that “the other senses require no 
expenence and appear to be highly meaning- 
ful to the young baby ” The centiahty of vi- 
sion and hearing has also been denied by 
Baldenweck and Guy-Ainand (1940), who 
made the even stronger asseition that “only 
the vestibular apparatus seems to be as 
adapted to its function at birth as it will evei 
be” Nonetheless, it is a fact of the liteiature 
that, although tactile sensitivity and kines- 
thetic sensitivity are implicitly under study m 
a large number of investigations, systematic 
assessment of the senses other than vision and 
hearing have been lare 

In studies of olfaction , Engen, Lipsitt, and 
Kaye (1963) and Lipsitt, Engen, and Kaye 
(1963) reported changes m threshhold to 
asafoetida over the first days of life and 
differentiating response to acetic acid, anise, 
asafoetida, and phenylethyl alcohol Studies 
of olfaction, m infants as m adults, suffei from 
the difficulties of matching intensities of dif- 
ferent chemical substances and from the un- 
usually fast adaptation time of the leceptoi 
Jensen’s (1932) defining study of taste has 
already been described Other studies of sen- 
sitivity to temperature change range from the 
effects of clothing on activity by Irwin and 
Weiss (1934) tQ Usol’tsev and Terekhova’s 
(1958) use of thermal conditioned stimuli 
The Russian investigators found that both 
warm and cold stimuli showed broad general- 
ization gradients and babies even up to 6 
months of age had difficulty in differentiating 
among thermal stimuli Crudden (1937) and 
Stirnimann (1939) demonstrated that new- 
born infants respond to both waim and cold 
stimulation, Stirnimann’s conclusion that 
babies approach warm stimuli and withdraw 
from cold has not been replicated Babies 
have also been shown to adjust the total 
number of calories taken m food with changes 
m ambient temperature (Cooke, 1952) 
Tactile sensitivity is, of course, assessed 
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with every stimulation of the rooting reflex or 
the head-turning leflex and with stimulation 
to produce many othei localized responses of 
the baby Lustman (1956) and Bndger and 
Reiser (1959) have used air-stream stimula- 
tion to assess body-part and individual van- 
ation m tactile sensitivity Several mvestigatois 
have examined the baby’s response to electro- 
tactual stimulation Lipsitt and Levy (1959) 
reported that electrotactual threshold de- 
ci eases over the first days of life and a study 
of Kaye and Lipsitt (1964) showed that the 
early change m threshold could not be 
accounted for by changes m basal skm con- 
ductance Evidence for habituation to elec- 
trotactual stimulation (i e , increase m thresh- 
old with repeated stimulation over the first 
days of life) has been presented by Gulick- 
son and Crowell (1964) The possibility of a 
negative relation between muscle strength and 
tactile sensitivity, paiticularly as it may un- 
derlie sex differences, has been debated by 
Rosenblith and DeLucia (1963) and Bell 
and Darling (1965) The expectable influence 
of state on the baby’s response to tactile 
stimulation has been found by Lewis, Baitels, 
and Goldberg (1967) 

The assortment of studies reported m the 
treatment of infant as sensory surface is at 
once exciting and distressing It has been 
clearly and repeatedly established that the 
normal newborn infant responds to stimula- 
tion in all sensory modalities, he is, in eveiy 
sense, competent Yet, demonstrations that the 
baby lesponds cannot substitute for careful 
studies of how lesponse changes with vari- 
ations m the dimensions of stimuli employed 
Such study will require more attention to 
standardization of the stimulus and compa- 
l ability of response and procedure than has 
been typical m the past It is a measure of 
the need for research that we do not have 
valid curves of spectral sensitivity or audio- 
grams or tactile threshold for infants Noi is 
it a novelty to leport that theie are few stud- 
ies of changes in sensitivity between the first 
few days of life and the time of rich and 
demanding differentiation made by the child 
near the end of the first yeai of life 

The Infant as Learner 

Many strands come together m the study of 
the baby as someone who learns The pro- 
gressive and ameliorative attitude of the gen- 


eral culture, the finely worked procedures of 
learning studies in animals, and the claims 
of philosophic empiricism m both its English 
and its Russian foims come togethei in a view 
of the child as defined by his encounters with 
the teaching envnonment In addition to 
Stevenson’s chapter m this book, several sum- 
maiy statements of the hteratuie on early 
learning have appeared m the 1960s 
Brackbill (1962) and Kasatkin (1968) have 
written leviews of Russian studies on infant 
learning, continuing the earlier summary by 
Razran (1933) Work by American scholars 
of eaily learning has been ably summarized 
by Lipsitt (1963, 1966, 1967) and by Hor- 
owitz (1968) 

Theie can be no doubt that the behavioi of 
the child changes with his experience dunng 
the first months of life, m this broad sense, he 
learns In addition to the common observa- 
tions of parents and the evidence of norma- 
tive studies, the woik of many investigators 
on early adaptation to feedmg patterns can 
be cited (Call, 1964, Davis, Sears, Miller, and 
Brodbeck, 1948, Gunther, 1961, Piaget, 
1936) Most laboiatory studies of eaily learn- 
ing, however, have more nanowly focused on 
demonstrations of the tiaditional paradigms 
of learning The impact of early experience 
on children has, essentially, been piessed into 
three paiadigmatic molds — classical condi- 
tioning, operant or instrumental learning, and 
habituation Such a limitation of scope has the 
advantage of permitting a focused consid- 
eration of a group of theoretical and empmcal 
issues and of supporting the comparison of 
studies from different laboi atones Clearly, 
however, the general utility of a learning 
analysis of infancy depends not only on the 
precision and comparability of the observa- 
tions made but also on the degree to which 
the formal paradigms properly reflect the 
nature of the child As will be seen, there 
has been an uneven evolution from excessive 
enthusiasm foi the relevance of simple con- 
ditioning models for understanding develop- 
ment (eg, Watson, 1925) to a lecogmtion 
that early learning, in the nanowly paradig- 
matic sense, can be compiehended only in 
the context of the child’s developing con- 
ceptual and cognitive abilities (eg, Papou- 
sek, 1968, Sameroff, 1969), Nonetheless, the 
traditional organization of the research on 
early learning will be maintained in this dis- 
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cussion Studies of classical conditioning and 
of operant learning will be treated heie, a 
more detailed discussion of the phenomena 
of habituation will be presented later m this 
chapter 

Classical Conditioning. The study of clas- 
sical conditioning m young children falls 
naturally into three periods of time Krasna- 
gorsky’s (1909) opening observations m 1907 
on a single 14-month-old child weie followed 
over the next 25 years by a number of studies 
both in the Soviet Union and m the United 
States His own work and observations of 
others led Krasnagorsky to the conclusion 
that only simple conditioned lesponses can 
be formed in the first half-yeai of life and 
that differentiated responses began to appeal 
early m the second half-year Somewhat moie 
extensive obseivations by Denisova and Fig- 
unn (1926) indicated that simple conditioned 
responses (depending on the context of ob- 
seivation and the stimuli used) could be 
obseived as early as the beginning of the 
second month of life and they, too, obseived 
differentiated lesponses m the sixth month 
These early Russian studies, among otheis, 
have been summanzed by Razian (1933), 
invariably only a small number of children 
was involved in the studies and observations 
on lequired conti ol groups weie not repoited 
In the United States, Mateei (1918), study- 
ing conditioned mouthing m childien be- 
tween 1 and 7 years of age, found iapid 
acquisition and extinction of the lesponse 
on the aveiage, and a substantial coi- 
relation (r ~ 60) between age and late of 
conditioning Watson’s enthusiasms for a psy- 
chology based on reflex activity and especially 
his commitment to the conditioning of emo- 
tion (Watson, 1926) led to seveial obseiva- 
tions on the i elation of emotional development 
and conditioning pioceduies Among these 
weie Watson and Watsons (1921) fabled 
and incomplete obseivations on a child named 
Albeit, Jones’ (1926) toleiation extinction of 
feai m a 3-yeai-old named Petei, Jones’ 
(1930) obseivation on 3 infants between 3 
and 9 months of age that conditioned galvanic 
skin lesponses can be formed by shocking the 
babies, and Biagman’s (1934) failure to es- 
tablish conditioned emotions with a mildei 
unconditioned stimulus It was also dunng 
this period of initial enthusiams that Aldnch 
(1928) used conditioning procedures to diag- 


nose hearing loss and that the radical be- 
havionsts (eg, Kuo, 1924, and Holling- 
worth, 1928) maintained that even the 
leflexes were learned 

A second period m the study of early con- 
ditioning opened with Marquis’ (1931) ques- 
tion, "Can conditioned responses be estab- 
lished in the newborn infant?” The application 
of a learning interpretation to early behavioi al 
change demanded the demonstration that 
even the youngest child could be conditioned 
Marquis paned buzzer and feeding of eight 
infants during feeding periods over several 
days and found evidence of an increase m 
sucking and mouthing on presentation of 
buzzer alone Wenger (1936) attempted to 
show conditioning m young infants but used 
too few subjects to obtain stable results 
Wickens and Wickens (1940) observed re- 
sponses to buzzer alone after paired buzzer 
and shock but found that a control group 
given shock alone showed the same pattern of 
response to buzzer that was shown by their 
“conditioned” group Marquis (1941) pre- 
sented evidence foi temporal conditioning in 
the changed activity of babies when they 
were shifted from a three-hour feeding sched- 
ule to a four-hour schedule During the 1930s, 
claims weie also made foi fetal conditioning 
m human beings by Ray (1932) and by 
Spelt (1938) The provocative observations 
made by students of perinatal conditioning 
weie enough subject to alternative interpreta- 
tion and to cnticism on piocedural grounds 
that Marquis’ initial question could not be 
answeied m the mid-1940s (Dennis, 1943), 
Dunng this time, somewhat Brmei evidence 
for conditioning was found for mouthing 
movements (Kantiow, 1937) and for defen- 
sive ey e-blmk (Morgan and Moigan, 1944) 
foi childien m the middle of the second 
month and older 

The third, most vigorous penod of interest 
in early conditioning has been over the last 
15 years Researchers m the paradigm of 
classical conditioning have xanged widely and, 
among their studies of the newborn period 
alone, have touched on the cnange m leuco- 
cyte production with change m the temporal 
characteristics of feeding (Kraehkovskaya, 
1959), conditioned autonomic changes and 
facial expression to an unpleasant odor (Pol- 
ikamna, 1961) sucking to the conditioned 
stimulus of a pure tone (Lipsitt and Kaye, 
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1964), and conditioning of the Babkm le- 
flex to passive movement (Kaye, 1965) Con- 
ditioning m older infants has been leported 
for the oiientmg reflex (Kasatkin, Muzoyants, 
and Khokhitva, 1953), for eye-blink to a 
visual stimulus ( Rendle-Short, 1961), for 
eye-blink diffeientiated to tone (Janos, 1965), 
foi pupillaiy dilation and contraction to a 
tempoial interval (Brackbill et al , 1967), 
for the eye-blink to sound (Lmtz, Fitzgeiald, 
and Brackbill, 1967), and for changes m 
visual preference (Lu, 1967) A study bv 
Dashkovskaya (1953) can be taken as repre- 
sentative of the Soviet woik during the pe- 
riod A group of 10 infants m the first 10 days 
of life was given paned tnals of a muffled 
electric bell and sugar solution, 10 infants had 
a red light paired with sugai solution, and 5 
had bell paired with air-puff to eyes For most 
childien “distinct” but “unstable” conditioned 
responses appeared neai the end of the period 
of observation aftei appioximately 50 pairings 
of conditioned and unconditioned stimuli 
Dashkovskaya pointed out individual variation 
among the infants, she noted the striking dif- 
ference between normal infants and those with 
hath injuries, and she lecounted the pattern of 
development of conditioned leflexes that 
Kasatkin (1968) has summarized in foui 
stages Accoidmg to the Russian investigators, 
the course of early conditioning is seen m the 
change fiom (I) initial nonspecific lesponses 
to (2) a period of inhibition and orienting 
responses to (3) unstable conditioned le- 
sponses and finally to (4) stable conditioned 
responses Kasatkin summarizes a wide lange 
of research (Brackbill, 1962) by asseitmgthat 
“with a few exceptions, conditioned leflexes 
are weak and unstable up to the fourth to 
fifth weeks of life A film and well-ex- 
pressed conditioned reflex is sometimes formed 
m the fourth week and almost always m the 
second month ” Part of the variation is as- 
signed to the conditioned stimulus used, both 
simple conditioned responses and diffeien- 
tiated responses occurring earlier foi vestibu- 
lar and auditory stimuli than for taste and 
visual ones In a review of the literature on 
early conditioning, Lipsitt (1963) concurs 
with the conclusion that it is difficult to dem- 
onstrate aversive or defensive conditioning In 
the first weeks but that a far better case can 
be made for the early conditioning of appe- 
titional responses, especially sucking An at- 


tempt to resolve the divergencies of the 
liteiatuie, lecently made by Sameroff (1969), 
will be discussed later 

In any case, theie is widespread agieement 
that conditioning becomes maikedly easier as 
the child glows older Kasatkin (1968) as- 
serts that, whether pamng of auditory con- 
ditioned stimuli and either defensive or ap- 
petitional unconditioned stimuli is begun at 
age 10 days or age 30 days, stable condi- 
tioned lesponses will occur at the same time 
— at about 32 days of age In a caieful com- 
parison of piematuie infants with full-term 
babies, Janos (1958) found that stable con- 
ditioning occuired at the same gestational age 
in both groups with no advantage to die pre- 
mature infants for then longer time m ex- 
tiauteime life 

Operant Learning The lole of lesponse- 
contmgent reinforcement m early behavioial 
change lies implicit m early work (Myers, 
1922, 1924, Watson, 1926), but systematic 
study of infants m the instrumental paradigm 
started late and Amencan studies of operant 
learning m newborn infants are a genuine 
novelty 

The possibility of controlling amount of 
smiling in 4-month-old infants was demon- 
strated by Biackbill (1958) and the influence 
of adult smiling and touching on vocalization 
of infants m the same age range has been 
shown by Rhemgold, Gewntz, and Ross 
(1959) and by Weisbeit (1963) Smith and 
Smith (1962) showed that children of about 
1 year of age would work to change the 
orientation of then playpen m order to bring 
visual displays into view The ability of year- 
old infants to respond diffeientially to lights 
of different colors when reinforced for hand- 
tappmg by the appearance of chimes was 
assessed by Simmons (1964) Siqueland 
(1964) has shown that head lotation to left 
or light in 4-month-old infants can be selec- 
tively reinforced with milk lemforcement, a 
procedure adapted from Papousek (1959) 
Sensitive use of operant procedures has been 
made by Lipsitt, Pederson, and DeLucia 
(1966) m a study of year-old children whose 
rate of response controlled the brightness of 
a visual display and by Weisbeig and Fink 
(1966) to assess the behavior of 18-month- 
old children to fixed-ratio schedules of rein- 
forcement Levison and Levison (1967) and 
Caron (1967) have used operant head-turn- 
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mg in studies of the effectiveness of visual 
displays m controlling the behavior of 3- 
month-old children Inci easing sophistication 
and precision m the use of tned-and-true 
operant procedures in the study of infants 
hold promise of permitting a moie careful 
assessment of infantile sensory sensitivity, per- 
ceptual oiganization, memory, and motiva- 
tional variation than has been possible in the 
past 

The laboi atones at Brown Univeisity have 
reported several applications of operant pro- 
cedures to infants m the fiist days of life 
Lipsitt and Kaye (1965) showed changes 
over time m amount of sucking to the alter- 
nated presentation of a lubber nipple (on 
which sucking increased) and a st 2 aight lub- 
ber tube (on which sucking deci eased) In- 
ci eased tube-sucking with remfoi cement of 
dextrose solution has also been reported 
(Lipsitt, Kave, and Bosack, 1966) Siqueland 
and Lippsitt (1966) showed an increase m 
directional head-tuinmg with the contingent 
application of dextrose-solution reinforcement 
in children under 4 days of age Observations 
by Kron (1967) suggest that changes m the 
patterns of sucking bursts may be deteimined 
by schedules of feeding reinforcement and 
Sameroff (1969) has shown that short-term 
changes can be induced m the patterns of 
sucking by delivering milk on a component- 
contingent basis 

The most extensive studies of infantile 
learning to be repoited m English are those 
of Papousek (1959, 1961, 1967, 1968) In a 
procedure which mixes somewhat the classical 
and operant paiadigms, Papousek lemforced 
with milk the infant's tinning of his head 
toward right oi left on the signal of a 
sound Ten trials each day weie given to 
a group of childien undei obseivation for 
several months, each of them went through a 
cycle of acquisition, extinction, leacquisition, 
discrimination of buzzer and bell as signals 
for left oi light head-turn, and two reversals 
of the disci immation of sounds With a sti in- 
gent criterion of learning (five consecutive re- 
sponses to the auditoiy signal during a 10- 
tnal session), he found that infants who 
were staited in the procedure diuing the new- 
born period acquired the conditioned response 
after 177 trials (near the end of the first 
month of life) Papousek (1967) calls atten- 
tion to the fact that only the extinction pro- 


cedure shows no systematic relation to age 
He has found (Papousek, peisonal communi- 
cation), as has his colleague Janos (1965), 
that gestational age and ease of conditioning 
aie highly coi related Papousek has also 
found remarkable individual vanation m late 
of conditioning 

The Context of Learning Even with the 
spurt of studies of infantile learning that has 
occuned in the past decade, the numbei of 
studies is insufficient to the important ques- 
tions that can be posed Nevei theless, a num- 
bei of tentative general principles and, per- 
haps of gi eater importance, a numbei of 
critical questions can be stated on the basis 
of data m hand The least disputable pnnciple 
is that age, with whatever piocess that age 
reflects oi hides, is influential m determining 
the course of eaily learning Proceduies of 
maigmal effectiveness in the fiist weeks of life 
give notable effects at 3 months Heie again 
the late of developmental change puts de- 
mands on theories of infancy and on experi- 
mental procedures to guarantee that changes 
shown do not represent general matuiational 
change in sensitivity oi response effectiveness 
rather than learning 

A host of empirical and theoietical issues 
anse from the distinction that Lipsitt (1963) 
emphasizes between opeiant control and opei- 
ant learning Many of the studies listed earlier 
can be seen as involving changes in the late 
or occasions of occurrence of a well-estab- 
lished response lather than the acquisition of 
new lesponses The distinction l effected m the 
classical literatuie of learning between habit 
and performance is relevant as well to inter- 
pretation of experimental effects as transient 
fatigue, adaptation, oi habituation It is sig- 
nificant that so little is known about the 
persistence of behavioial patterns established 
natuially or in laboratory settings Almost no 
studies have examined infants over a long 
enough period of time to establish measures 
of persistence of behavior acquired early m 
life Systematic studies of infantile memory 
ovei more than a few days are limited to a 
handful of studies (Buit, 1932, 1937, Janos, 
1965, Levy, 1960, Papousek, 1967) 

Every aspect of the study of babies is re- 
lated to the issue of state or level of arousal, 
and learning is no exception Gottlieb and 
Simner (1966) have noted the close and 
complex relation between measures of arousal 
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such as heart rate change and measures com- 
monly used as indicators of learning such as 
sucking Koch (1968) lelated ease of con- 
ditionability to time since waking and time 
since feeding The relevance of arousal to 
interpretations of early learning has been put 
forcefully by Kron (1967), who suggested 
that many of the procedural operations used 
in studies of early learning may be as readily 
interpreted as changing the state of the baby 
and thereby changing the likelihood of the 
response under observation Once more, the 
developmentally crucial difference between 
habit and performance must be noted 

A significant attempt to reconcile conflict- 
ing evidence on early, especially newborn, 
learning has been made by Sameroff (1969) 
Following Piaget (1936), Sameioff proposed 
that classical conditioning can take place only 
after the response systems relevant to the 
unconditioned and conditioned stimuli have 
been organized and differentiated He pointed 
out also that studies of early learning can be 
more easily understood if the distinction is 
maintained between stimuli which provoke 
defensive or avoiding responses and those 
which provoke orienting or approach re- 
sponses (see Andr6-Thomas, 1954, Schnierla, 
1958, and Sokolov, 1960) Sameroff proposed 
that conditioning is possible only after con- 
genital defensive lesponses have been some- 
what habituated 

Does the baby behave as he should ac- 
cording to the simple paradigms of learning? 
Papousek (1968) has given the question em- 
pirical import by observing the response of 
young infants to simple, piedictable patterns 
of stimulation, for example, the signal foi a 
left turn of the infant's head alternates reg- 
ularly with a signal for a nght turn Appar- 
ently, in the first months of life, babies adopt 
what can be called “strategies” for anticipa- 
ting sequential events Papousek outlines the 
theoretical problem and puts the psychology 
of infant learning on a new path when he says 
“sometimes, we even had the impression that 
successful solving of the problem itself elic- 
ited more pleasure m the subject than the 
reward” It is beyond doubt that babies are 
shaped by their early experience and the 
exciting task of the next generation of re- 
searchers will be to enlarge and complicate 
the paradigms of learnmg to make room for 
the complexity of the infant 


The Infant as Perceiver and Thinker 

A notable discrepancy exists between the 
amount of interest currently invested m early 
cognitive development — the infant as per- 
ceiver and thinker — and the amount of re- 
search that has been carried out Charles- 
worth (1968) has observed that the great 
bulk of research on infantile cognition has 
taken place since 1960, psychology is truly 
only at the edge of its study of perception, 
thinking, problem-solvmg, dreams, play, and 
language m the very young child (Kessen, 
1966) There are one major and several minor 
exceptions to the principle of waywardness 
and lag m the study of early cognition Minor 
exceptions can be seen m the interest of many 
investigators around the tum-of-the-century 
m early language and m the continuing the- 
oretical interest of students of perception m 
the child's first view of his world The major 
exception, and one that has transformed the 
study of mfants nreveisibly, is the work of 
Jean Piaget 

Perception. Theoietical controveisy over 
the natuie of human perception has long had 
implication for the psychology of infancy 
(Hochberg, 1962) The classical issue of 
whether perception was innately organized 
(Pastore, 1960) or denved fiom an increasing 
sensitivity to critical features of the environ- 
ment (Gibson, 1969) or constructed from 
motor acts (Piaget, 1936) clearly calls for an 
answer from young children Only lecently, 
and m laige part as a consequence of the ob- 
servations of Robert Fantz, have these argu- 
ments been subjected to empincal observa- 
tion of babies. The detailed treatment of 
infantile vision later m the chaptei sum- 
marizes the evidence now available on early 
development of visual perception and its im- 
plication for the classic controversies about 
perception 

Language. Almost at the same time that 
interest m early perception was revived there 
appeared a new fluriy of studies of early 
language Although the procedures for gath- 
ering data about the child's eaily speech have 
been closely akm to those used by investi- 
gators of many years ago (Dewey, 1894, 
Strayer, 1930), lecent observations on early 
language have been illuminated by then con- 
nections with linguistic theory and with gen- 
eral theory of cognitive development In a 
chapter of this Manual McNeill presents a 
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summary and an analysis of what is now 
known about the acquisition of language 

The Special Place of Piaget’s Work After 
his first observations on his eldest daughter, 
Piaget (1927) concluded that ‘‘the first year 
of the child is still, unhappily, a mysterious 
abyss for the psychologist ” Piagets willing- 
ness to enter the abyss and to begin to un- 
ravel some of the mysteries stands as the 
most important contribution yet made to an 
undei standing of the human infant The 
study of infancy has been a major and con- 
tinuing theme m Piagets work, but his pn- 
mary observations and most important the- 
oretical postulations about the nature of 
young children were contained in three books 
The Origins of Intelligence m Children 
(1936), The Construction of Reality m Chil- 
dren (1937), and Flay, Dreams , and Imita- 
tion (1945) His profound and complicated 
account of infancy, drawn largely from ob- 
servations on his own three children, does not 
submit to easy abbreviation here Foitunately, 
Flavell (1963) and Wolff (1960), among 
others, have prepared analytic and compar- 
ative accounts of Piaget's theory of the infant 
mind 

Piaget sees the infant as actively engaged 
with his environment On the basis of con- 
genitally organized reflexes — vision, prehen- 
sion, sucking, and phonation — the child builds 
ever more complicated ways of dealing with 
environmental events His adaptation is the 
result of a shifting balance between under- 
standing the world in terms of his present 
structures (assimilation) and modifying those 
structures to fit the demands of the environ- 
ment (accommodation) The normal child m 
the usual environment of infants thereby de- 
velops, m a regular sequence, conceptions of 
space, time, and object which are increasingly 
like those of the adult Piaget's observational 
techniques and the conceptual use to which 
he puts what he sees can be best understood 
with an example 

At 0,2 (4) [age two months and four days] 
Laurent by chance discovers his right index 
finger and looks at it briefly At 0,2 (11) he 
inspects for a moment his open right hand, 
perceived by chance At 0,2 (14), on the 
other hand, he looks three times in succession 
at his left hand and chiefly at his raised index 
finger At 0;2 (17) he follows its spontaneous 


movement for a moment, then examines it 
several times while it searches foi his nose or 
rubs his eye Next day, same observation At 
0,2 (19) he smiles at the same hand after 
having contemplated it eleven times m suc- 
cession The same day he looks very 

attentively at his two clasped hands At 0,2 
(21) he holds his two fists in the air and 
looks at the left one, after which he slowly 
brings it toward his face and rubs his nose 
with it, then his eye A moment later the left 
hand again approaches his face, he looks at it 
and touches his nose He recommences and 
laughs five or six times in succession while 
moving the left hand to his face He seems 
to laugh before the hand moves, but looking 
has no influence on its movement At a 
given moment he turns his head to the left 
but looking has no effect on the direction 
At 0,2 (23) he looks at his right hand, then 
at his clasped hands (at length) 

It may thus be seen of what the coordina- 
tions between vision and the first circular 
reactions of the hand and fingers consist We 
can say that the visual schemata tend to as- 
similate the manual schemata without the 
converse bemg yet true In other words, the 
glance tries to follow what the hand does, but 
the hand does not tend in any way to realize 
what the glance sees, it does not even succeed 
in remaining m the visual fieldl Later, on the 
contrary, the hand will be regulated by 
vision, and vice versa, this will enable the 
child to grasp the objects seen But, for the 
time bemg, the hand moves independently 
of the glance, the few vague circular reac- 
tions to which it gives nse being only directed 
by touch, kinesthetic sensations, or sucking 
The relations between sight and hand move- 
ments are therefore different from those which 
exist between sucking and these movements, 
m the case of sucking, the schemata external 
to the hand movements control them and 
incorporate them (sucking entails circular re- 
action of the arms and hands) while m the 
case of vision hand movements aie autono- 
mous and the glance is limited to assimilating 
without conti oiling them 

By means of such combinations of naturalis- 
tic observations and contrived intervention, 
Piaget developed a systematic account of in- 
tellectual change over the first months of life 
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Along the wav, he has addiessed fundamental 
issues that have not had a place m American 
studies of babies — among them, the develop- 
ment of intention, the sepaiation of means 
and goals, the growing use of mstiuments m 
the solving of problems, and the formation 
of categones of knowledge such as space and 
object Piagets theoretical appaiatus is, of 
course, not universally accepted (Kessen and 
Kuhlman, 1962) and replication of his ob- 
servations is essential, both m the mode he 
prefened and m the moie usual style of ex- 
peiimental study Nonetheless, White (1969) 
speaks foi many students of children when 
he describes Piaget's Origins of Intelligence 
as “far and away the most outstanding bodv 
of woik on human infancy ” 

The Return of Prehension Piaget's em- 
phasis on the development of independent 
motoi systems — for example, looking and 
grasping — and their subsequent cooidmation 
has pioduced a revival of interest in the study 
of early patterns of prehension and then 
relation to looking, sucking, and the develop- 
ment of the notion of permanent objects 
Bramard (1927) had noted the changes that 
take place m the coordination of eye and hand 
during the first half-year of life The develop- 
ment of such coordination has been given a 
neurophysiological definition (Zagora, 1959) 
and the development of stable handedness m 
patterns of reaching and manipulation has 
been assessed longitudinally (Flament, 1965) 
In a senes of studies of infants m an institu- 
tion, White and his colleagues have carefully 
charted the normal course of visually directed 
reaching and have, further, demonstrated 
that the rate of development can be modified 
by expenmen tally introduced stimulation of 
the children (White, 1968, 1969, White, 
Castle, and Held, 1964) Brunei has taken 
the early development of grasping and its 
cooidmation with looking and sucking as a 
model for problem solving in the very young 
infant (Bruner, 1967, Biuner, Simenson, and 
Lyons, 1968, Bruner and Watkins, 1968) 
Play, Interest, and Attention Piaget's treat- 
ment of cognitive development bangs into a 
sharp light the behavior of infants that seems 
closely i elated neither to the alleviation of 
primary drives nor to the actions of a social 
partner The principle that children are active 
explorers of their environment and are pleased 
by cognitive achievements has been put in 


several forms by Berlyne (1960), Hunt 
(1961), Rhemgold, Stanley, and Cooley 
(1962), Stott (1961), and Wolff (1966) 
Although empirical work has not kept pace 
with speculations about the bioader base of 
infantile motivation, seveial patterns of study 
have begun to emerge In addition to Piaget's 
obseivations on play (1945), Fnedlander and 
Kessler (1968) have described proceduies foi 
lecoidmg play patterns ovei long penods of 
time, and observations on patterns of fiee play 
at the Fels Reseaich Institute (Goldbeig and 
Lewis, 1969) and at Harvard (Kagan, per- 
sonal communication) have begun to present 
evidence on the developmental stability of 
patterns of play and on the continuity of in- 
dividual differences Charlesworth (1969) 
has piesented a detailed treatment of surpnse 
as a facloi m early motivation and cognitive 
development A number of reseaichers have 
called attention to the importance of complex- 
ity as a variable governing the mteiest and 
attention of the young infant (Beilyne, 1960, 
Biennan, Ames, and Moore, 1966, Charles- 
woith, 1966, Munsmgei and Wen, 1967, 
Thomas, 1965) Disaepancy fwm a familiar 
pattern as an influential determmei of atten- 
tion, an idea elaborated by Sokolov (1960) 
and given application to early cognitive de- 
velopment by Jeffrey ( 1967) , has been closely 
analyzed m Kagan's longitudinal study of early 
development (Kagan and Lewis, 1965, McCall 
and Kagan, 1968) Evidence also has begun 
to accumulate on the importance of arousal 
or alertness m studies of attention (Korner 
and Grobstem, 1966, Stechler, Biadford, and 
Levy, 1967) and on the existence of puzzling 
variation m patterns of attention from one 
child to another (Kagan, personal communi- 
cation, McCall and Kagan, 1967) 

Except for the work of Piaget, the study 
of the infant as thinker has just begun Among 
the promising directions for development are 
a closer look at memory and time-sense in 
infants (Allen, 1931, Watson, 1967), the 
establishment of links between early condi- 
tioning and problem-solving (as, for example, 
m Papousek's infant strategists) and in the 
foimal treatment of Piaget's theory of early 
cognitive change (Liu In-Mao, 1961) 

The Infant as Social Partner 

Psychologists have long been concerned 
with charting the course the child takes as 
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he becomes a social being, effective m chang- 
ing the behavior of others and responsive 
himself to social partners From the early 
observations of Kaila (1932) and Spitz and 
Wolf (1946), the focus of research on the 
infant as social partner has been concentrated 
on the study of smiling and attachment 
to the care-taking mother The lelevant re- 
search has been given close treatment by 
Maccoby elsewhere m this book, and her 
discussion will not be duplicated here 

The sixfold division of infancy research 
used in the foiegoing discussion is necessarily 
abstract and necessarily artificial There are 
serious connections among the aieas of in- 
terest elliptically designated as reflex, emer- 
gent, sensory, learning, cognitive, and social 
Nonetheless, the division roughly describes 
variation in research that characterizes the 
twentieth century and gives some sense of 
the change from dominant conceptions of 
the infant as cieature of reflexes to concep- 
tions of the infant as influential m determin- 
ing the nature of his environment 

In the next section of the piesent report, 
a shift is made from a geneial and summary 
statement of available research to a more 
highly concentrated treatment of thiee col- 
lections of research — sucking, habituation, 
and vision — m illustration of the complex in- 
teraction of problem statement, method, and 
findings m the study of infants 

THE CASE OF SUCKING 

Sucking as an Organized Biological Behavior 

Rooting The awake, hungry, newborn in- 
fant exhibits rapid pendular searching move- 
ments m response to tactile stimulation m 
the region around the mouth (Peiper, 1963, 
Prechtl, 1958) This pattern of searching 
movements, called the rooting reflex, is held 
to optimize the infant's chances of finding and 
grasping the nipple Pepys is credited by 
Peiper with writing m 1667 the first descrip- 
tion of rooting that occurred even before the 
first feeding Several wnteis have corrob- 
orated the existence of the rooting response 
in the newborn (Blanton, 1917, Blauvelt, 
1964, Gentry and Aldrich, 1948, Peipei, 
1963; Turkewitz, Gordon, and Birch, 1965, 
Watson, 1919, Wolff, 1959), m the fetus 
(Hooker, 1952), and m the premature infant 
(Prechtl, 1958, Saint-Anne Dargassies, 1955) 


Gentry and Aldrich (1948) and Prechtl 
(1958) found looting m about two- thirds of 
awake full-term babies tested before feeding 
Blauvelt and McKenna (1961) have provided 
a detailed temporal analysis of rooting 

Several investigators have found that the 
rooting response is affected by state of arousal, 
the response increases m probability and m 
vigoi as the baby becomes more aleit (Peiper, 
1963, Prechtl, 1958, Gentry and Aldrich, 
1948, Wolff, 1959) Wolff (1959) has argued 
that state of arousal is a more crucial variable 
than time since last feeding Of 48 babies, 
46 were reported by him to root when aleit 
even immediately after a meal The nervous 
oiganization of the rooting reflex is most as- 
suredly quite low It has been shown repeatedly 
that anencephalics and microcephalies root m 
patterns much like those of the noimal baby 
(Blanton, 1917, Ingram, 1962, Peiper, 1963, 
Prechtl, 1958) 

Mechanics and Components of Milk Ex- 
traction The newborn infant has three sets 
of oral pads which are believed to facilitate 
and support the sucking act (Middlemore, 
1941, Peiper, 1963) One set is on the outer 
and inner aspects of the lips and a second set 
on the gums, these two sets of pads form a 
closed-pressure seal around the nipple A 
third set of pads on the inside of the cheeks is 
believed to support the cheeks so they are 
not sucked in by the negative intraoral pres- 
suie established during sucking 

Accoidmg to Peiper (1963), Erasmus Dar- 
win correctly noted in the eighteenth century 
that the infant does not sip milk at the breast 
but, instead, takes the nipple into his mouth 
and draws milk out bv repeatedly pressing the 
nipple between his gums Further analysis of 
the act has shown that sucking is made up 
of two majoi components — the establishment 
of negative pressure within the mouth and the 
lapping or expressing of the nipple 

It has been demonstrated that the sucking 
infant rhythmically establishes a condition of 
negative pressure m his mouth, but there is 
not a complete consensus as to how this 
piessure is established and exactly what role 
it plays m extracting milk from the nipple 
Jensen (1932) summarized early work in 
support of the hypothesis that the infant, like 
the adult, sucked by establishing negative 
pressure through inspiration In contrast, 
Auerbach (in Jensen, 1932) was the first of 
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many investigators to maintain that infant 
and adult use markedly different techniques 
to establish negative pressure The adult es- 
tablishes negative piessure by thoraxic in- 
spiration but the infant was said to use 
“mouth sucking” — a proceduie whereby the 
oral cavity, closed off at the back and sealed 
by lips and gums at the front, is increased 
m volume by dioppmg the lower jaw (Kasa- 
hara, 1916) Although Auerbach’s view is 
generally held to be correct (Peiper, 1963), 
it has not gone unchallenged Halverson 
(1944), for example, found costal respiration 
to piedommate over abdominal respiration 
dm mg vigorous sucking, an observation sug- 
gesting thoiacic involvement in the infant’s 
sucking act 

The second mechanism used by the infant 
for extracting milk is called expressing After 
the nipple is sucked into the mouth, the jaw 
and curved tongue aie raised The tongue 
presses the nipple against the hard palate and 
presses out milk by moving from the front 
to the back of the mouth Cmemaradiographic 
evidence of this process has been provided 
by Ardran, Kemp, and Lind (1958) and by 
Lassnch (1959) Ardian, Kemp, and Lind 
found no evidence that milk was taken m 
during the phase of negative pressure when 
the tongue and jaw were dropped Their 
evidence suggested that this phase chiefly 
provided time and negative pressure for re- 
filling the teat On the other hand, Colley and 
Creamer (1958) found insignificant pressure 
changes inside the nipple and aigued against 
the position that the nipple was being pressed 
against the roof of the mouth Variation m 
procedure, particulaily m ngidity of nipples 
used, probably accounts for the discrepancy 
m observations, Sameroff (1968) obtained 
convincing evidence that both negative pres- 
sure and expiessmg can be used by newborn 
infants to extract milk 

Coordination of Sucking, Respiration, and 
Swallowing A smooth feeding performance 
requires coordination of sucking, swallowing, 
and respiration Swallowing apparently de- 
pends on the amount of milk in the mouth 
(Halverson, 1938), babies almost never swal- 
low when sucking an (Jensen, 1932). The baby 
does not visibly interrupt his breathing when 
swallowing, but it does not follow that he 
can breathe and swallow simultaneously 
Halverson (1944) and Lassnch (1959) found 


swallowing to require less than 0 5 seconds 
for the infant as opposed to 1 5 seconds for 
the adult (Peiper, 1963) Inasmuch as swal- 
lowing occurs in the interval between mspna- 
tion and expiration the effect of swallowing 
on respiration has often gone undetected 
There is disagreement as to whether or not 
sucking and respiration are coordinated 
Balint (1948) and Colley and Creamer 
(1958) found no relationship between suck- 
ing and breathing but Peipei (1963) and 
Halverson (1944) found definite relationships 
of 1 1 oi 2 1 sucks to respirations, and several 
reports of deepened inspiration during suck- 
ing have been made (Kibble, 1938, 1943, 
Halverson, 1941, 1944) Halveison (1944) 
noted that the patLern of breathing changes 
during vigorous sucking, costal breathing pre- 
dominates with sucking buists often antic- 
ipated by abdominal tensing He concluded 
that the best coordination of sucking, breath- 
ing, and swallowing occurs when a suck is 
made during an inspiration and a swallow is 
made between an inspiration and an exhala- 
tion Peiper (1931) found that respnation 
rate slowed during sucking and that both 
sucking and breathing slowed when the infant 
was changed from nonnutritive to nutritive 
sucking He argued that a hierarchical control 
of swallowing, sucking, and breathing exists 
with swallowing controlling sucking and suck- 
ing controlling breathing 

Effects of Age Although most babies suck 
at birth or before, very little is known about 
how the mechanics of sucking change over 
age Ribble (1939) leported that some pre- 
mature babies have trouble grasping the 
nipple and do not suck strongly enough to 
draw milk from the breast Halverson (1946) 
found the coordination of sucking, swallow- 
ing, and breathing to be highly vanable from 
one premature baby to another In his study of 
infants from birth to 18 weeks Halverson 
(1946) found good cooidmation of sucking, 
respiration, and swallowing m one baby at 8 
hours, m 3 babies m the first 3 days, m 8 
others at one time or another, in 2 babies, 
smooth coordination never appealed dunng 
the study Piechtl (1956) reported that the 
newborn infant tends to use negative pressure 
as his chief milk-gettmg technique, whereas 
after some weeks the child will tend to use ex- 
pression Auerbach wrote (Halverson, 1938) 
that the infant sucked by downward stroking 
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of the jaw for the first 4 to 5 months and latei 
used thoraxic inspiration It is noteworthy that 
Ardian et al (1958), who studied 41 infants 
“from a few days to several months” did not 
report age changes m the form of the sucking 
response Bruner (1967) has reported that 
sometimes at 2 months, but at least by 4 
months, a baby presented with a novel stim- 
ulus may stop the phase of negative piessure 
but will continue expressing 

Sucking and Mode of Feeding Ardran et 
al (1958) found no essential differences be- 
tween the babys technique for sucking breast 
and his technique for sucking bottle, but 
Peiper (1963) emphatically insisted that dif- 
ferences exist Several studies have shown 
that infants can drmk from a cup from birth 
(eg, Sears and Wise, 1950), clearly, the 
specific sucking mechanics described earlier 
do not provide the only method a baby can 
use to feed 

Pathology The absence of coordinated 
sucking, swallowing, and breathing may be 
indicative of brain trauma or retardation 
(Blanton, 1917, Kasahara, 1916, Ribble, 
1939, Watson, 1919) However, sucking 
alone is usually intact even with relatively 
severe trauma (Blanton, 1917, Kasahara, 
1916, Peiper, 1963, Ribble, 1937) Peipei 
(1963) discussed a variety of evidence fiom 
human monsters and lower animals that suck- 
ing is organized at a relatively primitive level 
of the nervous system 

Rhythms and Rates of Sucking The infant 
generally sucks in a more or less regular 
pattern of bursts and pauses During bursts 
of nonnutritive sucking, his rate varies aiound 
two sucks a second (Wolff, 1969) Although 
sucking late has been reported by many m- 
vestigatois, several important vanables are 
often not specified— age and health of the 
baby, time since last feeding, state of arousal, 
whether the baby is sucking for nutriment or 
on a pacifier, the nature of the nipple, and late 
of milk flow Moreover, several measures of 
the response can be calculated from the suck- 
ing record, for example, sucking rate during 
sucking, sucking frequency per umt time, 
duration of a sucking burst, duration of a rest 
between bursts, and number of sucks per burst 
As Balmt (1948) and Kaye (1967) have 
pointed out, experimenters frequently do not 
make clear whether their rate-of-suckmg cal- 
culation was obtained by calculating mean 


sucking rate dunng a buist of sucking or by 
assessing fiequency of sucking over a fixed 
time period Fuither, some expenmenters have 
reported ranges for individual subjects and 
others have reported langes of gioup means 
Ovei a wide range of variables it appears that 
sucking late during bursts is fairly uniform 
from 1 to 2 5 sucks per second, close to the 
value of 1 5 sucks per second leported by 
Ardran, Kemp and Lind (1959) using cine- 
maradiographic analysis Sucking buists seem 
to occur m packages of from about 5 to 24 
sucks per buist 

Balmt (1948) reported two additional suck- 
ing frequencies found m a large portion of his 
subjects, which were latei confirmed by Kaye 
(1966) A ‘restart” fiequency of from 6 to 
10 per second sometimes appealed at the be- 
ginning of a sucking burst and a quivering 
frequency, from 12 to 45 per second, appeared 
to be caused by tongue or jaw quivering 
Neither frequency was related to the infant's 
age but the quivenng appealed in 66% of 
the females and only 39% of the males, the 
only substantial sex difference reported for 
nutritive sucking 

Care has not always been taken to define 
the parameters separating one burst from 
another Investigatois attempting to quantify 
the buist variable have used either a 1-second 
or 2-second no-sucking interval to define the 
beginning or end of a burst (Halverson, 
1944, Kaye, 1967, Sameroff, 1967) The 
pause between bursts has been considered to 
be either a rest period (Halverson, 1944), a 
play period (Halverson, 1944), or a period 
during which information is being processed 
(Bronshtein et al , 1958, Bruner, 1967, 
Haith, 1966, Haith et al , 1969, Keen, 1964, 
Piaget, 1952) 

Variables Affecting Sucking Rate and 
Rhythm 

Hunger Rather strong contradictions exist 
m the literature regarding the effect of hunger 
on the various parameters of sucking Sus- 
swem (cited m Peiper, 1963) reported that 
the baby sucks continuously for the first 
several minutes of a feeding, then breaks into 
bursts and pauses as he becomes satiated, an 
observation confirmed by Norval (1946) 
Kaye (1966) experimentally confirmed an 
earlier correlational finding (Levm and Kaye, 
1964) that sucking rate changed with amount 
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of nutrient consumed But Kion, Stem, and 
Goddard (1967) observed no change of 
sucking late over 9 minutes of feeding Sim- 
ilarly, Balint (1948) found the rate of suck- 
ing to remain constant within J4 sucks per 
second m over 90% of his sample and the 
pause-burst pattern to remain essentially con- 
stant for 75% Jensen (1932) reported that 
10 of 17 of his subjects sucked air for as long 
as 15 minutes after a feeding 

Fatigue has been implicated m the de- 
pression of sucking rate over time during 
nonnutntive sucking, full recoveiy is held to 
occur after a rest of 60 seconds (Kaye, 1967) 
However, it is unclear whether or not re- 
covery aftei a rest reflects the dissipation of 
fatigue or the response to a change of stim- 
ulus Norval (1946) reported a recovery of 
sucking late when the infant was moved 
from one breast to the othei and the positive 
relationship between arousal and sucking rate 
has been well documented both observation- 
ally (Levin and Kaye, 1964) and experi- 
mentally (Bndger, 1962, Jensen, 1932, Kaye, 
1966) In fact it can be argued that arousal, 
not hunger, plays the major role m determin- 
ing the rate of sucking (Bndger, 1962, Kaye, 
1966, Kessen, 1967) 

Age Bronshtein, Antonova, Kamenetskaya, 
Luppova, and Sytova (1958) reported that 
infants over 1 day of age have a higher maxi- 
mum rate of sucking than infants under 24 
hours of age but that pauses and the number 
of sucks per burst were independent of age 
Bruner (1967), however, reported that 
younger infants pause irregularly, as they 
grow older, they change to a more legulai 
pattern Bahnt (1948) found that babies held 
fairly closely to their basic sucking frequency 
over 2 to 2J4 months of follow-up study 
while Kasahara (1916) reported that babies 
over a week of age do not pause while suck- 
ing nutritively, whereas newborns do 

Rate of Milk Flow Colley and Creamei 
(1958) and Halverson (1944) found sucking 
rate and the presence of pauses to be affected 
by milk flow }/ possibly through the control 
that swallowing exerts over sucking Some of 
the discrepancies found m the reports of 
sucking rates and burst patterns might be 
accounted for by variation m late of milk 
flow 

Individual Stability Infants show a fairly 
regular rate of responding both within an 


expei imental session (Haith, 1966, Haith, 
Kessen, and Collins, 1969, Kron, Ipsen, and 
Goddard, 1968, Levin and Kaye, 1964, 
Sameioff, 1967, Wolff, 1969) and ovei longei 
periods of time (Bahnt, 1948) 

Natural Cycles of Feeding A great deal 
has been written about whether the baby's 
cyclic demands for nourishment should be 
met (demand feeding) or whether the baby 
should be made to adapt to an imposed reg- 
ular schedule of feeding (scheduled feeding) 
Fiank (1966) noted that the changing advice 
to mothers from pediatricians and federal 
publications through the decades from 1900 
is an instructive lesson m how the "truth” 
about infant leaung changes In a personal 
communication to Frank, Anton Carlson re- 
ported that the 4-hour schedule of feeding 
apparently originated with a barium X-ray 
study of 3 newborns m 1900 which showed 
that the stomach emptied after about 4 houis 
The generalization from 3 newborns fed a 
foreign substance to milk-dunkmg infants m 
general is, at best, dubious The history of 
the demand-schedule issue has also been le- 
viewed by Weinfeld (1950) 

Only a few studies have been carried out 
on the plasticity of the newborn to an imposed 
schedule Both Bystroletova (1954) and Mar- 
quis (1941) reported that babies adapted to 
their feeding schedule during the first 10 days 
of life If fed on demand, the newborn baby 
may require from 10 to 14 feedings a day 
(Tramham and Montgomery, 1946, Simsarian 
and McLendon, 1942, 1945) m a more or 
less inegular pattern but, in a matter of sev- 
eral days or a few weeks, most infants will 
settle down to a fairly regular pattern of 5 
to 6 feedings a day Aldrich and Hewitt 
(1947) studied 100 demand-fed babies for 
over a year to discover their preferred feed- 
ing rhythm, their data are shown in Fig 2 
Self-regulating rhythms appear to approxi- 
mate the commonly prescribed 4-hour interval 
for many infants 

Scheduled feeding has been justified as 
necessary to avoid the harmful effects of 
overeating, especially m the premature infant 
However, it has been found that premature 
infants do well on a demand schedule (Hor- 
ton, Lubchenko, and Goidon, 1952) and that 
demand feeding generally results m faster 
weight gam and earlier release from the 
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Months 



Fig 2 Self -regulating schedule of feeding for 100 infants (From Aldrich and Hewitt, 1947, p 
347) 


hospital nursery (Hardy and Goldstein, 
1951) 

Sucking as an Indicator of Underlying Process 
The sucking response is one of the few 
oigamzed responses present at birth and has 
the several advantages of being relatively easy 
to define, measuie, elicit, and recoid Perhaps 
fox these reasons, sucking frequently has been 
used as an indicator of underlying process m 
the young infant Over the years, some aspect 
of sucking has been called on to assess dis- 
crimination, learning, attention, habituation, 
arousal, and frustration 

Discrimination A number of studies have 
used the sucking response to measure the 
sensitivity of the newborn (eg, Dockeray, 
1934, Jensen, 1932) Peiper (1963) reviewed 
classical evidence that sweet substances pio- 
voked sucking movements Dockeray (1934) 
reported that some infants consistently re- 
sponded negatively to acidic formulas Nelson 
(Jensen, 1932) observed diffeiential respond- 
ing to sugar, salt, quinine water, and citric 
solutions by, respectively, 50, 40, 33, 32, 
and 23% of infants observed Jensen (1932) 
obtained no diffeiential response between 
sugar and milk and differential but irregulai 
lesponses to varying concentrations of salt 
Bronshtein et al (1958) repoited increased 
sucking to sugar solutions and decreased suck- 
ing to salt solutions Dockeray ( 1934) reported 
no effect of odor on sucking but Bronshtein et 
al (1958) found differential responding to 
three odors, Temperatuie sensitivity in infants 
has not been widely studied Kasahara (1916) 
reported lower and upper limits of tempeiature 
that infants will tolerate to be approximately 


30 and 40°C, whereas Jensen (1932) re- 
poited values of 19 and 52 °C Reported dis- 
crimination of sound intensity and frequency 
as measured by variation m sucking (Bron- 
shtein et al, 1958) has not been replicated 
(Keen, 1964), nor have Bronshtein and Ins 
co-workeis’ reports of visual discrimination 
using similar procedures found support ( Haith 
et al, 1969, Kaye, 1967, Sameioff, 1967) 
Learning, The discrepancy between the 
amount and quality of research on newborns 
and the amount and quality of research on 
older infants is quite apparent in studies that 
use the sucking response as a conditioned 
response or as an mdicatoi of learning Un- 
foitunately, without systematic observation of 
changes across age m the acquisition and 
extinction of learned responses, it is often 
difficult to interpret experimental findings 
The presence of differences between treated 
and untreated samples of the same age invites 
many interpretations, particularly when only 
a small number of trials are piesented, when 
all of the training takes place m a single ses- 
sion, or when appropriate control groups are 
absent Long-term developmental studies of 
sucking as a learned response, comparable to 
the work of PapouSek (1967) on head-turn- 
ing, aie rare, and the results of many available 
studies can be understood as representing 
transient changes in adaptation or arousal 
Developmental Studies Ripm (1930), 
studying the sucking responses anticipatory 
to feeding m babies dunng the first half-year 
of life, found occasional anticipatory responses 
as early as 1 month, but she concluded after 
examining changes in behavior over 6 months 
that true expectancies were not established 
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until the third month of life Kasatkin (1952) 
and Dashkovskaya (1953) described “unsta- 
ble” conditioning m the fust days of life, but 
“stable” conditioning appeared only after the 
newborn period 

Naturalistic Observations of Learning Sev- 
eral studies have deviated from customary 
learning pandigms to study infant learning 
m relatively natuial circumstances A single 
infant, reportedly a newborn traumatized at 
the breast by partial suffocation, subsequently 
“fought” the mother during the feeding situa- 
tion (Gunther, 1961) Call (1964) repoited 
film-documented cases of newborn infants 
who moved their heads from side to side and 
grasped the mother’s breast when placed m 
the feeding position The adjustment of activ- 
ity patterns m newborn infants fed at diffei- 
ent intervals has been observed (Marquis, 
1943, Bystroletova, 1954) Thompson (1926) 
reported that an infant could learn to feed 
from a poorly shaped nipple by a “fading” 
procedure using a bieast shield When new- 
born infants repeatedly have a nipple in- 
serted m then mouths and then withdrawn, 
they tend to quiet faster on insertion and cry 
sooner on withdiawal during late trials (Co- 
hen, 1966), 

Short-Term Laboratory Studies Along more 
conventional lines, Marquis (1931) lepoited 
conditioning of mouth opening and the cessa- 
tion of activity and crying after repeated pan- 
mgs of buzzer and milk bottle Dashkovskaya 
(1953), using sound stimulation as a con- 
ditioned stimulus, repoited a confirmation of 
these findings with newborns, but she was 
not able to establish conditioning to a light 
conditioned stimulus Sameroff (1968) ob- 
seived the effects of diffeiential milk reinforce- 
ment on the two majoi components of sucking 
He found a lowered amplitude of the suction- 
ing component when the expressing component 
was reinforced In a second expenment he 
demonstrated that the magnitude of the ex- 
pressing component, after brief practice by the 
baby, roughly matched the effort necessaiy to 
obtain milk 

Lipsitt and his colleagues at Brown Uni- 
versity have earned out a number of studies 
of the conditioning of sucking m newboins 
In one study (Lipsitt and Kaye, 1964) m 
which tone and nipple-induced sucking were 
paired, they found greater mouthing to the 
tone in experimental than m control babies 


but only dui mg the extinction phase In a 
second study, Lipsitt and Kaye (1965) found 
more nipple-sucking m gioups which leceived 
oppoitumty to suck nipple and tube, m an 
alternating schedule, than m a group leceiv- 
mg opportunity to suck only the nipple In 
still a third study, sucking fiequency on a 
tube by babies who leceived dextrose during 
tube presentation was compaied with sucking 
frequency by babies who received dextrose 
through a syunge 20 seconds after withdrawal 
of the tube (Lipsitt et al , 1966) Dunng test 
trials, tube-dextrose babies gave more mouth- 
ing responses than did tube-alone babies 
The lesults of these studies, taken together, 
have been considered to constitute evidence 
for learning m the suckling infant However, 
even m the most carefully executed and ade- 
quately controlled experiments on learning 
m the liteiature of infantile sucking, the possi- 
bility lemams that expeumental manipulations 
may have systematically influenced arousal m 
favor of the expeumental gioups Theie can be 
no doubt that sucking behavior changes in re- 
sponse to envnonmental change during the first 
days of life, what remains m doubt is a conclu- 
sion about the most pioductive explanation to 
put on the facts Two recent proposals (Kron, 
1968, Sameroff, 1969) that go beyond the 
limited and limiting issue of whether or not 
the newborn infant can learn (Kessen, 1963, 
Lipsitt, 1966) weie discussed earlier 

Attention, the Orienting Response, and 
Sucking One of the best-known con elates of 
attention and of the orienting response is in- 
hibition of ongoing activity (Beilyne, 1960, 
Sokolov, 1963) Observations on inhibition of 
sucking during visual exploiation were, m fact, 
made by Piaget (1936) and by Fleischl (1957) 
Studying infants from birth to seveial months 
of age, Bronshtein et al (1958) leported in- 
hibition of sucking to visual and to auditoiy 
stimuli and, further, an attenuation of the 
tendency to inhibit sucking as stimuli weie 
repeatedly piesented However, for the most 
part, the “Bionshtem effect” has been difficult 
to replicate Some of the difficulties in replica- 
tion piobably derive from the vague descrip- 
tion of proceduies, stimuli, and age range m 
the original report Foi example, most of the 
attempts at replication in the United States 
have been earned out with newborns on non - 
nutritive sucking Brackbill (1962) reported 
after visiting Russian laboi atones that full 
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manifestation of inhibition, habituation, and 
subsequent dishabituation of nutritive sucking 
to a visual stimulus could be demonstrated in 
only one- thud of the babies between a few 
hours and 17 days of age 

Kaye and Levin (1963) attempted to repli- 
cate the Bronshtein effect m two independent 
studies but could not find even initial inhibi- 
tion of sucking Additional studies by Kaye 
(1967) have produced similar requests 
Keen (1964) found differential changes in 
sucking during piesentation of tone for two 
durations, but the absence of no-tone obser- 
vations makes it difficult to determine whether 
these differences reflected relative facilitation 
or relative inhibition of the response Haith 
(1964) reported that suppression of newborn 
sucking was stronger to a light moving inter- 
mittently than to stationary light In conti ast 
to prior studies, Haith made the nipple avail- 
able to infants only during disci ete trials Kaye 
(1967) reported studies of audition m which 
a similar proceduie was used but he found no 
stable diffeiences m performance attributable 
to tone Under somewhat different pioceduies, 
Kaye (1967) was also unsuccessful m his at- 
tempt to replicate the Haith study with visual 
stimuli Sameioff (1967) presented light, tone, 
and light and tone to newborns and found no 
effect on time spent sucking However, he 
did find that the number of sucking bursts 
was fewer during all experimental presenta- 
tions than during any control interval Using 
2- to 4-month-old infants, Haith, Kessen, and 
Collins (1969, and Collins, Kessen, and Haith, 
personal communication) found inhibition of 
sucking to both stimulus movement and to 
flashing lights but no stable relation was 
found between sucking inhibition and stim- 
ulus complexity Moreover, there was no ev- 
idence of habituation of sucking inhibition 
with repeated stimulus presentation 

Sucking without Nutrient 

In addition to its obvious contribution to 
efficient feeding, sucking is significant m othei 
aspects of the infant’s life Commentators 
woikmg from both observation and clever 
speculation have, moreover, assigned critical 
theoretical weight to sucking, especially suck- 
ing that does not produce nutrient In fact, 
a great deal of research and speculation about 
sucking m infancy has hinged on the simple 
fact that infants suck on fingers, thumbs, 


sleeves, toys, pacifieis, and othei objects vig- 
orously and foi long penods of time without 
resulting nutritive intake 

In their attempts to account for such be- 
havioi, theorists have put forth a surprisingly 
varied set of arguments According to some 
observers, nonnututive sucking satisfies a 
"need” to suck, it serves to "pacify” the in- 
fant during moments of distress, it selves as 
one of a number of responses to dissipate a 
build-up of fieely displaceable energy, it be- 
comes positively lemforcmg through its as- 
sociation with food, it acquires an erotogenic 
quality through its association with mothers 
breast and food, it is a prewired species- 
specific response to high arousal, it is a 
species-specific response which serves to at- 
tach the mother to her offspnng, oi, because 
the oral region is invested with a lich net- 
work of nerves and blood vessels, nonnutritive 
sucking occurs because it feels good 

A number of review papers and theoretical 
articles have dealt with available research and 
the theoretical issues involved in the study of 
nonnutntive sucking (Honzik and McKee, 
1962, Kessen and Mandler, 1961, Orlansky, 
1949, Palermo, 1956, Ross, Fisher, and King, 
1957) The next paragraphs will deal first 
with the normative aspects of nonnutntive 
sucking, then with research relevant to the 
question of whethei or not an inborn "need” 
to suck exists, and, finally, with evidence 
bearing on the power of sucking to pacify 
or calm the infant 

Normative Data Ribble (1943) reported 
that 60% of 600 infants observed had to be 
"taught” to suck by moving the infant’s jaw 
up and down over the mother s breast Her 
assertion has not been confirmed and is clearly 
contradicted by a vast amount of literature 
A number of investigators have reported 
finger sucking and hand-mouth contact shortly 
after birth and even before the first feeding 
(Blanton, 1917, Blauvelt, 1964, Kessen, Wil- 
liams, and Williams, 1961, Ripin, 1930, Wat- 
son, 1919) Dramatic photographic documen- 
tation of the fetus’ ability to suck its thumb 
was recently displayed m a national magazine 
( Life , April 1965) 

The reported incidence of nonnutntive 
sucking among infants has langed from 44% 
(Heenng, 1932) to 100% (Kunst, 1948) 
Brazelton (1956) reported that 90% of the 
infants he observed engaged m nonnutntive 
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Table 5. Thwnbsuckers 



n 

Percentage 

of 

Thumb- 

suckers 

Onset 


Termination 


3 mos 

6 mos 

9 mos 12 mos 

12 3 4 

5 6 7 

Brazelton (1956) 

70 

87% 

100% 

100% 

74% 93% 

93% 


Davis (1940) 

150 


33 


No report but some 15 yrs 


Heenng (1932) 

25 

44 

100 


Observed to 17 wks 


Traisman and 








Traisman (1958) 2,650 

46 

75 

w 

4 

19 50% 


Klackenberg 








(1949) 

259 

50 



50 

53 

79% 

Kunst (1948) 

143 

100 

100 

100 




Roberts (1944) 

15 


83 

100 

No Report 



Yarrow (1954) 

66 

64 

63 

90 

28 

50 

75 86% 

Lewis (1930) 

30 

18-41 

67 

77 

3 13 

20 30% 50 

60% 70 


sucking Kunst and Brazelton counted any 
kind of hand sucking — of finger, fiist, 01 
thumb — m their estimates, wheieas other in- 
vestigators reporting an incidence of fiom 44 
to 64% (Heering, 1932, Traisman and Tiais- 
man, 1958, Yarrow, 1954) apparently counted 
only sucking of the thumb Table 5 presents 
a synopsis of data on onset and termination 
of nonnutntive sucking 
Investigators have not reported dates of 
termination of hand-sucking as thoroughly as 
onset Brazelton (1956) reported that 74% 
of his subjects by 9 months and 93% by 12 
months had discontinued the habit except 
when tired, hungry, or unhappy, but the dates 
of termination of all sucking weie not re- 
ported, Most investigators have apparently 
concentrated on all hand-sucking regardless of 
state Traisman and Tiaisman (1958) found 
that the mean age of termination was ap- 
proximately 3 8 years Yarrow (1954) found 
that half of his subjects had stopped sucking 
by 4 years Lewis (1937) reported that 70% 
of his 30 cases stopped before 6 years Al- 
though thumbsucking persists past 6 years m 
only a small percentage of subjects, Yarrow 
reported 14% of the babies he saw who 
thumb-sucked had not stopped by 7 years of 
age and several mvestigatois have lepoited 
that a small percentage of children peisist 
until adolescence (Davis, 1940, Honzik and 
McKee, 1962, Swmehart, 1938) 

The specific correlates of thumb-sucking 
are not well known As the infant glows older 
the incidence of thumb-sucking becomes as- 
sociated with particular states As common 
experience would suggest, Brazelton (1956) 


found that although thumb-sucking disap- 
peared as a common activity for the infant at 
approximately 12 months, the lesponse con- 
tinued to appear undei conditions of distress 
Kunst (1948) found a positive relationship 
between hunger and tendency to suck More- 
over, infants sucked primarily when they 
were awake until 17 to 19 weeks of age but 
then a leveisal occuned, with infants sucking 
more during sleep until 1 year of age Kunst 
also observed moie sucking m bed than out, 
a finding she attributed to boiedom but which 
might just as well be attributed to a drowsy 
state 

Honzik and McKee (1962) have summa- 
rized the literature regarding sex diffeiences 
in thumbsucking Gesell and Ilg (1937) re- 
ported that males sucked moie than females 
but the basis for their statement is un- 
clear Honzik and McKee presented data from 
three studies to support their argument for a 
gi eater tendency of females to suck, a ten- 
dency which they attribute to greater tactile 
sensitivity However, a number of studies 
have not confirmed this finding (Davis, 1940, 
Kunst, 1948, Traisman and Traisman, 1958) 
and there is some slight suggestion that Gesell 
and Ilg’s original thesis is correct 

The Need to Suck The occunence of non- 
nutntive sucking has been variously held to 
reflect a pnmary dnve or need to suck (Levy, 
1937, Ribble, 1943), a denved or secondaiy 
drive to suck (Sears and Wise, 1950), the 
piesence of an acquned secondary reinforcing 
property of stimulation produced by sucking 
(Paleimo, 1956), the presence of autoerotic 
impulses within the child (Freud, 1905) or 
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the presence of some unfulfilled need which 
the mother should attempt to rectify 

Palermo (1956) pointed out that three 
forces shaped modern thought to regard 
thumb-sucking as unhealthy and unnatural, a 
view which is, to some extent, now on the 
decline First, the discovery of the germ and 
the accompanying hygienic revolution led to 
the reasonable belief that only clean objects 
should be permitted to enter the mouth, 
second, orthodontists (Lewis, 1930, 1937, 
Swmehart, 1938) leported evidence suggest- 
ing that thumb-sucking resulted m malocclu- 
sion and jaw deformation, finally, and by far 
most influentially, Freud’s wntmgs were in- 
terpreted to mean that a thumb-sucking child 
was manifesting his autoerotic needs and im- 
pulses, engaging in a primitive form of mas- 
turbation (Freud, 1905) 

Levy is credited with the first attempt to 
make an empirical study of the etiologic fac- 
tors involved m the development of persistent 
thumb-sucking (Levy, 1920) From inter- 
views with over 60 mothers, he concluded 
that thumb-suckers had fewer feedings per 
day, were more likely to be on schedule as 
opposed to demand feeding, and were less 
likely to have pacifiers In a later publication 
Levy (1937) commented that he could al- 
ways relate the amount of thumb-sucking to 
the amount of sucking deprivation the child 
had experienced Levy and many investiga- 
tors have taken these findings as demonstra- 
tion of an inborn primary need of the infant 
to suck, an important correlate of which is the 
intake of milk Ribble (1943), for example, 
concluded that infants need 2 hours of suck- 
ing activity each day until they are 4 months 
of age If they receive less opportunity they 
will suck their fingers 

The Levy-Ribble position on the funda- 
mental need to suck was often taken to rep- 
resent the view of psychoanalysis (McKee and 
Honzik, 1962) m spite of Freud’s assertion 
"that the stimulus from the warm stream of 
milk was really the cause of the pleasurable 
sensation To be sure, the giatification of the 
erogenous zone was at first umted with the 
gratification of the need foi nourishment” 
Whatever the logic of the argument the con- 
trast between innate need and acquired-drive 
interpretations of nonnutntive sucking has 
served as a springboard for the confrontation 


of psychoanalytic and learning theories of 
behavior 

Roberts (1944), from interview data, con- 
cluded that thumb-suckers fed for substan- 
tially shorter periods than did nonthumb- 
suckers Roberts also reported that the onset 
of thumb-sucking often followed shortly on a 
sharp deciease m feeding time Many studies 
have not confirmed the Levy-Robeits findings 
A number of retrospective studies have found 
more thumb-sucking m children who, because 
of late weaning or longer feedings, had greater 
access to sucking opportunity than those who 
had less opportunity (Bernstein, 1955, Sears 
and Wise, 1950, Yanow, 1954) Yairow, for 
example, found more severe and longer thumb- 
suckmg m a late-weaned as opposed to an 
early-weaned group In their large-scale study 
which involved repeated cuirent interviews 
with mothers, Traisman and Traisman (1958) 
found an indefinite relationship between 
speed of feedmg and percentage of babies 
who thumb-sucked If nonnutntive sucking is 
an inverse function of degree of opportunity 
for nutritive sucking, one would suspect that 
demand-fed babies would not be thumb- 
suckers This piediction has not been con- 
fumed by the available leports (Simsanan, 
1947, Tramham and Montgomery, 1946) 

Blau and Blau (1955) observed one infant 
between 3 and 7 weeks of age for about 20 
horns a day The infant was given alternating 
fast and slow feedings (nipples with many oi 
few holes ) Contrary to a need-for-suckmg hy- 
pothesis, fast feedings were followed by less 
crying, less nonnutntive sucking, and less 
activity m the 10-mmute period following 
feedmg Brodbeck (1950) reported stronger 
sucking to a finger test by newborn babies fed 
from a small-hole mpple than by babies fed 
from a large-hole nipple befoie, after, and 
between regular 4-hour feedings 

It is possible to feed infants fiom a cup 
soon after birth with no detrimental effect on 
weight gam (Fredeen, 1948) One would sus- 
pect from a need-to-suck hypothesis that 
these infants would engage m more non- 
nutntive sucking than infants fed by bottle 
or breast However, from a learning-theory 
position, from a strict mterpietation of Freud, 
and from Piaget’s statements about reflex ex- 
tension, the prediction would be made that 
stronger and more nonutritive sucking would 
occur in children who suck nutritively Brod- 
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beck (1950) fed one group of babies from a 
bottle for 4 days and then from a cup for 4 
days and compared then sucking strength 
before, aftei, and between feedings with a 
group of babies fed routinely by bottle for 
8 days The first group showed a decrease m 
sucking strength after a switch to cup-feeding, 
whereas the bottle-fed group continued strong 
Davis, Sears, Miller, and Brodbeck (1948) 
studied the response of three groups of in- 
fants foi the first 10 days of life to a sucking 
test The babies were bottle-, cup-, or breast- 
fed There was a significant increasing trend 
m sucking responsiveness over days for the 
breast-fed gioup only, the trends for cup-fed 
and bottle-fed groups over days were flat 
No differences were found between the 
groups m geneial body motility or in crying 
between feedings These data were taken as 
evidence against the Levy-Ribble hypothesis 

Interest m the etiology of thumb-sucking 
has waned since the 1950s, perhaps as pa- 
rental concern with thumb-sucking has 
changed But the problem of comprehension 
has not gone away, the data do not allow 
a strong statement about the causes of 
nonnutritive sucking m the species oi of vari- 
ation among babies m amount and topography 
of suckmg 

Pacification The comforting effects of suck- 
ing, whether of thumb, fist, or nipple, are 
relatively well known Pacifiers are frequently, 
if reluctantly, used by mothers for the pur- 
pose of quieting distressed babies, Although 
the sucking-quietmg effect is well known, 
little experimental research has been ad- 
dressed to the antecedents of this relationship 
or to the mechanism of its operation The cry- 
ing and thrashing infant will fanly abruptly 
cease crying and moving when a pacifier is 
placed into his mouth, only to begin again 
when the nipple is lemoved The duration of 
the crying after the nipple is placed into the 
mouth and the latency to cry after it is re- 
moved depends on the degree of hunger and 
on the baby’s familiarity with the nipple (Co- 
hen, 1967, Marquis, 1943) Nurses often mol- 
lify newborns with sugar-soaked cotton paci- 
fiers during circumcision A similar procedure 
is used m the ritual circumcision of males by 
Jews where the baby sucks on wine-soaked 
cotton Cohen (unpublished) recorded heart 
rate during circumcision and found little 
change m the rate or form of the heart record 


among infants who sucked on a pacifier Infants 
who did not suck, howevei, showed violent 
tachycardia and diamatic changes m the form 
of the electiocaidiogram Wolowick (cited m 
Peiper, 1963) found an increase m the infant’s 
thieshold to shock dui mg sucking and Birns, 
Blank, and Bndger (1966) found less re- 
sponse to cold-stress during sucking The oc- 
currence of suckmg inhibits activity and 
i educes level of arousal 

Kessen and his colleagues have regarded 
limb movement as an indication of infant 
distress, although it has not been assumed 
that limb movement only leflects distress Kes- 
sen and Leutzendorff (1963) found the 
quieting phenomenon not to be a general 
property of tactile stimulation alone Limb ac- 
tivity was dramatically i educed in the stim- 
ulation period only during sucking opportu- 
nity and recovered rapidly when the nipple 
was withdrawn It is possible that the soothing 
effect of a pacifier derives from the association 
of the sucking act with nutritive reinforce- 
ment, an hypothesis set forth by Palermo 
(1956) Kessen, Leutzendorff, and Stoutsen- 
berger (1967) observed infants 1, 2, and 3 
days of age Of the 50 infants studied, 30 
were seen on the first day of life both before 
and after the first feeding The qmetrng- 
when-sucking phenomenon was observed m 
babies before the fiist feeding, that is, the 
pacifying effects of suckmg do not depend 
on association with food 

Kessen and Mandlei (1961) have aigued, 
from a variety of evidence, that the running 
off of an organized behavioral act inhibits 
anxiety and resulting distiess They hypoth- 
esized that the congenitally organized re- 
sponse sequence of sucking relieves distress, 
quieting the infant, and that nutriment, whose 
physiological effects require lelatively long 
periods of time, may become positively rein- 
forcing through association with sucking and 
not the other way around Bndgei (1962) 
also has argued that specific drives, for ex- 
ample, for food, are not present at birth, and 
that sucking is a species-specific lesponse to 
high arousal level 

Rovee and Levin (1966) have challenged 
the universality of the suckmg-quietmg rela- 
tionship In the Kessen and Leutzendorff 
(1963) and Kessen et al (1967) studies, 
infants were moderately aroused by diapering 
before observation but they were usually not 
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crying Rovee and Levin studied the relation- 
ship between initial arousal level and tendency 
to quiet when given an oppoitumty to suck 
They found that very active babies decreased 
m activity when presented with the nipple, 
moderately active babies did not change ac- 
tivity level, and very quiet babies increased 
m activity when presented with the nipple 
They replicated the Kessen et al finding of 
an inverse relationship between sucking fre- 
quency and amount of activity decrement 
There was also a high inverse correlation 
between time-to-accept mpple and baseline 
activity Since an earliei study by Kaye and 
Levin (1964) had shown a strong inverse re- 
lationship between nipple-m time and arousal, 
apparently the very quiet babies were asleep 
and were awakened by the lip-stroking pro- 
cedure used to facilitate nipple acceptance 
Clearly, distress cannot be inhibited if it is 
not present 

There remain questions about the mech- 
anisms involved m the sucking-quieting phe- 
nomenon Halverson (1938) noted an increase 
in muscle tension during and sometimes be- 
fore a sucking burst Further, if sucking be- 
havior pacifies the aroused infant one might 
expect to see infants sucking on their own 
thumbs and fists with a resulting decrement 
inactivity Wolff (1959, 1966) reported that 
spontaneous hand-mouth contacts m new- 
borns tended to reduce crying but only be- 
fore a meal Hand-mouth contact also reduced 
the probability of spontaneous startles, Wolff 
used this evidence to aigue that the sucking 
act discharges freely displaceable energy, 
which is constantly being generated m the 
infant However, Williams and Kessen (1961) 
found no stable relation between hand-mouth 
activity and overall limb activity m newborns 

Virtually no experimental work has been 
carried out to study the relationships be- 
tween activity and sucking in infants over a 
few days of age Access to a pacifier has been 
suggested for restless infants (Ribble, 1943) 
and has been found to be helpful for treating 
"colicky” infants (Levme and Bell, 1950) 
Kunst ( 1948) noted that, until about 5 months 
of age, mfants suck on their thumbs more 
while awake than asleep, after 5 months, a 
reversal in the pattern occurs, Infants sucked 
more when hungry and more m bed than out 

From what little evidence and casual ob- 
servation is available, it appears that non- 


nutritive sucking may play diffeient loles foi 
the newborn and for the older infant The 
newborn sucks most when highly aioused and 
is, in general, soothed through the sucking 
act In the older infant thumbsucking seems, 
except for the hunger duve, to occur most 
frequently when the infant is m a low state 
of arousal 

The literature on sucking is vast and var- 
ious, the iteiated concern of child psychol- 
ogists confirms the assertion of Piaget (1937) 
that the first changes in sucking are "the 
beginning of psychology ” 

THE CASE OF HABITUATION 

The newborn infant enters the world with 
a number of built-in reactions to stimuli 
Abrupt stimulation of the neck muscles elicits 
a Moio leflex, tactile stimulation at the side of 
the mouth of a hungry infant elicits a rooting 
reflex, a bright flash of light elicits eye-clamp- 
mg, a sharp sound elicits tightening of the 
eyelids It is obvious to the student of chil- 
dren that these responses change over age, 
responses are elaborated, modified, and, m 
the case of many newborn reflexes, often de- 
leted from the child’s behavioral repertory 
Much infant research m the past has con- 
centrated on acquisition of new responses and 
on the refinement and recombination of old 
responses as the child grows Only recently 
have child psychologists placed heavy em- 
phasis on changes m the strength of unlearned 
responses with experience, particularly on the 
changing power of stimuli to alert or excite the 
child 

Current theoretical and empirical work on 
alerting characteristics of stimuli, for both 
children and adults, grows from a revived 
interest m attention and m habituation of at- 
tention The behavior of dogs m Pavlov’s lab- 
oratory when presented with a novel stimulus 
— stiffening of the * ears, inhibition of on- 
going behavior, and other signs of vigilance — 
led Pavlov (1927) to postulate an uncondi- 
tioned orienting reflex, the "what is it?” 
response The observed pattern of behavior 
appears to optimize further reception of the 
stimulus, , the attention of the organism is 
fully directed toward the novel event and he 
is better able to evaluate its significance How- 
ever, taken by itself, the observation that a 
stimulus change regularly elicits attention and 
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orientation carries with it lather disturbing 
implications Although initial onentation and 
attention to a stimulus may be biologically 
useful, continued alerting to a stimulus that 
has no significance foi the organism would 
make him a victim of irrelevant envuonmental 
variability The problem becomes vivid when 
one consideis the limitless variety of stimuli 
arriving at the infant's receptors 

Psychologists have generally consideied 
selective increasing of attention (eg, positive 
conditioning) to be the basic mechanism of 
selective attention The mothers face is se- 
lected out of the myriad of visual stimuli and 
increased m salience because of its lmpoi- 
tance m the biological economy of the child 
Recent research, however, has challenged the 
notion that nonsignificant stimuli which occui 
legularly are simply unattended, instead, it 
is argued that the organism actively ignores 
or filters stimuli which are of no use to him 
Thus the emerging picture is one of an infant 
who gives high pnority to novel events If they 
are significant, he continues to attend, if not, 
he habituates 

An Example of Habituation and Some 
Definitions 

Sharpless and Jasper (1956) earned out a 
fundamental study of habituation of the arou- 
sal reaction m the cat Tones weie repeatedly 
presented to sleeping cats while the inves- 
tigators monitored biain activity by implanted 
electrodes The response to the first presenta- 
tion of a 500 Hz tone consisted of desynchroni- 
zation of the bram-wave pattern (lower voltage 
and increased wave fiequency) for as long as 
3 minutes The same tone was piesented le- 
peatedly and, with repetition of the stimulus, 
desynchronization lasted foi shorter and 
shorter periods However, when a new stim- 
ulus was presented (eg, a 100 Hz or 1000 
Hz tone) biam-wave desynchronization im- 
mediately leappeared In this manner, Sharp- 
less and Jasper demonstrated that habituation 
occurred specifically to the 500-cycle tone 
presented repeatedly and they eliminated, 
with appropriate controls, the possibility that 
the animal had gone into a deeper sleep oi 
that the eai had m some way fatigued Al- 
though Sharpless and Jasper did not find dis- 
habituation to the famihai (i,e , lepeated) 
stimulus after response to the novel stimulus 
(Pavlov's “dismhibition”), they did find some 


lecovery of desynchionization However, if 
they permitted the activating effects of the 
novel stimulus to wear off completely, no re- 
sponse to the habituated stimulus was found 
Appaiently the effect of the novel stimulus was 
simply to activate the animal, essentially put- 
ting him m a different state during the pie- 
sentation of the familial stimulus Habituation 
has, of couise, been studied m other animals 
and in adult human beings (see, especially, 
Sokolov, 1960) but the Shaipless and Jaspei 
study can be taken as lepresentative in con- 
sidering attempts to define habituation 
Conventional learning phenomena and ha- 
bituation share a common chaiactenstic m 
that the behavior of the animal changes with 
exposure to the stimulus They differ in that 
learning typically consists of the acquisition of 
a new response or a change m the conti ol of 
an old response, whereas habituation consists 
of the weakening of an unlearned lesponse 
to stimulation Whethei oi not habituation is 
a kind of learning can be aigued, many in- 
vestigators of infancy have consideied it so 
(Bartoshuk, 1962, Engen and Lipsitt, 1965, 
Fantz, 1964) Thorpe (1956) has tieated ha- 
bituation as a kind of learning and he de- 
scribed both phenomena as examples of 
adaptation by the organism In Thorpe's 
words, “habituation can be defined as a 
relatively permanent waning of a response as 
the result of repeated stimulation which is not 
followed by any kind of reinforcement 
[It is] a simple learning not to lespond to 
stimuli which tend to be without significance 
m the life of the animal ** 

Thompson and Spenser (1966) also le- 
garded habituation as a kind of learning and 
emphasized that the response which is ha- 
bituated is itself unlearned They note that 
most investigators have considered habitua- 
tion to be a response decrement which cannot 
be attributed either to simple lesponse adap- 
tation oi to effector fatigue Thompson and 
Spencer have pioposed the most specific def- 
inition of habituation available, a definition 
which they presented as a list of nine essential 
characteristics of the phenomenon 

Given that a paiticulai stimulus elicits a 
response, repeated applications of the stimulus 
result in a decreased response , If the 
stimulus is withheld, the response tends to 
recover over time If repeated senes of 
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habituation training and spontaneous recov- 
ery aie given, habituation becomes succes- 
sively moie rapid Other things being 

equal, the more lapid the frequency of stim- 
ulation, the moie rapid is habituation 
The weakei the stimulus, the more rapid is 
habituation Stiong stimuli may yield no sig- 
nificant habituation The effects of ha- 

bituation training may proceed beyond a zero 
asymptotic response level Habituation of 
response to a given stimulus exhibits stimulus 
generalization to other stimuli Presenta- 
tion of anothei (usually stiong) stimulus re- 
sults in recovery of the habitated lesponse 

Significance of Habituation m Infants 

Investigates have seen the study of habit- 
uation as significant for piobing a variety of 
seemingly um elated processes Studies of at- 
tention, memory, model development, dis- 
crimination, and learning are cases in point 

Habituation promises to be a useful tool for 
the study of memory Clearly, if an infant re- 
sponds diffeiently to stimulus X on trial 10 
from the way he behaved on trial 1, state fac- 
tois conti oiled, he has “lemembered” stimulus 
X Excitement about the phenomenon of habit- 
uation has been generated by an interest m 
knowing what the information storage capac- 
ities of the young infant are and how they de- 
velop (Fantz, 1964, Lewis, Baitels, Fadel, 
and Campbell, 1966, Panel atz and Cohen, 
1968) Sokolov (1960), m a theory not unlike 
Hebb’s (1949), has been most explicit about 
the form of memory implied by selective 
habituation He proposed that a ‘neuronal 
model” preserves information about the in- 
tensity , quality , duration, and order of pre- 
sentation of stimuli This model or schema 
becomes more specific with each repetition 
of the stimulus Each stimulus later in the 
series is then compaied to the model If the 
input coincides with the representation m 
memory, the stimulus is “recognized” and 
no orienting response is given If, however, 
a mismatch between model and input occurs, 
the input disconfirms the organism’s expec- 
tancy and an orienting response is elicited A 
slight extension of Sokolov’s pioposal brings 
us close to studies of attention m infants (see, 
especially, Jeffrey, 1968) Several investigators 
(Berlyne, I960, Demberand Earl, 1957, Fin- 
ley, 1967, Haith et al, 1969, McCall and 
Kagan, 1967) have suggested that disci epancy* 


or disconfiimation of an expectancy, i ather 
than novelty strictly or complexity, is the most 
relevant consideiation m infantile attention 
In Sokolov’s terms, it is the mismatch between 
the neuional model — the schema oi expec- 
tancy — and the input which is critical because 
of the baby’s attempt to fit the input to the 
model By this reasoning, an input too discrep- 
ant from any of the baby’s models might not 
be attended because it cannot be i elated to any 
available expectancy If one adds to this no- 
tion Berlyne’s (1960) pioposition that dis- 
ci epancy produces aiousal which the infant 
tnes to reduce, it follows that an infant will be 
excited by slight discrepancies from expec- 
tancy, will examine the peiturbmg event, and 
will theieby i educe the effective uncertainty 
of the stimulus In this way, the models or 
schemas of the baby become increasingly more 
complicated (Berlyne, 1960, Munsmger and 
Kessen, 1964, Piaget, 1936) There is a sug- 
gestion that model ate as opposed to laige or 
small discrepancies from habituated stimuli 
elicit gi eater attention in the infant (Cohen, 
1968, Fmley, 1967, Kagan, personal com- 
munication, McCall and Kagan, 1967) If dis- 
crepancy from a model has motivating effects, 
the habituation paradigm may serve as an 
important tool for studying the development 
of such models 

An additional significant implication of se- 
lective habituation is the evidence it piovides 
that an infant is able to discriminate two 
stimuli (Kessen, 1963) Although any study 
which uses a so-called “novel” stimulus to 
demonstrate the selectivity of habituation to 
a familiar stimulus does, m effect, establish 
the disci immability of the two events, stud- 
ies which have specifically used habituation 
as a tool foi studying infantile disci lmmation 
have been carried out with variation m au- 
ditory stimuli (Bndger, 1961, Bronshtein 
et al, 1958) auditory localization (Leventhal 
and Lipsitt, 1964), visual stimuh (Bionshtem 
et al , 1958, Saayman, Ames, and Moffett, 
1964), vibration, pressure, and olfactory 
stimuli (Bionshtem, et al , 1958) 

Habituation has also been of significance 
because of its relation to learning As noted 
earlier, the typical aigument has been that 
habituation repiesents learning not to re- 
spond to certain stimuli Since habituation 
may predate positive learning in that it does 
not require the occurrence of a new response, 
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habituation may provide an index of early 
learning that avoids the troublesome pioblem 
that ease of lesponse elicitation is often con- 
founded with age 

Variables under Study in Habituation 
Research 

A large number of studies document the 
decrease m infantile responding with repeated 
stimulation The studies have differed widely 
m the modality studied, the parametei of 
stimulation varied, and the responses used 
Response decrement has also been exammed 
m its connections with nervous system func- 
tioning, age, sex, and state After a brief sur- 
vey of such studies, substantial questions of 
interpretation — in particular, the criteria 
which wan ant the conclusion that response 
decrement m fact represents habituation — will 
be addressed 

Sensory Modality Studies of habituation 
have been carried out m virtually every sensory 
modality, however, auditory stimuli have been 
by far the most popular Investigations of the 
newborn have employed pure-tone stimuli 
(Bndger, 1961, Bronshtein et al , 1958, Keen, 
1964), modulated pure tones (Eisenberg, 
Coursm, and Rupp, 1966), pulsed auditory 
stimuli (Barnet and Goodwin, 1965, Barto- 
shuk, 1962, 1964, Clifton, 1968, Keen, Chase, 
and Graham, 1965, Leventhal and Lipsitt, 
1964), modulated pulsed stimuli (Bartoshuk, 
1964) and complex sounds (Bronshtein et al , 
1958, Eisenberg, Griffin, Coursin, and Hunter, 
1964) But, on older infants, only two studies 
of habituation to auditory stimuli have been 
reported Pure tones were used by Bronshtein 
etal, (1958) and Kagan and Lewis, (1965) 
Music and voices were used by Kagan and 
Lewis (1965) Habituation to the location 
of auditory stimulation has also been studied 
only m the newborn (Bndger, 1968, Leven- 
thal and Lipsitt, 1964) 

Habituation studies using olfactory stimuli 
have been run almost exclusively with new- 
borns (Bronshtein et al , 1958, Engen and 
Lipsitt, 1965, Engen et al , 1963, Kussmaul, 
1896) Studies on the response to repeated 
presentations of an air jet, presumably a 
tactile stimulus, have been earned out by 
Bndger (1961) and by S techier (1966) on 
newborns and by Bronshtein et al (1958) 
on both newborns and older infants. Ha- 
bituation of response to tempeiature stimuli 


has been reported by Bronshtein et al 
(1958) 

In the visual mode, the responses to re- 
peated presentations of light onset was stud- 
ied by Bronshtein et al (1958), Peiper 
(1925), and Pratt (1934) on newborns and 
by Bionshtein et al (1958), Cohen (1968), 
Kagan and Lewis 1965), and Lewis et al 
(1966) in older infants Repeated piesenta- 
tions of visual stimulus movement have been 
used m both studies of the newborn (Haith, 
1966) and m studies of older infants (Cohen, 
1968, Haith et al , 1968, Kagan and Lewis, 
1965, Lewis, et al , 1966) No one has re- 
poited changes m responsiveness of newborns 
to lepeated presentations of pictuies oi real 
objects However, for older infants, the stim- 
uli of choice for habituation studies have been 
stationary visual pictures Investigators have 
used geometric forms (Kagan and Lewis, 
1965, McCall and Kagan, 1967, Pancratz 
and Cohen, 1968, Saayman et al , 1964), pic- 
tures of real objects, faces, or toys (Fantz, 
1964, Kagan and Lewis, 1965, Meyers and 
Cantor, 1966, 1967) or real faces (Charles- 
worth, 1966) 

Parameters of Stimulation The habituation 
phenomenon has been used to study the 
rapidity with which a child reaches a stable 
low level of response as a function of a vari- 
ety of stimulus parametei s The dimension of 
stimulus complexity has been studied with 
flashing or moving lights varymg m pre- 
dictability of shift in location (Cohen, 1968, 
Haith et al , 1969, Kagan and Lewis, 1965) 
Investigators have examined rate of habit- 
uation as a function of stimulus duiation 
(Bndger, 1961, Clifton et al, 1968, Keen, 
1964, Keen et al , 1965) intei stimulus interval 
(Bartoshuk, 1962, 1964, Bndger, 1961, Keen, 
1964, Pratt, 1934a, 1934b), and the interval 
between familiarization and test (Pancratz 
and Cohen, 1968 ) Oddly, with few exceptions 
(Barnet and Goodwin, 1965, Bronshtein et al , 
1958, Engen et al , 1963) the effect of stimulus 
intensity on habituation rate has not been 
extensively studied Finally, Charlesworth 
(1966) studied the effect of predictability of 
the spatial location m which a face would 
appear on persistence of a child in playing a 
game 

Responses, Although the primary measure 
used m habituation studies of animals and 
adults is desynchronization of the EEG pat- 
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tern, no studies using this measure on infants 
have been leported Barnet and Goodwin 
(1965) found no habituation of the evoked 
potential with repeated presentations of chck 
stimuli Heartrate change or latency to peak 
heartrate change has been used as the response 
m a number of studies (Barnet and Goodwin, 
1965, Bartoshuk, 1962, 1964, Bndger, 1961, 
Canestrim, 1913, Clifton, 1968, Eisenberg 
et al , 1966, Engen et al , 1963, Kagan and 
Lewis, 1965, Keen et al, 1965, McCall and 
Kagan, 1967, Meyers and Cantoi, 1966, 
1967) Among the remaining physiological 
measures which have been used aie respiration 
(Canestrim, 1913, Engen and Lipsitt, 1965, 
Engen et al , 1963, Keen et al , 1965, Leven- 
thal and Lipsitt, 1964, Peipei, 1963), galvanic 
skm response (Jones, 1930), and galvanic 
skm potential (Stechlei, 1966) 

The cochleopalpebral response was repoit- 
edly used by Moldenhauer m 1881 (Peiper, 
1963) and more recently was used by Eisen- 
beig et al (1964) Behavioial startle or com- 
ponents of the staitle response have been used 
m a number of studies of newborn habituation 
(Barnet and Goodwin, 1965, Bndgei, 1961, 
Eisenberg et al , 1966, Eisenberg et al , 1964, 
Peiper, 1925, 1963) Total fixation time, num- 
ber of looks, and duration of fiist fixation were 
measures in studies using single visual stimulus 
presentations (Cohen, 1968, Kagan and Lewis, 
1965, Lewis et al , 1966, McCall and Kagan, 
1967, Meyeis and Cantor, 1966, 1967, Pan- 
cratz and Cohen, 1968, Saayman et al , 1964), 
multiple-stimulus presentations (Cohen, 1968, 
Fantz, 1964, Saayman et al , 1964), and dis- 
plays of moving lights (Cohen, 1968, Kagan 
and Lewis, 1965, Lewis et al , 1966) 
Habituation of suppiession of ongoing ac- 
tivity has been studied using the sucking le- 
sponse (Bionslitem et al , 1958, Haith, 1966, 
Haith et al, 1968, Kaye and Levin, 1963, 
Keen, 1964) and limb or body activity (Engen 
and Lipsitt, 1965, Engen et al , 1963, Haith 
et al , 1968, Kagan and Lewis, 1965, Leven- 
thal and Lipsitt, 1964, Pratt, 1934) Finally, 
the decrease m vocalization over trials to both 
auditory and visual stimuli has been studied 
by Kagan and Lewis (1965) 

Central Factors m Habituation If the pro- 
cess of habituation depends on central ner- 
vous system involvement m the form of 
model-buildmg of prior input, one might sus- 
pect that the rate of habituation would reflect 


the relative integrity of certain biam struc- 
tures Bronshtein et al (1958) reported that 
habituation of sucking suppi ession to auditory 
input did not occur in about half of the in- 
fants suffering trauma at buth whereas it 
occurred in almost three-quarters of the nor- 
mals Slower habituation was reported m the 
“suspect” babies even after the signs of the 
trauma had disappeared and they were con- 
sidered clinically noimal Absence of habitua- 
tion to sound stimuli was also reported m 
hydrancephahc infants Eisenberg et al 
(1966) lepoited that wheieas normal infants 
lequired from 20 to 37 trials to habituate to a 
modulated tone falling from 5000 to 200 Hz 
m 4 seconds, 2 “suspect” babies required al- 
most twice as long and 2 high-risk babies re- 
poitedly did not habituate at all 

Age Factors m Habituation Although the 
lole of maturation in affecting rate of ha- 
bituation is an important issue theoretically, 
age variation is sorely undenesearched Theie 
seem to be no pubhshed studies which have 
explored habituation m the same infants over 
seveial months m the first two years of life, 
although such a study is now being carried 
out (Kagan, personal communication) A few 
cross-sectional age studies have been earned 
out but have usually covered only a small 
age range Cohen (1968) found a some- 
what faster falloff in fixation time to patterns 
of flashing lights over trials in 18- than in 
13-week-old infants Fantz (1964) found re- 
duced attention to repeatedly presented pic- 
tures and increased attention to a novel 
picture m infants between 2 and 6 months 
of age but not m infants between 1 and 2 
months Lewis et al (1966) found a fairly 
direct lelationship between the decrement m 
fixation time to flashing lights and to faces 
as a function of age, infants generally ha- 
bituated faster with increasing age over the 
first 18 months of life 

The hteratuie is inconsistent with regard to 
rate or presence of habituation m very young 
infants Fleischer (1953) and Peiper (1963) 
have both reported habituation of movement 
in the fetus to a strong auditory stimulus 
Peiper (1963) also reported habituation of a 
respiratory response to auditory stimuli in 
premature babies, but Polikanma and Poba- 
tova (1955) reported no habituation of the 
orienting response to sound m premature 
babies They did find habituation m full- 
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terms Bronshtein et al (1958) discussed the 
findings of other Russian investigates who 
reported a "delay m cessation” of responding 
in prematuie but healthy infants Analysis of 
age differences m habituation ovei the first few 
days of life by American investigators have 
geneially produced negative results (Barto- 
shuk, 1962, Haith, 1966, Keen et al , 1965) 

Sex Differences m Habituation The role of 
sex m determining piesence and late of ha- 
bituation is somewhat perplexing Studies in- 
vestigating sex differences in newborn ha- 
bituation have had negative outcomes (Haith, 
1966, Keen, 1964) Meyers and Cantoi 
(1966) leported mci easing heart rate lespon- 
siveness to pictuies over trials by males and 
decreasing responsiveness by females (5 
months of age), which would suggest faster 
habituation by females This finding was 
suppoited m a study by McCall and Kagan 
(1967) m which it was shown that discrep- 
ancy between old and new stimuli was an 
effective variable m the comparison of lespon- 
siveness for 4-month-old females but not for 
males Howevei, these findings to some ex- 
tent are contradicted m othei studies by the 
same investigates Kagan and Lewis (1965) 
found a significant decrement in responsive- 
ness for male, but not foi female, 13-month- 
olds to blinking lights Meyeis and Cantoi 
(1967) found a laiger diffeience m heait late 
responsiveness to novel stimuli in 6-month- 
old males than m females Moieover, Pan- 
cratz and Cohen (1968) found habituation 
to pictures of geometric objects m 4-month- 
old males but not m females and also se- 
lective recovery of response to a new stim- 
ulus picture m males but not m females 
Lewis et al (1966), studying habituation of 
fixation time to pictures m 3-, 6-, 9-, 13-, and 
18 -month-old infants, found sex of the baby 
to be irrelevant to rate of habituation 

State and Habituation Only Bamet and 
Goodwin (1965) have specifically studied ha- 
bituation as a function of the baby's state 
Further, such data are essential to a complete 
undei standing of the mechanisms involved m 
habituation There is the danger that many 
of the studies repoitmg age diffeiences, the 
effects of bnth trauma, and the effects of 
various paiameters of stimulation have inad- 
vertantly studied the effects of state on rate 
of habituation 


Problems m the Interpretation of Habituation 
Studies 

The baby's tendency to lespond less and 
less to repeated stimulation cannot be m- 
teipreted uniformly as habituation Appro- 
priate conti ol manipulations must be used to 
eliminate alternative mterpietations of re- 
sponse decrement 

Studies of habituation m infants have typ- 
ically been conceined with eliminating three 
determinants of lesponse decrement sensory 
accommodation, effectoi fatigue, and state of 
alertness oi aiousal Sensory accommodation 
is generally not a pioblem m behavioral 
studies, especially when auditoiy or visual 
stimuli aie used Foi example, Bainet and 
Goodwin (1965) found no deciement m the 
evoked potential to sound m newborns even 
when 250 clicks weie presented at a 1-pei- 
second late Howevei, expeiiments which use 
exceptionally long stimulus duiations and 
bnef intei stimulus mteivals (Bridgei, 1961) 
may be vulneiable to the effects of sensoiy 
accommodation (Baitoshuk, 1964) Response 
decrement to olfactoiy stimuli is moie difficult 
to interpret because the olfactoiy receptois 
adapt lelatively lapidly and recover slowly 
(Engen and Lipsitt, 1965, Engen et al , 
1964) The involvement of effector fatigue as 
an alternative to habituation can be eliminated 
by showing that a novel stimulus will still 
produce a lesponse Pioceduies used to rule 
out effectoi fatigue will be consideied m 
greater detail later A far moie pervasive 
problem than sensory accommodation or ef- 
fectoi fatigue m infant habituation studies is 
holding the infant's state of aleitness oi 
arousal constant thioughout the experiment 
A numbei of studies reported eailiei m the 
present chaptei demons ti ate the pioposition 
that infantile responsiveness is affected by 
state Moieovei, level of arousal changes 
lapidly m infants and most lapidly m new- 
borns Therefore the possibility must be con- 
sideied that, without suitable controls, find- 
ings of lesponse decrement i effect progiessive 
diowsmess or progiessive nutation rather than 
habituation A number of studies have, in 
fact, discussed "habituation" m a paradigm 
with no controls foi state change (Barnet 
and Goodwin, 1965, Haith, 1966, Kagan and 
Lewis, 1965, Lewis et al , 1966, Peiper, 
1963) A more subtle difficulty is that investi- 
gators attentive to the issue of aleitness have 
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often considered “state” to be affected only 
by the amount of time the baby is m the 
expenment An impoitant variable controlling 
state, howevei, is likely to be the stimulus 
which is presented to the baby as part of the 
expei imental legimen For example, some 
studies have used stiong stimuli which initially 
elicit startle responses (Barnet and Goodwin, 
1965, Bndgei, 1961, Peiper, 1925, 1963) 
or a concomitant of the defensive reaction 
such as heart late acceleration (Bartoshuk, 
1962, 1964, Bridger, 1961, Clifton et al , 
1968) But a child who has been “frightened” 
by a strong stimulus cannot be assumed to be 
in the same state after its presentation as he 
was before If awakened by a startle response, 
the infant may sink into an even deeper sleep 
afterwaid, with the consequence that he will 
be less responsive to additional stimulations 
Wolff's (1966) observations on “fieely dis- 
placeable energy,” as well, suggest a contin- 
uing effect of a startling stimulus It is also rea- 
sonable to expect that piesentation of very 
rhythmic stimuli often used in habituation 
studies may produce drowsiness in babies 
For example, consider the case m which in- 
fants are presented with a rhythmic stimulus 
for 24 trials (Cohen, 1968) As an apparent 
conti ol for change m state, another group 
waits a penod equivalent to the duiation of 
20 trials and then is presented with the lhyth- 
mic stimulus foi 4 trials, A diffeience m re- 
sponse between the groups on the last 4 tnals 
might reflect, not habituation, but diowsiness 
m the expei imental group produced by the 
stimulus itself 

Test of Response Recovery and Dishabitua- 
tion Investigators have used a lesponse-re- 
covery strategy to eliminate state-change and 
effector-fatigue interpretations of response 
decrement A second stimulus S„ is presented 
after the infant's response to the first stimulus 
S : has waned If the novel S 2 but not the 
familiar S t elicits a response, then neither 
vanation-of-state nor effector-fatigue inter- 
pretations can be invoked to account for lack 
of responsiveness to S a Clearly, however, one 
must insure, either through counterbalancing 
Sj and S 2 or by othe; procedures, that S 2 is 
not always more effective m eliciting the 
response than Sj 

Yet another method of demonstrating habit- 
uation to $ l believed to eliminate the problem 
of equating responsiveness to S 1 and S 2 is 


the dishabituation paradigm — first S l9 then 
S 2 , and then Si again, aie each presented a 
numbei of times If a response decrement 
to a repeated Si is obtained which lecovers 
after Sj, the earlier dimmuation of responding 
is not easily attnbutable to effector fatigue 
or a consistent shift m state However, the 
effect of Si in this paiadigm may be on 
the state of the organism A number of 
investigators have argued that S 2 does not 
in fact disrupt the process of habituation, 
rather, its piesentation increases general ex- 
citability and potentiates the later response to 
S t (Sokolov, 1960, Thompson and Spencer, 
1966) Only a few studies on infants have 
used precisely the dishabituation paiadigm 
(Bartoshuk, 1964, Keen, 1964, Pancratz and 
Cohen, 1968) 

Variants on the preceding two procedures 
have been used by a numbei of investigators 
Pancratz and Cohen (1968) showed 4-month- 
old infants a geometric form ( S a ) for 10 
trials The babies weie then given 6 trials 
during which familial stimulus trials alter- 
nated with trials on which novel stimuli were 
presented A similai design was used by Meyei s 
and Cantor (1967) In an ingenious design, 
hfeyers and Cantor ( 1966) controlled familiar- 
ity on a continuum for several stimuli at the 
same time Four diffeient pictures were pre- 
sented to babies in four phases In phase 1, 
one stimulus (Si) was shown 4 times, m phase 
2, S 1 and a second stimulus (SJ were each 
presented 4 times, m phase 3, S l3 S 2 , and S, 
were each presented 4 times, m phase 4, S 2 , 
S 2 , S 3 , and S 4 were each shown 4 times Thus 
m phase 4 the ratio of familiarity of the stim- 
uli was 4 3,2 I 

Fantz (1964) used a simultaneous-pre- 
sentation method to explore the effects of 
stimulus familiarity on fixation time A group 
of 28 infants 6 to 25 weeks of age weie given 
10 paired-comparison stimulus piesentations, 
1 minute m duration, with a particular stim- 
ulus shown on every trial (SJ and the other 
changed on every tnal (S 2 ) Infants 2 to 3 
months of age and 4 to 6 months of age 
showed a decrement m relative amount of 
looking at the novel stimulus over trials but 
no reliable effects of novelty was demon- 
strated for children I to 2 months of age or 
3 to 4 months of age 

An interesting modification of the test foi 
specificity of i espouse decrement was earned 
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out by Engen and Lipsitt (1965) in what 
might be called a whole-part design Two 
groups of newborns were fiist given familiar- 
ization trials m which they were presented a 
mixture of amyl acetate and heptanol and then 
tested on amyl acetate or heptanol separately 
In a study using spatial shift as the dimension 
on which S x and S 2 differed, Leventhal and 
Lipsitt (1964) habituated newborns to a tone 
m one ear and then presented the tone m the 
other ear, and found response recovery A 
still different way of testing specificity was 
used by Bartoshuk (1964) and by Eisenberg 
et al (1966) Following the earlier lead of 
Sharpless and Jasper (1956), these investiga- 
tors first repeatedly presented a frequency- 
modulated tone and then reversed the ordei 
of frequency changes to test for specific 
habituation Such a procedure nicely equates 
the amount of total energy m S T and S 2 but not 
necessanly the potency 

The problem of equal potency can easily 
be solved by counterbalancing assignment of 
the stimuli, but such a control is missing in 
studies of auditory habituation (Bartoshuk, 
1964, Eisenberg et al , 1966), olfactory habit- 
uation (Engen and Lipsitt, 1965) , and studies 
of habituation to stimulus location (Leventhal 
and Lipsitt, 1964) Reports of procedure m 
some studies have not been complete enough 
to judge whether or not adequate counter- 
balancing was used (Bndger, 1961, Bron- 
shtein et al , 1958) Still other studies, often 
cited as demonstrating habituation, have used 
reasonable counterbalancing precautions but 
have not found evidence of selective response 
decrements (Keen, 1964, Leventhal and 
Lipsitt, 1964) 

The necessity for counterbalancing is often 
subtle Eisenberg et al (1966) repeatedly 
presented to newborns a 4-second tone falling 
from 5000 to 200 Hz, with resulting habitua- 
tion When the modulated tone was presented 
m reverse, increasing from 200 to 5000 Hz, 
the infants showed increased response It is 
possible that the infants were responding only 
to the early portion of the signal and that 
lower frequencies elicited gi eater responsive- 
ness A similar argument can be made to 
Bartoshuk’s (1962b) study of response to 
patterned stimuli In a somewhat diffeient 
manner, Leventhal and Lipsitt (1964) re- 
peatedly piesented a stimulus to newborns m 
one ear and then tested for location-specific 


habituation by presenting the stimulus to the 
othei ear Significant recovery of responsive- 
ness to the stimulus m the new location was 
found, but asymmetry of brain oi ear may 
have been operative (Tuikewitz et al , 1966) 
There have been only a few studies that 
have used a complete counterbalanced design 
or randomization of stimuli ( Engen et al , 
1963, Fantz, 1964, Meyers and Cantor, 
1966, 1967, Pancratz and Cohen, 1968) 

Taken as a whole, the habituation litera- 
ture confirms the notion that with experience, 
even newborn mfants modify their responses 
to a wide range of signals Few behavioral 
phenomena rival habituation m usefulness as 
a measuie of the infant’s sensitivity and few 
have as many implications foi theories of 
psychological development Future research 
on the control of habituation by vanation m 
stimulus, age, and peisonal characteristics 
will further clarify the role of habituation in 
the baby’s eaily adaptation to the environ- 
ment 

THE CASE OF EARLY VISION 

Considerations of Anatomy and Physiology 

Although anatomical and neurophysiologi- 
cal differences between the visual systems of 
newborn and adult do not necessanly imply 
qualitative functional differences, gross dis- 
crepancies often provide a lead toward assess- 
ing differences m visual capacity The eye 
approximately doubles m size and weight 
from birth to matunty (Mann, 1964), but 
there is great variability m growth rate from 
one part of the eye to anothei The greatest 
relative postnatal gam is in the ins, ciliary 
body, and choroid, the growth of the lens, 
retina, antenor chamber, cornea, and mtra- 
bulbar portion of the optic nerve is distinctly 
less than of the eyeball as a whole The cor- 
nea is relatively large at bnth and corneal 
lefraction is high The newborn lens is more 
spherical than the adult’s, a fact that is piob- 
ably relevant to newborn refractive processes, 
as is the differential development of the ciliaiy 
muscles The retma is not fully diffeientiated 
at birth The nuclei are closer togethei and 
more numerous m the various nuclear layers, 
the macula is not fully developed, and al- 
though the distance from the optic disc to 
the macula is the same as in the adult, a line 
passing through the center of the cornea and 
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lens will at birth stake the letina at a point 
between the fovea and the disc Fiom the 
eighth month of intrauterine life to the fourth 
month after birth, the macula undergoes 
constant differentiation Dunng this penod the 
nuclear and bipolar layeis thin, the cone 
nuclei increase m numbei, the cones them- 
selves become highly specialized, and the 
fovea externa develops 

At birth the fibers of the optic nerve are 
myelinated, but the nerve sheath is thinner 
than in the adult Myehnization of the optic 
nerve is complete about the tenth week after 
birth Although it appears fairly certain that 
the central nervous system (CNS) contains 
its entire allotment of neurons at birth, there 
is evidence to suggest that later cortical 
myehnization, differentiation, and rearrange- 
ment of these neurons occurs (Conel, 1939, 
1941) All in all, however, the anatomical 
evidence points to intact, if immatuie, visual 
structures at birth (Ellmgson, 1960, Hersh- 
enson, 1965) 

Physiological and neurophysiological evi- 
dence also tends to point toward relatively in- 
tact and well- developed visual structuies 
Contrary to the earlier findings of Zetter- 
strom (1951, 1952, 1955), Horsten and Win- 
kelman (1962, 1964, Wmkelman and Hor- 
sten, 1962) found cones as well as rods 
clearly distinguishable m the seventh month 
of gestation and were able to record electio- 
retmograms (ERG) m the newborn not essen- 
tially different from those of the adult Barnet, 
Lodge, and Armington (1965) also demon- 
strated a response to light of long wave- 
length m the newborn ERG As Heishenson 
(1965) points out, although the maturation 
of the retina continues throughout childhood, 
there is little doubt that both the photopic 
and scotopic systems are differentiated and 
functional at birth 

It is more difficult to assess the develop- 
mental level of neurophysiological function 
m the CNS at birth Bartoshuk ( 1964, Barto- 
shuk and Tennant, 1964) has shown that sub- 
stantial sleep-wake differences can be found 
m newborn EEG records, that there is a 
reasonable amount of bilateral covariation, 
and that sustained slow rhythmicity is present 
Yet evoked responses in the visual system 
are immature in a number of ways, they 
vary m form and amplitude, they show a 
longer latency than adult responses (Ellmg- 


son and Lmdsley, 1949, Smith, 1938a, 1938b, 
1939), and then appearance is confined to 
the occiput, oi, at best, they aie found in 
other areas only infrequently and with vari- 
able shape and extreme sensitivity to changes 
m fiequency (Elhngson, 1958, 1960) How- 
ever, these featuies may only reflect quan- 
titative immaturity — slower conduction, stiuc- 
tural and metabolic propeities of an imma- 
ture biam, and a sluggish activation system 
(Heishenson, 1965, Hrbek and Mares, 1964a, 
1964b) In sum, the neuial pathways of 
vision are apparently functional at birth but 
neurophysiological indicators of functioning 
usually show differences m degree from the 
patterns of adults 

Oculomotor Facility and Reflexes of the Eye 

Gross Postural Adjustments Although the 
neck muscles are poorly developed at birth 
and the head will flop if the baby is held 
erect, there is evidence to indicate that the 
newborn, when lying on his back, can make 
certain immediate adjustments of the head 
in response to visual stimulation Gutman 
( 1924) reports turning away of the head from 
noxious stimulation m newborns A number 
of researchers (Blanton, 1917, Genzmer, 
1882, Moore, 1896, Peipei, 1928, Preyer, 
1888, Shinn, 1893, Talbot, 1882) have ob- 
served slow, inaccurate, but nevertheless con- 
sistent, positive orientation of the head, as 
well as the eyes, to light stimuli of relatively 
low intensity McGinnis (1930) reports slight 
newborn head movements m the direction of 
moving stripes Ling (1942) obseived adjust- 
lve head movements to bring a moving disc 
into view from the first days of life onward 

Oculomotor Responses The most convinc- 
ing overall evidence that infants under 5 
days of age are capable of selective ocu- 
lomotor response is to be found in studies of 
visual prefeience to be dealt with later 
Briefly, both casual observation and con- 
trolled experimentation have indicated that 
the alert newborn, when presented with two 
visual stimuli, will sometimes orient the head 
and eyes more toward one than the other 
(Fantz, 1956, 1963, 1965, Heishenson, 1964, 
Hershenson, Munsmger, and Kessen, 1965, 
among others) The fact that some type of 
differential response is possible even m thus 
early period of life implies the presence of 
a certain degree of visual sensitivity The 
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level of sensitivity can be assumed to depend 
on a number of factors contributing to selec- 
tive oculomotor responding — the pupillary re- 
flex, monocular adjustment and binocular co- 
ordination, accommodation of the lens, the 
area of the retina on which the image falls, 
and the physiological state of the receptors 
and leceptor pathways In addition to the 
general and indirect evidence in favor of 
early oculomotor capacity drawn fiom studies 
of preference, there exists well-controlled ex- 
perimentation on specific aspects of selective 
oculomotor responding in the infant 

Pupillary Reflex Early researchers gener- 
ally agreed that the pupillary reflex is func- 
tional and lively at birth (the evidence is sum- 
marized by Pratt et al , 1930) Sherman, 
Sherman, and Flory (1936) and Beasley 
(1933) found that the reflex, although some- 
what sluggish at birth, rapidly perfects itself 
during the early part of the first week There- 
fore it appears almost certain that there is 
early regulation of the light entering the eye 
when looking occurs under conditions of vary- 
ing brightnesses As a caution, however, it 
must be noted that Ling (1942) reported a 
positive correlation between level of illumina- 
tion, duration of fixation, and number of eye- 
blinks in infants under four weeks of age 
The finding indicated that while the pupillary 
reflex occurs, the newborn experiences some 
difficulty m adapting comfortably to increases 
m illumination, a difficulty that may be re- 
lated to the lack of pigmentation m the 
ins and the incomplete development of the 
sphincter and dilator of the pupil at birth 
(Mann, 1964) 

Monocular Adjustment and Binocular Co- 
ordination Almost every type of eye move- 
ment can be recorded from the newborn 
(Ling, 1942) but there exists virtual una- 
nimity that control of the eyes improves ovei 
the first few months (Dayton and Jones, 
1964, Dayton, Jones, Steele, and Rose, 1964, 
Duke-Eldei, 1949, Ling, 1942, McGinnis, 
1930) 

The one-eye response of the newborn to 
simple geometrical forms has been reported by 
Salapatek (1967) Binocular optokinetic nys- 
tagmus has been reliably elicited just aftei 
birth m a number of experiments (Dayton, 
Jones, Aui, Rawson, Steele, and Rose, 1964, 
Fantz, Ordy, and Udelf, 1961, Gorman, 
Cogan, and Gellis, 1959, McGinnis, 1930) 


McGinnis (1934) recorded coordinate com- 
pensatory eye movements in a baby as young 
as 3 days of age, but such eye movements 
appeared rather late m the average infant 
(about 2 to 3 weeks of age) Ling (1942) 
found evidence of coordinate compensatory 
eye movements at 32 hours of age but also 
found that until the fourth or fifth week of 
age, the movements were effective only for 
head movements of veiy low velocity and 
very limited scope 

There exist widely divergent opinions as to 
the time of the first appearance of binocular 
fixation (Beasley, 1923, Duke-Elder, 1949, 
Lucas, 1927, Feldman, 1920), Ling (1942) 
pointed out that diffeiences m the literatuie 
are largely ascnbable to differences m the 
definition of fixation and to the absence of a 
distinction between conjugate deviation and 
convergence coupled with the failuie to re- 
cord either accurately Ling, using direct ob- 
servation and photographic technique, found 
that, although the eyes moved coordmately 
m the same dnection from the very first days 
following birth, binocular convergence first 
appeared as a series of small globus jerks only 
at a median of 4 weeks of age and did not 
become a smooth continuous process until 
about 8 weeks of age It is somewhat unfor- 
tunate that Ling studied binocular fixation 
and convergence m response to a 2-mch cir- 
cular disc slowly moving m and out radially 
through a distance ranging from 2 inches 
from the eyes to 36 inches from the eyes 
Haynes, White, and Held (1965) have shown 
that the infant does not exhibit any great 
degree of variable accommodation until ap- 
proximately 2 months of age but, rather, 
accommodation is fixed and appiopriate only 
for objects about 8 inches from the eyes In 
Ling's study, therefore, it is possible that early 
absence of convergence simply reflected a 
lack of the ability to maintain focus upon the 
disc as it moved Wickelgren (1968), with 
precise photographic recording, found that 
diveigence or ocular flare was uniformly 
present m the first days of life 

Reseaich concerned with the newborn's and 
young infant's ability to follow moving stimuli 
with the eyes has tended, m more controlled 
situations, to find a series of jerky fixations 
and refixations coupled with relatively good 
conjugate deviations of the eyes (see McGin- 
nis, 1930, for a summary of early work) 
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McGinnis found that dm mg the first two 
weeks (even m the first hours after birth) 
movements of the visual field had a definite 
effect upon eye movements However he also 
found that during the first two weeks, al- 
though the majority of the eye movements 
tended to be m the direction of the move- 
ments of the object, the pursuit movements 
weie often bioken by large movements m the 
opposite direction He also found that first 
sustained pursuit at three to four weeks of 
age consisted of many jeiky refixations, but 
that, by six weeks of age, ocular pursuit was 
smooth and involved effective head move- 
ments 

Dayton and his co-workers (Dayton and 
Jones, 1964, Dayton et al , 1964) have pro- 
vided evidence that argues for the capacity 
of newborn infants to puisue moving objects 
visually Electrooculographic recordings were 
taken from each eye separately while babies 
were presented with dots 14 inches » above 
the eyes An observer judged, and marked on 
the electrooculographic record, when pursuit 
was occurring From birth there was a re- 
markable coincidence of horizontal move- 
ments from each eye when the dot was being 
followed However, there was a substantial 
change over age, refixations m the newborn 
varied from 1 to 1 5 per second, m the adult, 
measurable refixation movements rarely oc- 
curred In the infant the fiequency of these 
movements decreased gradually up to 3 
months of age The amplitude or the excursion 
of the refixations m degrees was very large in 
the newborn, varying from 8 to 20°, but by 3 
months of age decreased to from 4 to 8° The 
velocity of the eye movements was found to 
vary directly with the velocity of the moving 
dot and conjugate movements were found 
when the target was moved randomly at a 
variable speed 

Accommodation of the Lens The struc- 
ture of the eye at birth would lead one to 
believe that the newborn eye would be fai- 
sighted (Mann, 1964) Evidence from experi- 
ments where the ciliary muscles weie immo- 
bilized by ati opine have almost without 
exception indicated the predominance of hy- 
peropia m newborns (Cook and Glasscock, 
1951, Duke-Elder, 1949, Pratt, 1954, Pratt, 
Nelson, and Sun, 1930, Slataper, 1950) 
However, as Duke-Elder (1949) points out, 
in the normal state the lens is not immo- 


bilized and therefore can sometimes correct 
for extralens refractive errors by means of 
appropriate accommodation when these errors 
are not gross Haynes, White, and Held 
(1965, White, 1963) tested accommoda- 
tive responses under nondrugged conditions 
throughout the first four months after birth 
The experimenters measured accommodation 
to a fixated red annulus with a retmoscope 
within four ranges of distance Prior to one 
month of age the infant’s accommodative re- 
sponse did not adjust to changes m target 
distance, but rather the system appeared to 
be locked m at one focal distance whose 
median value for the group was 19 centi- 
meters Flexibility of lesponse began at about 
the middle of the second month of age, and 
performance comparable to that of the nor- 
mal adult was attained by the fourth month 
Central and Peripheral Vision There is 
known to be an increase m the density and 
a rearrangement of macular receptors m the 
early months and a correlated improvement 
m the baby’s ability to fixate centrally Ling 
(1942) ignored the problem of central fixa- 
tion m newborns, stating that such a question 
was insolvable because no test could be de- 
vised that would ascertain whether or not the 
image actually fell on the macula Fantz 
et al (1962) sought to answer the question 
by comparing the number and direction of 
separate fixations on a stripped figuie and a 
plain surface figure presented simultaneously 
to infants ranging m age from 1 to 22 weeks 
Both measures indicated preference for the 
striped pattern in all infants However, as 
Fantz noted, the stimulus object, when cen- 
trally fixated, occupied peripheral as well as 
macular portions of the retina 

Visual Acuity It is important m vision both 
to be able to get the eye to where it should 
be and also to be able to see clearly what is 
theie when the eye arrives Gorman, Cogan, 
and Gellis (1957), measuring optokinetic 
nystagmus to a field of moving stripes m in- 
fants under 5 days of age, found that 93 of 
100 infants responded to stripes subtending 
a visual angle of only 33 5 minutes of arc 
Although Gorman and his co-workers’ find- 
ing, m itself, is impressive evidence for the 
existence of a fair degree of visual acuity m 
the newborn infant, Fantz, Ordy, and Udelf 
(1962) have pointed out that the reflex re- 
sponse to a moving pattern occupying most of 
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the visual field may be a very different type 
of visual performance from the “voluntary” 
attention to the pattern of localized stationary 
objects (Riesen, 1960) Fantz et al pre- 
sented infants 1 to 22 weeks of age with two 
stationary stimuli at varying distances, one of 
which had stripes of varying widths and the 
other of which was a plain grey surface It 
was found that the infants under 2 months of 
age fixated most upon the stuped stimulus if 
the stripes were as narrow as 40 minutes of a 
visualy angle Between 2 and 4 months the 
minimum width necessary m order to bring 
out this preference was only 20 minutes, and 
for infants older than 4 months only slightly 
more than 10 minutes of visual angle In a 
more recent study, Fantz (1965) reported 
even finer acuity m young infants Dayton and 
his associates (Dayton, Jones, Aiu, Rawson, 
Steele, and Rose, 1964) add further substan- 
tiation to the impressive acuity capabilities of 
the newborn They found at least 20/150 vi- 
sion m newborns by eliciting optokinetic nys- 
tagmus to moving stripes of different widths 

Dimensions of Effective Visual Stimulation 

Brightness Blanton (1917) reported that 
many of the newborn infants she observed 
fixated a light She also reported that one in- 
fant, 34 days of age, when placed m bright 
sunlight first shut his eyes then opened them 
and stared straight at the sun with his pupils 
constricted According to Champneys (1881), 
his son, when 1 week old, looked at a can- 
dle, and bright light always gave him much 
pleasure throughout the first 9 months of his 
life Hall (1891) observed a baby blink and 
turn his head away from direct sunlight on 
the first day of life The infant also exhibited 
“surprise and fear” when he encountered a 
sunny window However, on the second day 
following birth the infant turned his eyes and 
then his head toward a lamp set at 90° from 
midhne Watson (1925) found that newborns 
and infants moved their eyes toward a faint 
light m a dark room 

Heishenson (1964) presented 20 newborns, 
2 to 4 days of age, with paired combinations 
of three uniform grey panels of differing 
brightness He found that newborns oriented 
more toward the panel of intermediate than 
qf dim or bright intensity and more toward 
the panel of bright than of dim intensity 
Hershenson concluded that these significant 


tiansitive preferences were indicative that 
brightness exists as a discrimmable dimension 
of stimulation foi the newborn Salapatek 
(1968) repoited interactions between bright- 
ness of figure and ground that are relevant to 
preference Until preference is assessed m 
visual fields not containing sharp brightness 
transitions and in fields containing paramet- 
rically varied figure-ground brightness latios, 
the exact nature of the relationship between 
brightness and fixation preferences will re- 
main unclear 

Apart from the question of pieference for 
varying bnghtness, a large body of experi- 
mental evidence indicates that the newborn 
and infant differentially respond to vanous 
brightness values m lesponse systems other 
than visual orientation (Irwin and Weiss, 
1934, Pratt, 1934, Redfield, 1939, Smith, 
1936, Weiss, 1934) Weiss (1934) reported 
decreased bodily activity with increases of 
light intensity Other investigators (eg, Pratt, 
1934, Smith, 1936) have found variations m 
activity level as a function of brightness by 
infants whose eyes were closed and who 
were presumably asleep 

Dons, Felzen, and Poresky (1968) rea- 
soned that, because the retina at biith may 
be functionally more of a rod retina than a 
mixed rod and cone retina, it was possible 
that the relationship between visual acuity 
and brightness would not be as marked in 
the newborn as in the older infant or adult 
They tested the visual acuity of 20 newborns 
under 2 levels of brightness Dons et al argue 
that the pattern of their results is consistent 
with the hypothesis that visual acuity m the 
newborn period is not as sensitive to changes 
m bnghtness as it is in the case of 2- to 4- 
month-olds 

Color Color, unlike bnghtness, has been 
studied in numerous observations and experi- 
ments since the late nineteenth century How- 
ever, the failure to control differences m 
bnghtness has caused grave difficulties m in- 
terpreting the results of research on infant 
color perception, Color discriminations by 
newborns and young infants may be on the 
basis of brightness alone, equating colored 
stimuli to be of equal intensity by adult stan- 
dards may be an inadequate bnghtness con- 
trol for research With newborns (Pratt, 1954, 
Mann, 1965) 

Preyer (1888) gave his son identical forms 
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of different colois The child could not dis- 
criminate the colors until 21 months of age, 
when he became able to discriminate red and 
yellow from the series Baldwin (1925) re- 
marked on a 9-month-old infant who pre- 
ferred blue to other colors Holden and Bosse 
(1900) studied 30 infants and found that 
none younger than 6 months of age responded 
to color, thereafter, red, orange, and yellow 
were the preferred colois Marsden (1903a, 
1903b) held up two colored cards before his 
son and moved them apart to see which was 
followed, latei he used grasping and reaching 
as measures of discrimination The infant first 
perceived and followed the yellow caid at 
4 months and soon afterward followed the red 
one as well McDougall (1908) found that 
two infants first differentially grasped colored 
objects at 5 months, red was prefeired to 
green and blue Myers (1908) found that his 
single subject first prefeired red and yellow 
at the age of 6 months by giaspmg those 
colors instead of otheis as did Wooley's 
(1909) baby In observations of several in- 
fants from 1 to 14 days of age Canestnni 
(1913) found no distinct physiological re- 
actions to different colors After concluding 
that bnghtness and novelty influenced the 
babies' choices, Valentine (1914) showed 
that yellow and red were moie readily fol- 
lowed and grasped 

A series of studies has used the Purkmje 
shift as an indication of infant color percep- 
tion Peiper (1963) m 1927 piesented white 
and colored lights to four light- and dark- 
adapted premature infants He measured 
their threshold with the eye-neck leflex to 
light flashes Peiper found that foi light- 
adapted subjects yellow had the greatest 
brightness value and, when the infant was 
dark-adapted, that blue had the gieatest 
bnghtness value Unfoitunately, Peiper’s re- 
sults were not definitive, only one of his 
four subjects showed an unmistakable Purkmje 
shift of relative brightness values toward 
the short end of the spectrum as found 
in adults Smith (1936) questioned Peiper's 
data and method From a study of 20 in- 
fants m which change m activity was the 
measure of response, she concluded that new- 
born males are totally color blind and that 
females are partially color blind Trincker and 
Trmcker (in Peiper, 1963) m 1954 used 
Peiper's method with infants up to 10 weeks 


of age and found the Purkmje shift uniformly 
The degree of the shift increased with age 
Pratt et al (1930) equated colors for in- 
tensity by adult standards and measured in- 
fant's activity changes to stimuli The results 
strongly supported the conclusion that re- 
sponding was dependent on brightness rathei 
than color 

Staples (1931, 1932) studied visual orien- 
tation and grasping m 262 infants from 10 
weeks to 2 years of age Colored stimuli were 
consistently looked at and grasped more than 
a grey comparison stimulus Red was selected 
more than any other color paired with it 
Staples concluded that color was peiceived 
to some degree by 3 months of age The 
most careful of the early studies on infant 
color peiception was carried out by Chase 
(1937) She assumed that only if the infant 
could discriminate between colors equated for 
intensity would he be able to follow one color 
moving across a backgiound of anothei color 
The subjects were 24 infants from 15 to 70 
days of age Pursuit was observed m 90 to 
100% of all presentations involving different 
colors Control presentations (in which stim- 
ulus was the same color as the field) elicited 
no pursuit at all 

Stnnimann (1944) measured the duration 
of gaze on colored cards varying m saturation, 
bnghtness, and position m 350 newborn in- 
fants In the first two weeks of life, blue was 
pieferred to led and green, looking time for 
red and blue mci eased during that time 
Both saturation and bnghtness seemed to in- 
fluence preferences so that the exact role of 
color as a stimulus was unclear 

Spears (1964, 1966) assessed discrimina- 
tion of Munsell colored papers m 60 infants 
4 months of age The response measure was 
relative time spent looking at the various 
stimuli, which were presented m paired com- 
parisons Spears found a pieference ordenng 
of blue, red, yellow, grey with only the pref- 
eience for blue over grey statistically stable 
In tests of color and shape together, the only 
color trend was a preferene for red over giey 
In an attempt to control for the bnghtness 
variable, Wickelgren (1966) presented 16 
newborn infants with stimuli varying both m 
color and in brightness The stimuli for the 
paired comparisons design were bnght or 
dim red and grey slides By presenting bright 
red and dim red slides m comparison with 
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bright grey and dim grey slides, Wickelgren 
made it possible to find color preferences 
existing regardless of brightness level No 
such preferences were found 

Recent studies of the electroretmogram 
(Barnet, Lodge, and Armmgton, 1965, Hor- 
sten and Wmkelman, 1962, 1964) indicated 
that a light of strong intensity can evoke new- 
born ERG response to color like that of 
adults Possibly stimuli bright enough to 
cause the newborn infant’s cones to fire are 
too bnght for the mfant to look at them If 
this is true, it may not be possible to use 
lookmg as a behavioral index of newborn 
color perception 

Despite the interest and effort that have 
produced studies of early color sensitivity, no 
positive report is free of the possibility that 
differences in brightness constituted the rel- 
evant stimulus dimension 

Movement Little lesearch has been done 
to determine specifically the necessary con- 
ditions for pursuit of moving objects Jones 
(1926), Beasley (1933a, 1933b), Morgan 
and Morgan (1944), and Wolff (1949) var- 
ied the direction of movement, they studied 
the baby’s response to vertical, horizontal, 
and circular stimlus movement and obtained 
widely different results on the basic question 
of the age at which the infant follows move- 
ment m each direction Dayton and Jones 
1964) found good evidence that newborn 
infants can pursue a moving series of dots 
The presence of optokinetic nystagmus m 
newborns and young infants also stands as 
evidence for visual tracking (Dons and 
Cooper, 1966, Corman, Cogan, and pellis, 
1959, McGinnis, 1930, Taubei and Koffler, 
1966) Beyond these studies only a beginning 
has been made toward determining infant 
preference foi movement and there have not 
been any careful studies with techniques re- 
fined enough to determine response changes 
with variation in movement conditions 

One recent study of visual movement pref- 
erences in infants between 7 and 24 weeks of 
age was that of Silfen and Ames (1964) 
The stimuli were a moving and a stationary 
vertical belt of black and white checks At 7 
weeks there was no cleai preference for 
movement at any speed, at 16 weeks there 
was a marked preference for speeds increasing 
up to the next-tq-fastest speed used but drop- 
ping at the highest speed At 24 weeks a pref- 


erence was found for the faster speed over the 
entire range of speeds used Recognizing that 
7-week-old babies might discriminate move- 
ment but simply have no preference for it, 
Silfen and Ames (1964) ran a second experi- 
ment using several procedures to find whether 
mfants at 7 weeks response to movement at 
all Only an extension m the lange of speeds 
produced a slight but insignificant trend to- 
ward greater response to faster movement 

Fantz and Nevis (1966) also examined 
preference for movement m 20 infants tested 
weekly m the first 6 months of life A ro- 
tating red spot on a yellow disc was paired 
with a complex stationary comparison object 
made of wire mesh over white wood with 
holes The results of the comparison showed 
that from 2 to 6 weeks of age the 20 subjects 
preferred the moving stimlus, then preference 
for the stationary stimulus rose to a peak at 
about 14 weeks and then declined until there 
was no preference for either object at about 
23 weeks The finding of preference for 
movement under 2 months is contraiy to the 
findings in a pilot study of Fantz and Nevis 
as well as that in the Silfen and Ames study 
Variation of color and depth m the Fantz 
and Nevis study makes simple interpretations 
hard to come by 

A group of studies have used lights flashed 
sequentially as stimuli The lights have been 
assumed to represent movement but it should 
be noted at the outset that lesponses might 
be to the on-off quality of the stimulus and 
not to the change m position as such Kagan 
and Lewis (1965) and Lewis et al (1966) 
studied infant attention with three patterns 
of blinking lights, along with other stimuli A 
group of 32 infants was tested at 6 and 13 
months The patterns weie a single blinking 
light m the center of the visual field, a blink- 
ing light moving horizontally across the field, 
and a blinking light that descubed a square 
helix For all three light patterns the total 
lookmg time dramatically decreased over 
trials There was no significant difference m 
looking time among the three light patterns 
for 6-month-olds, and 64 6-month-old infants 
run m a second experiment showed essentially 
the same results except that there was no 
decrease m lookmg at the helix over trials 
At 13 months the ongmal infants showed a 
clear preference for the single blinking light 
over the row and over the helix 
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A study by Haith (1966) used suppression 
of sucking rate as a measure of lesponsive- 
ness Haith studied 41 infants from 3 to 5 
days of age who were presented with lights 
that flashed sequentially m a retangulai pat- 
tern Suppression of sucking was reliably 
greatei when the light moved than when it 
was stationary Cohen (1965) studied new- 
born preferences and modification of prefer- 
ences over trials Lights blinking m 16 posi- 
tions and m 4 positions were preferred to a 
single blinking light It is not clear how Co- 
hen's finding can be made congruent with the 
observation of Kagan and Lewis (1965) that 
a single light blinking was preferred to hor- 
izontal or a square pattern in older infants 

A study of the ability of 3-month-old in- 
fants to anticipate regular patterns of blink- 
ing lights has been reported by Nelson 
(1968) Aftei several exposuies to a hor- 
izontal sequence of lights, the babies tended 
to move their eyes to the place where a light 
was about to appear 

Distance, depth, and size As was noted 
earlier, there exists vutual agreement that one 
possible index of distance — appropriate con- 
vergence — is not available to the newborn 
(Beasley, 1923, Feldman, 1920, Ling, 1942, 
Lucas, 1927, McGinnis, 1930) Indeed, 
Wickelgien (1968) found that divergence is 
unifoimly present m the first days of life, 
and, further, that the extent of this divergence 
vanes with the nature of the stimulus (eg, 
patterned oi plain) In view of such findings, 
it is difficult to suppose that either retinal 
disparity or convergence could function at 
birth as a valid cue foi distance Nor does it 
seem likely that accommodatory feedback 
fiom the ciliary muscles can seive the new- 
born as an index of distance Haynes, White, 
and Held (1965) showed that the newborn 
does not exhibit variable lefraction of the lens 
as a function of vanations m the distance of 
a test object but, rather, he exhibits fixed 
refraction on a plane about 8 inches from 
the eye Tendencies towards appiopnate 
variable accommodation compaiable to that 
of an adult first begin during the second 
month and appioach perfect perfoimance 
only m the fourth month It is possible, how- 
ever, that the newboin could make use of the 
retinal consequences of viewing stimuli 
through a refractively-fixed lens In such a 
system, the degiee of blurnng of a constant, 


well-defined stimulus beyond the point of 
fixed refraction would be well correlated with 
its objective distance Therefore, one might 
expect the commonly found preference for 
patterned stimuli m the newborn to depend 
on the distance of the stimuli Fantz, Ordy 
and Udelf (1962) made observations relevant 
to such a possibility They presented infants 
1 to 22 weeks of age with a choice between 
a black and white vertically striped panel 
and a plain grey panel at each of three test 
differences — 5, 10 and 20 in from the infant's 
eyes The “prefen ed distance” hypothesis was 
not suppoited by the finding that the striped 
pattern was preferred over the plain grey 
pattern at all ages and that the relative pref- 
erences for pattern was equal at all test dis- 
tances 

Most reports have indicated that appro- 
pi late, stable bmoculai conveigence for ob- 
jects at different distances improves markedly 
during the second month (Beasley, 1923, 
Feldman, 1920, Ling, 1942, Lucas, 1927, Mc- 
Ginnis, 1930), although the accuracy of 
measurement m these studies is not sufficient 
to indicate whether or not the infantile visual 
system manages binocular fusion to the same 
degiee as does the adult Advances m the 
oculomotor system are, however, accompanied 
by rather maiked changes in the infant's re- 
sponse to objects changing distance White 
(1968b) reported that infants first exhibit 
partial, irregular eyebhnks to a fast approach- 
ing object at 3 weeks of age From 3 weeks 
to 14 weeks the effective stimulus drop de- 
creased and the leliability and vigoi of the 
eyeblmks increased Greenbeig, Uzgms, and 
Hunt (1968) provided evidence that placing 
an attractive pattern over the cribs of infants 
beginning at 5 weeks of age could reduce the 
age at which the blink-response becomes 
legular by approximately 3 weeks m compari- 
son with infants not provided with overhead 
patterning 

Obviously, however, a true distance con- 
cept involves much moze than mere transitive 
adjustments m leflex response systems as a 
function of variations m the distance of a 
stimulus And, with the exception of Piaget's 
(see especially Piaget, 1936) extensive obser- 
vations of spatial development during infancy, 
the empirical literature on the perceptual 
development of distance discrimination re- 
mains sparse. Bower (1964) trained infants. 
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70 to 85 days old at testing, to turn their 
heads m the presence of a 12-mch cube at 
a distance of 3 feet Following tiainmg, size 
of cube and cube distance weie vaned to 
determine whethei retinal size was the critical 
variable or whether the infant could respond 
to absolute size The pattern of geneialization 
responses led Bower to conclude that the 
babies had size constancy and could disci lmi- 
nate real distance Bower (1965b) conducted 
a similar study with infants 40 to 60 days of 
age m which the babies saw leal cubes or 
images of the cubes projected on a screen 
Discrimination of leal distance, independent 
of retinal size, appealed to occur m both 
binocular and monocular conditions, however, 
the disci immation bioke down under the 
“piojeetion” condition Bowei interpreted 
these lesults as indicating that motion paial- 
lax is the necessary cue foi the perception of 
distance m infants, while pictorial or perspec- 
tive cues are virtually useless In still a further 
xeport (Bower, 1966c) provided data indi- 
cating that binocular paiallax oi disparity may 
also be a weak, but significant, cue for dis- 
tance discrimination at the two-month age 
level The Bower studies are unique m sug- 
gesting the presence of real size and distance 
discrimination m infants during the third 
month of life and merit replication 
The literature on prefeience for three- 
dimensional visual stimuli underlines the ex- 
pansion of the infant’s world that takes place 
dunng the third month Fantz (1961a) pre- 
sented infants between one and six months of 
age with a solid spheie and a flat circle Un- 
der both monocular and binocular conditions, 
there was a preference for the sphere when 
both objects were textured and directly lit 
However, under binocular viewing, this re- 
lationship was not found for the youngest 
infants In further studies, Fantz reported an 
increasing preference with age for a three- 
dimensional over a two-dimensional head 
(Fantz, 1965, Fantz & Nevis, 1965, 1967) 
Experimental data bearing directly upon 
visually judged distance and size constancy 
are rare foi children between 3 and 24 months 
of age Naturally occurring reaching and 
grasping, however, have received particular 
attention (e,g , Bruner, 1969, Halverson, pas- 
sim, Piaget, 1936, White, 1969) as indicative 
of an increasing ability on the part of the 
infant to execute distance-appropriate move- 


ments in space However, the increasing abil- 
ity of the infant with mci easing age to reach 
oi grasp an object reveals little m itself about 
his ability to discriminate distance because, 
on the one hand, depth discrimination may 
piecede the requisite manual skill or, on the 
other, because the ability may reflect only 
the development of a tendency to move the 
hand towaid an object until contact 

Cruikshank (1941) observed the leaching 
lesponses of infants 10- to 50-weeks of age, 
toward a small rattle at 25 cm and at 75 cm 
from then eyes, and a lattle three times as 
laige as the small lattle at 75 cm from the 
infant eyes She found that between 10 and 
14 weeks, 50% of the infants, and at 20 
weeks 90% of the infants, leached for the 
small lattle at 25 cm Responses to both the 
large and small rattle at 75 cm , however, 
weie lowei than the small rattle at 25 cm 
m both age groups Moreover, with age, re- 
sponses to the fai distance deci eased relative 
to the near distance Ciuikshank concluded 
that reaching was based on distance lather 
than retinal size, and that size constancy was 
present 

Shirley (1933) reported veiy similai re- 
sults for a group of infants presented with a 
bell m and out of lange, between 13 and 19 
weeks less than 10% of the infants leached 
for the bell out of range From 19 weeks on, 
theie was an increase m reaching out of lange 
which peaked at 22 weeks (70% of the 
babies) although reaching within range was 
still moie common The caution that the 
reaching lesponse may not always provide a 
true index of the perception of distance is 
underscored by Shnley’s comment that "babies 
under 6 months reached for a toy that was 
out of range even though they seemed to 
recognize that it was beyond then grasp ” 

Relevant to the older infant’s perception 
of distance and depth are a series of studies 
indicating a tendency on the part of infants 
to avoid visually indicated depth when they 
become capable of crawling (Gibson & Walk, 
1960, Walk, 1968, Walk & Dodge, 1962) 
Moreover, Walk and Dodge (1962, Walk, 
1968) repoited that a depth giadient will be 
avoided under monocular views although less 
powerfully in the early stages of crawling 
Scarr and Salapatek (m press) provided ad- 
ditional evidence of the onset of cliff avoid- 
ance between 7 and 9 months of age, with 
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an increase m the intensity of this tendency 
between 7 and 13 months Fear of depths 
was rare m crawling infants below 7 months, 
and was never observed m infants below 7 
months of age who did not ciawl 

Orientation and slant. Watson examined 
the smiling of infants under six months of 
age to stimuli varying m spatial orientation 
Twenty infants from 12 to 20 weeks of age 
were each piesented with the experimenter’s 
fixed, smiling, and bobbing face in normal 
orientation and at rotations of 90°, 180°, and 
270° The maximum magnitude of smiling 
and speed of first smile were considerably 
gieater for the zero onentation of the face 
than for all other orientations In a second 
experiment, infants between 7 and 26 weeks 
of age were presented a multi-coloied cloth 
mask, mothers face, and strangei’s face in 
three onentations For both the mother’s and 
the sti anger’s face, theie was moie time spent 
smiling at a zero degree orientation, chiefly 
by childien 14 weeks old, than at a 90-de- 
gree oi 180-degree onentation No differences 
among orientations were found for the mask 
Bower (1966b), employing much simplei 
stimuli, provided data suggesting that both 
shape constancy and slant peiception may be 
present m infants during the second and 
third month 

Complexity, form, and faces A relatively 
large body of data has been accumulated on 
the issue of whether or not infants show selec- 
tive visual attention to patterns of a pai ticular 
level of complexity In much of the research 
there has been the additional attempt to 
demonstrate a shift upwards, with increasing 
age, in the level of complexity preferied For 
the most part, the liteiature has produced 
conflicting results, response measures used 
to assess visual preference vary, theie is often 
a failure to equate for brightness and coloi of 
stimuli, and, m particular confusion has 
centered around the definition of visual com- 
plexity Some investigators have attempted 
to define complexity on the basis of varying 
sensory input provided by stimulation Thus, 
patterns with more sides, or moie angles, or 
more contour, or a greater number of distinct 
elements are generally assumed to be more 
complex Other investigators have defined 
complexity m a more cognitive fashion. Visual 
complexity is seen as jointly determined by 
“sensory complexity” and the baby’s pnoi 


knowledge of oi association to the stimulus 
Thus, the preference of an infant for a geo- 
metrically simple stimulus (eg, two eye 
spots) over a rather complex geometiic figure 
at a certain age may be intei preted as a 
response to gieater cognitive complexity be- 
cause the eye spots foi the first time are 
lecognized as defining features of a face 

The distinction between sensoiy and cog- 
nitive complexity is relevant as well to moie 
* general questions that can be posed for early 
perception First, what is the baby’s congeni- 
tal organization of visual foim? What are the 
givens of form perception? The answers m 
the liteiature have not always been unam- 
biguously stated, but seveial clusters of pro- 
posals emerge The baby initially may re- 
spond to some particulai element (eg, a 
corner or a contour) of the visual display 
He may, alternatively, be sensitive to the 
oveiall complexity, however defined, of the 
presented stimulus Or, and not necessarily 
m contradiction with the foiegoing proposi- 
tions, the infant may be sensitive to aspects 
of the environment that aie of significance 
for him, the prime instance, of course, is the 
human face Still another congenital strategy 
for handling visual stimulation may be a 
responsiveness to discrepancy, to the viola- 
tion of an expectation 

Tied to the question of initial sensitivity 
is, of course, the question of the mechanisms 
for change How does the child come to per- 
ceive the visual world m terms like those of 
the adult? Although the question is of central 
theoretical significance and has been treated 
at some length by theorists of perception 
(see Gibson, 1969, foi a general review), 
theie is little subtlety in the empirical studies 
addressed to the question of perceptual 
change The bulk of the work has turned on 
the important but insufficient issue of whether 
or not complex visual functioning is available 
to the child without specific experience with 
envnonmental contingencies, 

Not surprisingly, the variety of method 
that has maiked other research with infants 
holds for the study of complexity and form 
Stimuli have been presented singly or m 
pairs, measures have ranged from human 
judgment to precise photographic recoidmg, 
the stimuli themselves are wildly assorted — 
dots, geometric forms, faces, and intricate 
constructions, among others And, throughout 
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the literature, not only o£ complexity but of 
perceptual studies with infants moie gener- 
ally, there arises the question of the distinc- 
tion between preference and discrimination 
A baby may have a fully adequate repiesenta- 
tion of a stimulus but still not provide evi- 
dence of his ability to detect it As usual m 
the assessment of infantile capacity, there 
are likely to be many false negative results 

The studies that are reported in the next 
pages have all been designed to produce ob- 
servations that will illuminate our under- 
standing of the infants eaily lesponses to 
visual complexity Of course, in many of 
them, the definition of complexity can be 
stated in terms other than the teims used m 
leportmg the reseaich To take one oft-noted 
example, a numbei of variations m complex- 
ity can also be seen as variations m numbei 
or length of contours 

Stirmmann (1944) measuied differential 
fixation on a patterned suiface as compared 
to a homogeneous suiface and found that 
infants as young as one day of age looked 
longer at the patterned suifaces Beilyne 
(1958) presented infants between three and 
nine months of age with pairs of figures side 
by side, one of which was judged to be com- 
plex and the othei simple He found that the 
fast fixation was significantly more often di- 
rected toward the moie complex figures* 
Fantz (1958) found that infants between one 
week and six months old looked longer at a 
led checkerboard pattern when it was paired 
either with a sohd red suiface of equal area 
or a solid red suiface with less area However, 
this preference was consistently shown only 
aftei two months of age Further evidence 
of preference for pattern was piovided by 
Fantz' (1965) observation of infants between 
2 days and 6 months of age who weie pie- 
sented with a number of different ariange- 
ments of papei squares These studies piovide 
evidence that, duimg the fust yeai of life, 
theie is some tendency foi infants to piefer 
lelatively complex, apparently meaningless, 
two-dimensional patterned visual stimuli over 
unpattemed stimuli, Howevei, the studies do 
not peimit the deteimmation of piefeired 
levels of complexity oi of change m piefei- 
ence with age, 

Only a few studies have vaned stimulus 
complexity along a clearly quantifiable di- 
mension Typically these studies have de- 


fined complexity by number of diffeient ele- 
ments in a stimulus Spears (1966) presented 
five regulai polygons differing m number of 
turns and coloi to four-month old infants He 
found no significant visual preferences along 
eithei the shape or color dimension alone, 
with dimensions combined, there was a sug- 
gestion of pieference piedommantly on the 
basis of color Hershenson (1964) found that 
newborns piefened a simple 4-square 
checkerboaid pattern ovei a 144-square 
checkeiboaid but he found no preference for 
a 16-squaie checkei board ovei a 4-squaie of 
a 144-square checkerboaid Hershenson, 
Munsmger, and Kessen (1965) determined 
that newborns looked longer at flat outline 
10-tuin landom shapes than at 5-tum shapes 
No preference was found m comparisons of 
20-tum random shapes with 5- and 10-turn 
random shapes 

Biennan, Ames, and Moore (1965) studied 
the visual piefeiences of infants of three ages 
for black and white checkerboards of vaiying 
number of squaies They found that three- 
week old infants looked at a 2 x 2 checker- 
board (Low) longer than at an 8 x 8 checker- 
board (Intel mediate) and at an 8 x 8 
checkerboard longei than at a 24 x 24 
checkerboaid (High), Eight-week old chil- 
dien showed significantly diffeient pieferences 
m the ordei Intel mediate-High-Low and 14- 
week old children showed an ordeimg pref- 
eience fiom High to Intermediate to Low 
Congruent results weie found m a second 
study m which the stimuli were piesented m 
pairs The data of Brennan et al and the 
Heishenson (1964) findings provide some 
suppoit foi the proposition that infants tend 
to piefer patterns of a paiticulai level of 
complexity, and that this piefened level of 
complexity increases with age Howevei, the 
proposition requires demonstration on a widei 
lange of stimuli and foi clnldien of a widei 
i tinge of age 

Additional data, although to some degiee 
ambiguous, provide evidence that the infant 
organizes foim fiom a very eaily age on a 
basis othei than mere count of elements 
Stiimmann (1944) found that newborns pi e- 
fei a horizontal line ovei a cucle Fantz 
(1964) found cleai change fiom a pieference 
for a led honzontal stuped pattern ovei a red 
buirs eye befoie eight weeks to a preference 
foi the bull's eve ovei the stuped pattern 
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from about eight weeks to six months In 
Fantz' (1965) study of varying arrangements 
of squares, patterns were significantly pre- 
ferred over the plain grey squaie at all age 
levels but, somewhat surprisingly, the re- 
sponse to giey increased significantly with 
age Occasional changes m preference for the 
five patterns across age aie also difficult to 
interpret A regular horizontal-vertical linear 
airangement of black squares was looked at 
longest by infants under two weeks of age 
but stood fouith for infants of four to six 
months of age However, a 6 x 6 checker - 
board ranked lowest for infants under two 
weeks, third highest foi infants three to four 
months old, and second highest for foui- to 
six-month old infants A compiehensive set of 
principles has not been adduced to account 
for these results 

Fantz and Nevis (1965) piesented foity- 
nme infants fiom appioximately two weeks 
of age through 22 weeks of age with four 
patterns of black line segments — a circular 
bull's eye and the segments m random, radial, 
and horizontal arrangement The horizontal 
pattern was preferred by babies undei one 
month and showed an initial use m fixation 
time (fiom two to six weeks), aftei two 
months, the radial and landom patterns 
dropped m prefeience while the bull's eye 
remained high A replication of the study 
with infants under five days of age showed 
no diffeientiation among the four patterns 
The pieferences of infants between one day 
and six months for foui anangements of 25 
white squaies on blue felt were also examined 
The patterns weie equally fixated by newborn 
infants, followed by increasing differentiation 
with age — a radial and a regulai diagonal 
pattern became more preferred, a random 
pattern remained relatively constant m pref- 
erence — value, and there was a marked, con- 
sistent decline in preference for a regular 
linear arrangement of squaies Longitudinal 
data from ten university-faculty and ten 
foundling-home infants, presented with 18 
pairs of stimuli of varied complexity once 
each week between 2 and 24 weeks of age, 
geneially corroborated changing trends m 
preference noted earlier Among the many 
observations repoited for the babies was an 
increasing preference for a circular arrange- 
ment of circular stripes over a horizontal ar- 
rangement of linear stripes from approxi- 


mately six to eight weeks on The same was 
true for a checkerboard ovei a legular lattice 
arrangement of squares, for a polka dot pat- 
tern over a many-turn random shape pattern, 
and for a red checkerboaid ovei a led square 

In a study of infants between 10 and 13 
weeks of age, Graefe (1963) piesented two 
stimuli m a central adjacent position and then 
mo^ed them apart slowly, noting which stim- 
ulus the infant followed visually Graefe's 
patterns and the infant's response to them are 
shown m Figure 3 Although some of the 
differences obtained aie staking they do not 
lead to cleai-cut intei pi etation 

The emotional reaction and visual orienta- 
tion of 8-, 9-, and 10- week old infants towaid 
punctate or continuous cncular outlines, either 
regular or grossly distorted, were leported 
by Lang (1966) At eight weeks of age in- 
fants showed no diffeiential perceptual be- 
havioi towards the stimuli but, by 10 weeks 
of age, the babies showed a more lelaxed ap- 
pioach to the regular cnculai forms than to 
the distorted forms, whether punctate or 
continuous 

A number of studies have been concerned 
with the baby's response to visual figures 
with social significance, especially human 
faces Generally, the data indicate that, at 
birth, patterns with social significance are no 
more pi ef erred than meaningless geometric 
figures with appioximately the same amount 
of patterning However, beyond the first 
weeks of life, faces, human figures, and other 
social objects appear to become increasingly 
capable of attracting attention regardless of 
the amount of patterning S techier (1964) 
found that newborns pieferied a schematic 
face to a diagonal of three dots and the diag- 
onal to a blank stimulus, however, contour, 
as well as “faceness,” varied m the stimuli 
Fantz (1963) found that infants from 10 
hours to 5 days of age looked longer at a 
schematic black and white face than at news- 
print, more at newsprint than at a black and 
white bull's eye, and more at the bull's eye 
than at a red, white, or yellow plain surface 
With another group of infants under one week 
of age, (Fantz, 1966) patterned ovals were 
prefened to plain ones or ones with fewer 
features but no consistent differential fixation 
m favor of faces with featuies m the correct 
arrangement as opposed to scrambled faces 
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was shown Heishenson (1964) has also le- 
poited indifference to faces m newborns 

Fantz and Nevis (1967) found that an 
oval with ‘eye spots” correctly located was 
slightly preferred by institution infants from 
the first month to the sixth, that a head 
model with painted features was not reliably 
preferred over a photograph of the model 
until 20 weeks of age, and that a correct 
airangement of schematic facial featuies was 
not reliably preferred over the sci ambled fea- 
tuies until late m the first six months Fantz 
(1961b) had shown earlier that infants from 
four to six months looked mostly at a diagram 
of a led and black “leal” face, somewhat less 
often at the same face with its black features 
sci ambled, and largely ignored an oval if its 
suiface merely contained a solid area of black 
equal to the sum of the features on either 
of the formei figures 

Thomas (1964) recorded length of fixation 
time of infants ranging m age from 2 though 
25 weeks to four stimuli piesented m per- 
muted pairs He found that for the 25 infants 
from 2 to 14 weeks of age, the order of m- 
ci easing preference for the stimuli was two 
broad horizontal stripes, a stylized human 
face, a stylized clothed human female figure, 
and a checkerboard pattern In contrast, the 
24 infants between 15 and 26 weeks of age 
looked increasingly longei at stripes, checker- 
board, figure and face Lewis, Meyeis, Kagan, 
and Grossbeig (1963) presented 16 male and 
16 female infants 24 weeks of age with six 
diffeient pictures — a male face, a female face, 
a bull's eye, a checkerboard, a nursing bottle, 
and a panda bear A slight difference was 
found among the six stimuli with male and 
female faces atti acting somewhat longer fixa- 
tions than othei patterns 

The persisting problem of whethei the 
baby’s preference was determined by "face- 
ness" or "complexity” was tackled by Haaf and 
Bell (1967) by presenting four-month old 
infants with foui stimuli differing m an un- 
correlated fashion along the dimensions of 
degree of "faceness” and amount of pattern 
detail or complexity The order of piefeience, 
indicated by duration of fixation, perfectly 
paralleled the ordering of stimuli along the 
dimension of faceness but not along the di- 
mension of complexity 

A final recent research concern m the lealm 
of infant perception, preference, and dis- 


crimination has centeied about the age-old 
question of part- and whole-from perception 
In an attempt to discover the features to 
which newborn infants were attending, Sala- 
patek and Kessen (1965) photographically 
recoided m some detail their visual scanning 
of a blank surface and of a plane tnangle 
The size of the infant’s scan pattern was far 
smaller when a large tnangle was m the field 
than when the field was blank Moreover, 
for the laige majonty of new-boms, the eyes 
were directed toward an angle Thus, the 
newborn can select and maintain a focused 
scan on a lelatively circumscribed feature of 
a visual pattern Salapatek (1968) presented 
newborns with black and white, solid and 
outline, plane geometric circles and triangles 
of each of three magnitudes, and with a plam 
homogeneous control field In general, the 
results replicated the earhei study (1) on 
the plam surface, infants scanned extensively, 
more broadly in the horizontal than in the 
vertical dimension, (2) with the introduction 
of any geometric figuie, there was a signifi- 
cant decrease in the scope of the scan, and 
(3) many newborns examined only a very 
limited portion of the figure, even when it 
was of the smallest magnitude. Unlike the 
earlier study, however, angles were not neces- 
sanly the part of the triangle regularly 
selected for duect inspection The infants' 
scan was more compressed on smaller than 
on larger figuies and there was some tendency 
for infants to avoid directly inspecting figures 
whose centeis weie bright The studies sug- 
gest a lather limited selection of features 
for inspection by the human newborn Data 
recently collected by Bower, however, 
strongly suggest that by the second or thud 
month of life, the infant may process visually 
rather extensive general properties of an ob- 
ject (Bower, 1965a, 1965b, 1966c) 

Cleaily, the child at three months still has 
a long way to go toward the organization of 
his visual suuound, The foregoing pages have 
dealt with only the beginnings of the sophis- 
tication of vision and the critically important 
integration of vision with other activities of 
the infant 

CONCLUSION 

This chaptei does not provide a map of a 
well-charted terrain, rather it contains hints 
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about ways through the forest Much moie is 
known about human infancy m 1969 than 
when Darwin wrote about his son m 1876 or 
when Piaget wrote about his daughter m 
1927, but the distance gone is a small part of 
the distance yet to go The bibliography 


which follows these pages is a strange mix- 
ture of false starts, wise guesses, tedious doc- 
umentation, clever design, and a few insights 
that hold hope Comforting and frustrating, 
the complexity of the infant continues to 
mock the simplicity of his students 
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6. The Onset and Early Development of Behavior 

LEONARD CARMICHAEL 


HUMAN FETAL BEHAVIOR BEST 
UNDERSTOOD BY COMPARING WITH 
EARLY BEHAVIOR OF OTHER ANIMALS 

This chapter is primarily concerned with 
the development of behavior m the human 
infant before birth At the outset, however, 
we must emphasize that the first responses 
of the human fetus and the gradual emer- 
gence of more and moie complex patterns of 
behavior during prenatal and early postnatal 
life can best be understood when considered 
in a general biological setting The compari- 
son of the behavior of the human fetus be- 
fore birth with other mammalian fetuses is 
much more illuminating in undei standing 
what the young human organism can do 
than is a comparison of the behavior of the 
adult human being with the behavior of any 
other adult mammal The mental life of the 
fullv grown, effective, modem human being 
m so many ways depends on language and 
on almost incredibly complex cultural learn- 
ing that a comparison with organisms that 
do not use real language or display behavioi 
related to cognition, which is m large mea- 
sure dependent on cultural learning, has 
limited significance The difference as adults 
between man and even the highest of the 
other apes m the use of language and all 
that language involves for mental life has 
been emphasized by Chomsky (1968) The 
prelingmstic child, on the other hand, is in 
many respects a mammal among mammals 
for comparative purposes. Thus much that is 
vitally important about the behavior of the 
human fetus or the young child can be 
learned indirectly from comparative animal 
studies This is because controlled experi- 
ments may be conducted on immature mam- 


mals, other than man, that would be impossi- 
ble with human subjects Nature, too, has 
organized what may be called a series of 
important experiments m this field Different 
species of ammals are bom at very varying 
levels of functional maturity Some, like the 
opossum and other marsupials, are at birth 
m certain respects comparable to early hu- 
man fetuses Otheis, like the ungulates (eg, 
the typical African antelopes), are so far ad- 
vanced at birth that their locomotor and 
perceptual abilities are almost as effective as 
they aie in adults of the same species In 
animals bom m a “piecocious” state it seems 
clear that the growth processes of fetal mat- 
uration rather than individual learning have 
produced the behavioral capacities that are 
uniformly seen m prenatal life and in the 
first hours after birth In comparison, it be- 
comes clear that the human baby at birth is 
not as immature as the marsupial nor nearly 
as far advanced as the ungulate A proper 
understanding of the complementary roles of 
maturation and learning m the development 
of human prenatal and postnatal behavioral 
capacity can thus be illuminated by com- 
paring early prenatal and neonatal human 
behavior changes with the fetal and early 
postnatal behavior of a variety of other mam- 
mals 

The word altncial is often used to describe 
species (sometimes including man) in which 
the neonate is largely helpless and requires 
much care and nursmg by adults This term 
has long been applied to birds such as doves 
and pigeons which are hatched naked or 
nearly naked and thus need the warmth of 
the nest and care by parents if they are to 
develop normally This term is now used not 

447 



448 LEONARD CARMICHAEL 


only in ornithology but to describe mammals 
bom in a relatively immature state The word 
precocial is used as applying to certain spe- 
cies of birds (called Praecoces) This term 
applies to hens, ducks, and other species that 
are so far advanced at hatching that they can 
follow the motheis and feed themselves Such 
birds, m general, belong to mdifugous (1 e , 
species of birds that leave the nest soon after 
hatching) and are mamly ground nest builders 
The term precocial is also now applied to 
mammals that are bom with well developed 
sense organs and with a capacity for effective 
locomotion at birth 

In this chapter, after the concepts “be- 
havior” and “development” as applied to 
early life have been discussed, a review is 
therefore given of some of the known facts 
of the development of behavior m nonhu- 
man animals and especially fetal mammals 
The history of mans interest m human pre- 
natal life is briefly presented m connection 
with some of the topics that are treated On 
the basis of these considerations, modem 
scientific studies of specifically human fetal 
behavior are described and evaluated 

THE DEFINITION OF THE WORD 
BEHAVIOR” AS USED IN THE STUDY 
OF FETAL LIFE 

When the word behavior is used in this 
chapter, it will be considered as applying in 
a very general way to what the organism 
is capable of doing at any developmental 
level In the past some students have at- 
tempted to distinguish between behavior, at 
least as seen in adult life, as studied by psy- 
chologists, sociologists, and other “behavioral 
scientists” and behavior as studied by phys- 
iologists This distinction may have validity 
in some studies of adult human beings but 
it does not apply m the description of pre- 
natal or early neonatal behavior It is con- 
venient m the mature man or woman to 
differentiate between “psychological be- 
havior,” which is related to such matters as 
problem-solving, memory, “thought” and the 
use of language, as distinct from “physiologi- 
cal behavior,” which involves human reflexes 
such as breathing and other patterns of re- 
sponse important, for example, m the inges- 
tion of food and in reproduction But this 
distinction cannot expediently be made in 


descnbmg behavior observable before birth 
or m early postnatal life (See Lehrman, 
Hinde, and Shaw, 1965 ) 

Ethologists and other modern zoologically 
oriented students of animal behavior are 
probably justified m classifying some of the 
behavioral systems that they record and study 
in animals in terms of the ends or objectives 
that such behavior appears to the human ob- 
server to secure for the animal under study 
One example is the list used in the study of 
dog behavior as given by Scott and Fuller 
(1965) These authors use the terms in- 
vestigative behavior, shelter building, groom- 
ing, feedmg, attention-getting, fighting, pre- 
dation, escape, dominance seeking, sexual 
behavior, eliminative behavior, and comfort 
seeking m describing what dogs do But 
terms such as these are seldom appiopnate 
in a consideration of fetal responses It is true 
that one who wishes a description of fetal 
behavior in terms of what it does for the 
organism at the time that the behavior act 
appears can assert that such responses often 
seem to prepare the organism for some spe- 
cific later function For example, many mam- 
malian fetuses show rhythmic limb activities 
that can be called trotting movements long 
before birth These patterned responses, like 
a great many others that regularly take place 
before birth, may be consideied “trial runs” 
of behavior sequences serving no specific 
fetal function Such behavior is nevertheless 
very important at developmental periods later 
m life Fetal responses, like the “Ahlfeld 
movements” — the premature breathing move- 
ments of the fetal chest — may not only help 
prepare this important respiratory mechanism 
for later air breathing but also may have 
some purely prenatal function in facilitating 
fetal circulation 

The fact that behavior sequences can be 
commonly called out by experimental means 
at a time m development prior to that at 
which they ordinarily play an essential role 
m the life process of the organism has been 
proposed by the present author as a basic 
law of development It has been named by 
the present author the law of anticipatory 
function This law points to the fact that the 
maturation of behavior follows a prede- 
termined course, which largely depends on 
the genetically determined structural growth 
that takes place in an environment that is 
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“normal” 01 "chaiactenstie” of the environ- 
ments in which the species of organisms un- 
der study have evolved and in which they 
can maintain themselves To put this anothei 
way, this law asserts that it is biologically 
essential to have the structures that make 
later adaptive responses ready at a period 
somewhat pnor to the time when such le- 
actions must woik if the animal is to survive 
and lead a life that is characteristic of its 
species This timing of developmental func- 
tional capacity as seen m all typical units of 
behavior is almost certainly determined bv 
the genetic code 

In geneial, what has been said m the pre- 
ceding paragraphs makes it clear that be- 
havioi as it is observed m fetal life and in- 
deed to some extent m eaily neonatal life is 
best descubed m objective and measurable 
or at least potentially measuiable terms This 
measurement involves change m space of a 
total organism or in any pait system of such 
an organism such as can be seen in neck or 
head bending or m limb movement 

THE MEANING OF THE WORD 
“DEVELOPMENT” 

The second majoi woid that is used m 
the title of this chaptei is “development ” The 
key to undei standing the study of the growth 
of any organic structure or function m the 
individual , that is, in ontogeny , or in the 
race , that is, in phijlogeny , is emergence 

Names such as the “doctrine of levels” and 
“creative synthesis” have been applied to the 
concept of emergence m organic develop- 
ment The point that this term emphasizes is 
that as structures or processes grow or evolve, 
new totalities come into being not only by 
a simple adding together of what has been 
present and observable before but also bv 
a creation of truly novel items which have 
genuinely new properties 

The failure to recognize the fact that novel 
characteristics must be described as aspects 
of new totalities and not as somehow hidden 
in the elements that make up these totalities 
has been called the error of potentialitv 
(Lange, 1925) This classical mistake has 
been described by some logicians as the 
source of many of the world’s worst meta- 
physical as well as scientific fallacies To say 
this in other words, the error of potentiality 


is a mistake leading to the assumption that 
because certain antecedent events or propei- 
ties can be demonstrated to be always neces- 
saiy m order to have a known subsequent 
event or property, therefore the full physical 
or other characteristics of the later-formed 
totality are somehow present m the simplei 
elements that are always present when the 
new totalities are formed Oxygen and hydro- 
gen are necessary if we are to have watei, 
but “wetness” is not a characteristic of eithei 
of these gases before combination C Lloyd 
Moigan (1923), a distinguished classical 
student of animal behavior, has well pomted 
out that m the study of what animals do, 
it is best to assume that any organic capacity 
is not present until it can be observed (see 
also Lovejoy 1926, 1936, 1957, Ralston, 
1933) 

Thus, m this chaptei, m considering the 
novel emergence of specific acts of behavior 
as any individual grows, we do not intend 
to suggest that such a response at any stage 
is to be "explained” completely because of 
any previous leactions of that oigamsm as a 
fetus or as a neonate The point emphasized 
is, thus, that behavior typical of each species 
at every developmental stage is, as such, a 
fact of science As King (1968) has said, 
"not only is there a constant interaction be- 
tween endogenous developmental processes 
and the envnonment during ontogeny, but 
natuial selection is also constantly molding 
evei more intiicate interactions ” But this 
does not mean that it is not important to 
know the history of each organism for any- 
one who wishes to understand the emer- 
gence of anv act of adaptive or maladaptive 
behavioi at any developmental period The 
questions that must occupy us are concerned 
with the objective descriptive stages of be- 
havioi and with tempoial stages of growth 
To undei stand these growth processes, we 
must ask when does a particular behavior 
act first appeal m ontogeny and how does it 
change as the animal matures? 

WHEN DOES BEHAVIOR BEGIN? 

Many of the early writers on child psychol- 
ogy, such as G Compayre (1896), used to 
teach that the study of child psychology be- 
gins at birth Throughout the history of bio- 
logical sciences, however, the iileompleteness 
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of an assertion such as this has been obvious 
to many writers Today it is safe to say that 
we must study the prenatal period if we are 
to determine what Gesell (1928, 1929a) has 
well called the “ontogenetic zero” of be- 
havior or mind 

Ordinarily, m considering any mammal, 
ontogenetic development is taken as begin- 
ning at the time of individual fertilization 
Under noimal conditions m order that fertili- 
zation take place, theie must be antecedent 
life m both the ovum and the sperm before 
true fertilization Even though living material 
may some time in the futuie be synthesized 
from nonliving material, it is a safe working 
rule to accept the dictum “All life comes 
from previous life ” Each new mammalian 
individual, then, must be consideied as be- 
ginning in pzocesses initiated at fertilization 
but also as a continuation of life processes 
existing m the male and female germ cells 
before fertilization 

It is thus impossible to say that fertiliza- 
tion is, in all senses, the beginning of the new 
individual Some specific characteristics of 
all reproductive cells can be traced back 
unchanged through countless geneiations 
Logically, it is difficult to distinguish be- 
tween the dynamic processes that are essen- 
tial m structural development and the later 
observed processes of the organism, which 
we call behavior This distinction, indeed, 
can be made only by the use of agreed-upon 
definitions In this chapter, the beginning of 
true behavior, and hence the starting point 
of ontogenetic behavioral psychology, is to be 
placed at the point where neurally induced 
muscular activity begins Such neuromuscu- 
lar response can be shown to take place only 
after prior activities of a special sort have 
developed m the central nervous system 
(l e., that lead to so-called "spontaneous be- 
havior”) or in external environments that ini- 
tiate sense oigan activity and determine 
coded inputs in sensory nerves that lead to 
central neivous activity and to the activation 
of motor neurons and then to response of 
muscles or glands Much that is important 
m undei standing the ontogenetic develop- 
ment of behavior patterns m man can be 
gained from a modern comparative study of 
identifiable behavior patterns as seen m phy- 
logeny (Carmichael, 1936, 1954) 

It is easy to deal with the emergent or 


novel creation of behavior in the abstract, 
but, when one turns to specific experimen- 
tal studies of this emergence, the difficulty 
of the problem becomes cleaier This author 
has studied m some detail, as will be noted 
later, the very first responses of many or- 
ganisms For example, let us take the guinea 
pig fetus Logically, it is clear that there 
must be a time m growth when stimulation 
of this organism’s receptors will not be ef- 
fective Then, at an immediately subsequent 
time, say 1 second later, when such stimula- 
tion is given, behavioi results At time A 
this response is not possible, but after added 
growth — that is, at subsequent time B — 
it is possible The possibility of this first re- 
sponse is considered as dependent upon elab- 
orate changes which include growth and 
which are taking place m the organism under 
consideration Let us trace these changes 
back in the history of the individual Cell 
division, cell differentiation, cell migration, 
organ formation, and a whole series of other 
dynamic changes are essential before be- 
havior begms 

As a result of all this growth, a struc- 
ture capable of making this first behavioral 
reaction emerges Without these countless 
antecedent cellular and subcellular proc- 
esses, the first external response of an ap- 
pendage or of the trunk of the living oi- 
gamsm could not occui These processes, 
moreover, must not be thought of as a 
simple unfolding of preformed organs This 
old "preformism view,” which is a typical 
biological expression of the enor of poten- 
tiality discussed previously, is no longer held 
Rather, at each stage the living organism is 
now considered to be maintaining itself m 
a dynamic relationship with the energies and 
the foodstuffs of its envnonment This is not 
to say that the organism is being formed 
wholly by its environment, as the other old 
and now long-discarded view, that of 
“epigenesis held Indeed, today it is clear 
that inheritance and environment always 
coopeiate m development The old quar- 
rel between preformism and epigenesis is 
now seen to have been sometimes a battle 
of words engaged m before relevant facts 
were known 

The discovery of the mammalian sperm m 
1677 by Van Leeuwenhoek and of the mam- 
malian and human ovum by Karl Ernst von 
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Baei (1827) are discussed m a full historical 
setting by G W Gomel (1958) One who 
is interested m a modem summary of the 
growth of the anatomical processes on which 
behavior depends may consult A E Need- 
ham (1964) Details of this growth are now 
recognized as dependent on the genetic code 
or DNA (deoxynbonucleic acid) and on 
RNA (ribonucleic acid), which can be de- 
scribed as picking up and carrying the mes- 
sage of the code into the cytoplasm, where 
it supervises the formation of pi otems 

A number of technical teims that are now 
commonly used by those who consider this 
development of the individual m i elation to 
its genes and the environment in which it 
exists may be introduced heie The term 
gamete lefeis to a male oi female lepioduc- 
tive cell with half the typical number of 
chromosomes of the species When a gamete 
combines with another gamete, a diploid 
cell or zygote is produced In other words, 
the zygote is a fertilized ovum, formed by 
the union of reduced male and female re- 
productive cells The organism considered as 
a complete assemblage of its genes is called 
a genotype The individual organism that 
develops from the genotype is called a pheno- 
type It is important to lemember that or- 
ganisms with the same phenotype may not 
have the same genetical constitution An 
organism showing certain dominant factors 
may have inherited different lecessive factors, 
as is explained in the modem science of 
genetics 

The chromosomes with which each fertil- 
ized ovum starts life contain information for 
a set of enzymes that are m the genes of 
each chromosome This is the “blueprint” oi 
“coded punch card” that is the DNA, which 
as a totality constitutes the genetic code It 
is important to lemember that m evolution- 
ary terms, each organism’s genetic code has 
evolved and survived because organisms with 
that code have been able to react m an 
adaptive way to their environments Thus, 
as will be emphasized latei m this chapter, 
the “information” in the code is, in one sense, 
environmental information 

This chapter is not the place to review the 
complex quantitative science of modem ge- 
netics The reader who is interested may con- 
sult the following books and leferences given 


m them Burdette (1963) and Fuller and 
Thompson (1960) 

It is, nevertheless, appropriate to note here 
that during the last few decades much in- 
formation has been secured concerning what 
is now often called “genetic disease ” Under 
this heading are included many characteris- 
tics of the behavior and m the broadest sense 
the psychology of the developing human in- 
fant Evidence shows that there is a basis — 
a genetic basis — for many bodily malforma- 
tions seen at birth, some forms of mental 
retardation, and certain neural and sensory 
defects In fact, there is some evidence that 
there are now known more than 300 so- 
called “hereditary diseases” (Lock, 1962) 
All this evidence points to the importance of 
an understanding of genetics m a considera- 
tion of the early development of behavior In 
this connection, note that there is increased 
assurance that embryos with chromosomal 
anomalies are frequently aborted It has also 
been shown that m the human being the 
percentage of chromosomal abnormalities m 
early spontaneous abortions is higher than 
m abortions occurring after the twelfth week 
(Jacobson and Barter, 1967) There is some 
evidence that 2% of infants have congenital 
defects recognizable at bnth (Lock, 1962) 

The importance of chromosomal defects 
in relation to human mental life is nowhere 
better illustrated than m recent studies of 
mongolism This subject and the research 
papers on which present knowledge is based 
are well reviewed m a paper by C B Jacob- 
son (1967) The basic defect m Down's syn- 
drome (mongolism) was uncertain until the 
development of modern cytogenetic tech- 
niques about a decade ago An extra chromo- 
some (trisomy) has been consistently found 
m over 95% of individuals who show Down's 
syndrome This chromosomal characteristic 
is present in all tissues studied m individuals 
showing the syndrome, 

Information of the sort just given shows 
how the student of the development of be- 
havior must keep in view the findings of 
modern genetics as well as all the factors 
that determine embryological growth 

The processes basic to the reproduction 
of living animals are brought about in a 
number of dzffeient ways In some ani- 
mals the egg, after fertilization, continues 
to develop m protective coverings still 



452 LEONARD CARMICHAEL 


within the maternal body In othei ani- 
mals the egg leaves the body and continues 
development outside In many animals the 
growth of all the fundamental oigan sys- 
tems is complete befoie hatching or bnth 
This condition may be considered as chai- 
acteristic of many vertebrates, some woims, 
and certain aithropods In the coelentei- 
ates, insects, and vertebrate amphibians, 
varying stages of growth after the new 
oigamsm emerges fxom the egg are the rule 
Common usage seems to have established 
the fact that the first stage of the develop- 
ment of any organism is to be described as 
germinal, the next stage as embryonic , and 
the latest stage pielimmary to birth as fetal 
The word larval is used to characterize in- 
dependent, living, but organically immatuie 
oigamsms 

In describing larval development, two 
classes of such giowth, dnect and mdnect, 
have been set up In the first, development 
is linear — that is, each developmental stage 
produces an oigamsm which is m most re- 
spects more like the adult than was the or- 
ganism m its preceding stage In the case of 
indirect larval development, however, organs 
often of a high order of complexity are pio- 
duced which are later destroyed before ma- 
turity is reached The term metamorphosis 
is applied to development of this latter sort 
The terms larval and pupal are applied to 
describe stages m indirect development Too 
little is known concerning the effect of en- 
vironmental modification during the larval 
stage upon adult animals This is a field m 
which more experimental investigation is al- 
most certain to be done For example, what 
influence will certain experimentally induced 
forms of activity in the wormhke larva have 
upon the fully developed imago , such as an 
adult butterfly? It is interesting m this con- 
nection to notice that among wnteis even on 
so-called inheiited human instinct many ex- 
amples are taken from types which pass 
through laival stages (cf Bergson, 1911, 
McDougall, 1923, Thorpe, 1963) 

The degree of maturity reached before 
the new organism begins an independent 
existence vanes markedly from type to 
type* In so-called oviparous species, such 
as most fish and certain amphibians, eggs 
aie laid as single cells and are subsequently 
fertilized after they have left the mother’s 


body In viviparous animals, such as cer- 
tain fish and most mammals, on the other 
hand, all the early developmental stages 
are normally passed within the mothers 
body Between these two extremes are 
the so-called ovoviviparous organisms, m 
which fertilization takes place befoie the 
egg is laid Birds are good examples of 
this type It is interesting to note that 
the so-called evolutionary level does not 
give a clear indication of the sort of repro- 
duction which may be expected of an ani- 
mal The common dogfish bears its young 
inside the body until they are developed so 
that they may have an independent exis- 
tence On the other hand, the monoti ernes 
among the primitive mammals lay eggs 
There aie, moreover, certain forms m which 
favorable or unfavorable envnonmental con- 
ditions seem to determine the fact of the 
hatching of eggs inside oi outside the 
mothers body (Hertwig, 1912) 

Among the mammals, as already noted, it 
is also interesting to observe that there is a 
gieat diversity in the degree of development 
that has been reached at the time of normal 
birth Thus the young of the opossum are 
born m many lespects as lelatively early em- 
bryos, as contrasted with the newborn guinea 
pig, m which almost full-giown characteris- 
tics are obseived (Hartman, 1920, Avery, 
1928) This fact should be kept m mind at 
all times as these pages are lead To put 
this m anothei way, it may be said that 
the behavioral age or even the “mental age” 
of different species of mammals is very dif- 
feient at the time of birth Montague (1964) 
emphasizes the fact that m some species the 
newborn organisms are almost as dependent 
on the mother as they were before they were 
boin In fact, no one can fully understand 
fetal and neonatal behavior without studying 
m detail the maternal behavior of each 
species of mammal that is being considered 
(Rhemgold, 1963) 

Cornei (1944), in his admirable book, 
Ourselves Unborn An Embryologist’s Es- 
say on Man , presents a clear description 
of the anatomical development of man, taking 
into account its aberrations He says * 
we begin our lives m continuance of a long 
past and m progression toward an unseen 
goal; that life is precarious from the first day 
to the last* * 
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Flanagan ( 1962, in a popular and very well 
illustrated book, gives a summary of human 
embryology and an excellent account for the 
nontechnical reader of some aspects of hu- 
man development during the first nine months 
of life. 

THE DEVELOPMENT OF BEHAVIOR IN 
THE LOWER VERTEBRATES 

There are stages in the morphological 
development of the fish, amphibian, reptile, 
bird, infrahuman mammal, and man which 
are so similar that they make the study of one 
form important for a complete understand- 
ing of the development of other forms. 
This fact has long been recognized in 
anatomical embryology. By analogy, the 


same may be held to be true of behavior. 
Care must be taken, however, not to pre- 
tend to see homologies of behavior until 
by direct observation such homologies can 
be shown to exist. Figure 1 gives a some- 
what too idealized picture of some of these 
relationships. For example, in certain forms 
nourishment during the entire fetal period 
is provided by the yolk of the egg, from 
which the organism develops. This means 
that behavior in connection with alimenta- 
tion is less important in such types than in 
others in which at an early developmental 
stage the ingestion of food is necessary. In 
spite of this difficulty, the study of fish and 
amphibians has provided much information 
of importance to one who would understand 
the gradual development of behavior. Swen- 
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Fig. 1. A series of drawings constructed to emphasize similarities in structure in various embryos 
at three comparable and progressive stages of development (marked I, II, III). (From Romanes, 
1896), This old diagram is presented here as a schematic device only. Research since it was drawn 
has made some alteration in the relationships demonstrated here. See for comparison diagrams in 
Ferris (1922). 
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son (1928a) has courageously attempted to 
set up seven fundamental acts of behavior as 
basic to the responses of lowei vertebrates, 
mammals, and even man These forms of be- 
havior are progression, respiration, inges- 
tion, expression, excretion, phonation, and 
reproduction The fact that some of these 
processes can be studied m the amphibian 
larva as well as m the human infant makes 
the complete understanding of the simpler 
organism especially important Coghill 
(1929c) and others (eg, Wmdle and Grif- 
fin, 1931) have developed this point of view 
m vanous papers A good history of the de- 
velopment of the study of vertebrate embryos 
is given by the scientist who did so much 
for the study of behavior that he may be 
considered the founder of the experimental 
study of early behavior This man is William 
Pieyer, foi some years professor of physiology 
at Jena His book, Specielle Physiologie des 
Embryo Untermchangen uber die Leben - 
serschemungen v or der Geburt , published in 
1885, may be taken as a subsequent investi- 
gation in this field Part of this fundamental 
work has been translated by Coghill and 
Legner (1937) 

In this work Preyer summarizes and re- 
views a good many observations made on 
the early movements of fish embryos Some 
of these studies weie based on the observa- 
tions of fish embryos growing after definitely 
dated periods of fertilization Slow rotary 
movements characterize the early behavior 
of many fish embiyos Fillipi is quoted by 
Preyer as finding in Alosa jinta such move- 
ments soon after fertilization In a species of 
trout Preyer found movement of trunk at a 
definite numbei of days subsequent to fertil- 
ization In general, on the day following the 
first tiunk movement the first neck-head 
movement is noted Then, m a few days, 
energetic movements of the whole tmy fish 
body may be observed After the liberation 
of such organisms from their egg coverings, 
it is found that pressure stimulation on the 
body surface is followed by responses involv- 
ing apparently the entire musculature of the 
trunk Pieyer points out that these move- 
ments mvolve fully developed reflexes He 
makes this conclusion because the movements 
described consist in the total organism’s 
drawing together of the head and tail This 
same response occurs no matter what the 


locus may be of the point of pressure stimu- 
lation As growth goes on, however, the 
strength of movement increases, and the 
movements become more and more regular 
and specific m relation to the exact locus 
of the area stimulated Preyer gives quanti- 
tative tables of the increase m rapidity of the 
movements of the heart and the gills as 
development progresses Myrberg (1965) has 
presented a full descnptive analysis of the 
behavioi of the African cichled fish Parental 
behavior, egg incubation, and the establish- 
ment of the free-swimmmg phase are dis- 
cussed 

White (1915) describes the development 
of behavioi in biook trout embryos His 
observations cover the period from hatch- 
ing until the yolk sac is absoibed He notes 
that “the hatching is initiated by movements 
starting at the head and latei extending 
through the whole length of the body , ” 

After hatching, the swimming reaction is 
giadually made moie nearly perfect Touch 
and mechanical ]ars aie effective stimuli im- 
mediately after hatching, and, interestingly 
enough, at this time the head is found to be 
the region least sensitive to pressure stimuli 
Rheotropism, or response to watei flow m 
currents, negative phototaxis, or the avoid- 
ance of light, and photokmetic responses, or 
responses initiated but not necessarily di- 
rected by light, are also present at this time 
Excess caibon dioxide m the water m which 
fish are studied is activating up to a point, 
and then depiessmg on bodily functions The 
dependence of the fish upon the chemical 
make-up of its external water environment 
piesents many analogies with the dependence 
of the higher animal upon the chemical make- 
up of the liquid internal environment of its 
own blood stieam m which its own central 
nervous system maintains itself Or, to put 
this another way, the internal environment 
of the fish embryo is seen to be most closely 
related to its external environment Before 
the nourishment-supplying yolk sac disap- 
pears at about 2 months, the reaction of the 
fish to stimuli seems to be away from the 
point of contact After this, some embryos 
studied become quite suddenly exploratory 
and aggressive and hence move toward the 
point stimulated (Preyer, 1885) This strik- 
ing observation may remind the reader that 
an intimate relationship exists between the 
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degree of maturation of an organism and the 
“drive” which the organism shows m 1 ela- 
tion to external stimulation 

From the general standpoint of the de- 
velopment of behavior, however, the work 
of Tracy (1926) is especially woithy of note 
This investigator has studied fish embiyos, 
especially those of the toadfish He has 
caiefully observed and lecorded the growth 
of activity m this form from its first move- 
ment to a final free-swimming condition The 
first activity of the embryo m this form as 
m so many others is what may be termed in 
Parker’s sense the preneural and “indepen- 
dent effectoi” action of the heart (Parker, 
1919) The fiist behavioial movement of the 
fish is the bending of the tiunk in the an- 
tenoi region At times this movement is to 
the nght, at times to the left It is probable 
that the afferent propnoceptor or muscle- 
sense system is not functional at fiist At 
an early point a spontaneous flutter move- 
ment develops This movement probably is 
important m freeing the organism from the 
remaining egg membranes In general, toad- 
fish larvae when hatched lie at the bottom 
of the containing vessel in a quiescent state 
Then suddenly they move On the basis of 
careful study, Tiacy concludes that this 
“spontaneous” behavioi is i elated to cumula- 
tive changes in the blood of the oigamsm 
such that at a certain point the central nei- 
vous system is directly stimulated or the 
threshold of the cential nervous system is so 
altered that previously inoperative sensoiy 
impulses bieak over into motoi outlets Thus 
he concludes that spontaneous movements 
are the result of metabolites and oxygen de- 
ficiency in the blood stream Soon after the 
onset of such responses, the organism be- 
comes very sensitive to external stimuli The 
mucous membrane area about the mouth 
is the first to be sensitized In general, the 
spread of sensitivity is from this point to- 
ward the tail or possibly to the region that 
has just become most active The "ceph- 
alocaudal progression” of sensoiy and motor 
development which some writers propose as 
a law is, however, fai from regular in this 
organism, 

Tracy draws some fundamental conclu- 
sions from these studies He holds that if 
external conditions eotild be kept constant 
the activities of the organism would be 


determined by its own life processes or me- 
tabolism This would mean that all behavior 
would be rhythmic, like that of an excised 
muscle m a balanced salt solution At a 
later point we shall note that T G Brown 
(1915) holds that eaily mammalian reflexes 
may be of this nature In conclusion, Tracy 
says “From the beginning, and moie or less 
continuously dui mg its whole existence, the 
animal is driven thiough its environment as 
a result of stimuli which arise periodically in 
connection with its metabolic piocesses ” The 
nature of later behavior may be thought of, 
he further suggests, as dependent upon neural 
development and the interference m the in- 
trinsic rhythms of behavior brought about 
by the stimulation of the special extero- 
ceptors of the organism by external energies 
The basic relevance of this observation even 
for adult human behavior has been considered 
elsewhere (Carmichael, 1947) 

Development of Behavior in Amphibians 

We now turn to the study of the devel- 
opment of behavior in amphibians Swam- 
merdam, m his Bibel der Natur (1752), 
written before 1685, makes observations on 
the behavior of fiog embryos five days after 
fertilization and at othei periods (Preyei, 
1885, Swammerdam, edited, 1907) Swam- 
merdam has also recorded observations con- 
cerning the development of behavior m snails 
and othei invertebrates Leeuwenhoek (1967) 
made observations m this same field Among 
other early students of behavior m inverte- 
brates may be mentioned Stiebel (1815), 
Grant (1827), and Home (1827) Bischoff 
(1842) published a confirmation of the de- 
scription of movements previously observed 
by Swammerdam m amphibians He added 
a notation of the fact that the rate of these 
movements is a function of the tempeiature 
of the water in which the animals are main- 
taining themselves Preyei (1885) reviews 
all this woik as well as that of Perschir and 
Cramer on the amphibian embryo Preyer 
himself made elaborate observations on the 
early movements of fiog and salamander em- 
bryos He noted that stimulating the embryo 
led fiist to a slight twitch m the anterioi 
portion of the organism Following this move- 
ment in time he noted that the body was 
bent so as to bring the head and tail nearer 
together Reference to Preyer's original draw- 
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Fig. 2. Diagram of various positions of frog em- 
bryos ( Rana temporaria) just before emergence 
from the egg. Note especially the C and S re- 
actions. (From Preyer, 1885.) 

ings, reproduced as Figure 2, as well as to 
the text of his book shows that he considered 
these C or reverse C movements very im- 
portant. It is also clear from his drawings 
that he observed the fundamental S or sig- 
moid form of reaction. The importance of 
this S movement in freeing the organism from 
the egg is pointed out. That this movement 
is also related to the activity of swimming 
is an important consideration. 

Other students have worked on the rela- 
tionship between temperature and embryonic 
movements in larval amphibians (Preyer, 
1885). Many others have used this conve- 
nient laboratory type in work in experimental 
embryology. Much of this experimental em- 
bryology has direct bearing on the problems 
of this chapter. (See Detwiler, 1920, 1921, 
1922, 1923a, 1923b, and the bibliographies 
given by him.) 

If Preyer may be called the father of the 
scientific study of the development of be- 
havior, G. E. Coghill (see references in the 
bibliography) must be remembered as the in- 
vestigator who first charted the relationship 
between the detailed growth of the nervous 
system and the consequent alterations which 
occur in behavior. This investigator is notable 
also because of the completeness of his work 
on the salamander Ambhj stoma, as well as on 
other types. The life of Coghill with his com- 
plete bibliography by C. J. Herrick ( 1949 ) 
ably discusses the fundamental contributions 
of this original scientist to the study of be- 
havior. Coghill's first paper in this field was 
written in 1902, and from that time until his 
death in 1941 he published a most important 


series of papers on the development of be- 
havior in relation to the growth of the struc- 
tures on which behavior depends. In the course 
of his many papers, Coghill reported detailed 
studies of the neural mechanism underlying 
the first movement and the later sequences of 
movements as they develop in Ambly stoma. 
The first response results from the contraction 
of muscles just behind the head. As the em- 
bryo advances in age, this contraction be- 
comes, after a period of gradual transition 
lasting for about 36 hours, one which involves 
the whole animal. The result of this reaction, 
is that the organism assumes a position which 
may be described as that of a tight coil. This 
C or exaggerated C coil is sometimes oriented 
to the right and sometimes to the left. It may 
reverse instantly. At this point in development, 
all behavioral activities are initiated in the 
head region and progress toward the tail. 

In commenting upon this sequence, Coghill 
(1929a) notes that at this time: “Nothing 
really new has yet been introduced into the 
behaviour pattern of the animal since its first 
movement was performed, and the coil re- 
action gives the animal no locomotor power. 
Nevertheless the coil has in it the primary lo- 
comotor factor: cephalocaudal progression of 
muscular contraction” The transition from 
this behavioral level to the S reaction is amaz- 
ingly simple. One C contraction begins, for 
example, on the left, but before it has reached 
the tail another contraction to the right begins. 

The components of this movement may be 
made clearer by consulting Fig. 3. As this re- 
action gains speed, its performance exerts 
pressure upon the water and thus drives the 
organism forward. Thus the S reaction be- 
comes the basis of swimming or aquatic loco- 
motion. This fundamental pattern of behavior 
may well be a peculiarly significant stage in 
many other types of growing organisms. This 
same stage is seen clearly in the swimming of 
the lower vertebrates. It is somewhat ob- 
scured in the four-legged mammals and still 
more obscured in man, but that this S re- 
action plays its part in the growth of behavior 
in these higher organisms seems to be an es- 
tablished fact. Five stages in the development 
of this basic swimming activity have been 
made out by Coghill (1929a). 

1. The nonmotile stage, in which direct 
muscle stimulation by mechanical or electrical 
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Fig. 3. Three diagrams of Amblystoma. (a) The organism in an early swimming stage but with- 
out indication of muscle contraction, (b) The beginning of a swimming movement as a first flexure 
by contraction of a number of anterior muscle segments, (c) The swimming movement in which the 
first flexure has passed tailward and the second flexure is beginning in the anterior region. (From 
Cogill, 1929a.) 


means leads to muscular contraction and hence 
to externally observable response. 

2. The early C flexure stage, in which 
light touch on the skin of any portion of the 
body leads to a response. 

3. The tight-coil stage, in which the con- 
tractions noted in stage 2 become more pro- 
nounced and the extent of the contraction 
greater. 

4. The S reaction, which is characterized 
by a reversal of flexure before the previous 
flexure has been completely executed as a 
coil, thus leading to the sinuous behavior of 
the total organism. 

5. The speeding-up of the S reaction so as 
to produce the typical swimming movement 
of the amphibian larva. 

Youngstrom (1937) in studies upon Anura 
(frogs, toads, etc.) concludes that the Cog- 
hillian sequence of developing behavior ap- 
plies with only slight variations to the Anura 
studied. Wang and Lu (1940, 1941) , too, 
have shown that the stages through which 
the frog passes are similar to those described 
by Coghill. These investigators have also shown 
that severance of the spinal cord arrests the 


development of swimming at about Coghill’s 
stage 4. 

Coghill studied in great detail the neural 
structure characteristic of the salamander in 
each of the five stages noted above. On the 
basis of these investigations he shows how 
the known structure of the nervous system 
may make possible the behavior which has 
previously been described. It is important to 
recognize that for the most part Coghill 
(1929a) believed that in young organisms 
movement is typically away from the point of 
stimulation. 

As already noted, the salamander has, be- 
sides aquatic locomotion, other significant be- 
havior systems. Of these, walking or terrestrial 
locomotion and feeding require special con- 
sideration. The Amblystoma swims before its 
anatomical development has progressed to the 
point where it has true limbs. Structurally 
and functionally the forelimbs are in advance 
of the developing hindlimbs. In this organism, 
however, at first both sets of limbs, when they 
appear, move only in relation to the larger 
trunk movements previously described as those 
of swimming. Coghill shows why this must be 
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so because of the developing nervous system 
Gradually, however, independence of limb 
action or individuation of limb behavior over 
the dominance of the trunk movements be- 
gins (1930e) First the forelimbs gam a cer- 
tain autonomy, and later the hmdlimbs also 
"It is obvious, therefore,” obseives Coghill 
(1929a), "that the first limb movement is an 
integral part of the total leaction of the ani- 
mal, and that it is only later that the limb 
acquires an individuality of its own m behav- 
iour” He then suggests that the foielimb it- 
self may be considered to possess a pattern of 
development which is comparable to that of 
the total oigamsm At first, if movement oc- 
curs at all, the whole limb moves Later, el- 
bow flexion and wiist and digit movement m 
turn gam independence of the total member 
It is important to lecogmze that during this 
developmental sequence the time lelations of 
the swimming leaction may be considered as 
in a way superimposed upon limb activity 
Thus one may, if he wishes to, think of the 
alternate movements of walking in a four- 
legged organism as a growth out of the basic 
trunk movements of swimming previously 
described Coghill (1929a), indeed, says 
"Movement of the trunk m walking is noth- 
ing more nor less than the swimming movement 
with greatly reduced speed” Gradually the 
sinuous movement of the trunk is i educed as 
walking becomes moie independent, and even- 
tually the charactenstic land locomotion of 
the salamander appears 

There can be little doubt that this basic 
and important developmental sequence is de- 
termined in each organism by its own genetic 
code As we compare lower vertebrates, mam- 
mals, and man, we can see that some espe- 
cially "deeply organized” aspects of this code 
deteimme such anatomical facts as bilateral 
symmetiy, the vertebral column, the spinal 
cord, the attachment of appendages, and what 
can be called the fundamental working plan 
of the vertebrate But these "deeply estab- 
lished” aspects of the genetic code can also 
be seen in behavior The sequence of trunk 
bending and of patterned limb movements 
]ust reviewed can be observed at least from 
fish to man. 

It is interesting that the C posture and the 
S posture are seen m certain adult fish during 
courtship (Myrberg, 1965), 

The development of the feeding reaction 


in this same organism has been similaily stud- 
ied by Coghill (1929a), This response begins 
with a movement of the tiunk, then comes a 
reaction which involves a sudden lunge of 
the whole organism, aftei this there is a grad- 
ual coi relation between this lunge movement 
and the activity of the jaws and the muscles 
of the esophagus In summarizing this whole 
development, Coghill (1929a) says "Behav- 
iour develops from the beginning through the 
progressive expansion of a perfectly inte- 
grated total pattern and the individuation 
within it of partial patterns which acquire 
various degiees of discreteness ” It should 
also be noted that as this development con- 
tinues new senses become impoitant m rela- 
tion to behavior Coghill (1930a) believes 
that "the individual acts on its environment 
befoie it leacts to its envnonment” In con- 
sidering these beautifully elaborated general- 
izations of Coghill’s, it is important to remem- 
bei that in some details a different sequence 
in the development of behavior may well 
characterize the giowth of a mammal and a 
salamander One should not foiget also that 
even Coghill’s own neurological studies point 
to specific relationships between the locus of 
stimulation and the muscles that are caused 
to respond (1929a) In comparing the sala- 
mander and the guinea pig, foi example, it 
may be noted that the limbs aie quite fully 
formed before the first behavioral response oi 
reflex takes place m the guinea pig, but in 
the salamander behavior begins before there 
is any real morphological forelimb at all 
In a series of papers Carmichael has pre- 
sented the lesults of his studies of the devel- 
opment of behavior m Amhlystoma and the 
frog under conditions such that experimental 
groups of animals were laised under unusual 
environmental circumstances (Caimichael, 
1926a, 1927, 1928, 1929) A technique de- 
vised by Randolph (1900) and developed by 
Harrison (1904) was employed For a con- 
sideration of the effect of the anesthetic chlo- 
retone on the organism m question, a paper 
by Matthews and Detwiler (1926) should be 
consulted At a period before motility had be- 
gun, numerous developing Amhlystoma was 
divided into two groups, The first of these 
groups was used as a control, The second was 
used as an experimental group The experi- 
mental group was placed m water containing 
the anesthetic The control group was allowed 
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to develop normally m water Latei, at a de- 
velopmental point previously described by 
Herrick and Coghill ( 1915) , vigoious responses 
began m the control group At this time the 
experimental gioup showed morphological de- 
velopment but otherwise remained absolutely 
inert because of the action of the anesthetic 
However, m a short time — often only a min- 
ute or two — after the drugged embryos were 
placed in fiesh water, they began to swim 
well “ In fact, a number of the eighteen Am- 
blystoma embryos swam so well m less an 
one half hour after they had shown the first 
sign of movement that they could with dif- 
ficulty, if at all, be distinguished from the 
members of the control gioup who had been 
free swimmers foi five days” (Caimichael, 
1926a) In evaluating this woik, the publica- 
tion of Fromme (1941) should be consulted 
as this investigator reports that in an experi- 
ment similai to that of Caimichael impaiied 
behavior of short duiation was observed 
In later expenments efforts weie made to 
conti ol stimulation m othei ways (Carmichael, 
1928) These investigations led to the conclu- 
sion that the development of the neural and 
other mechanisms upon which behavior de- 
pends does take place in these organisms 
whether oi not they are as individuals re- 
sponding to external stimulation This seems 
to have a negative implication concerning an 
extieme mterpi etation of Childs (1921) en- 
vuonmentahst theoiy of the causation of 
growth m the nervous system* Nothing in 
these expenments is to be taken, however, as 
invalidating the idea that the giowth of the 
nervous system itself involves activity Stud- 
ies such as those of Burr (1932) and P Weiss 
(1926, 1939) on this same oigamsm empha- 
size the dynamic character of such growth 
processes For a general consideration of the 
relationship between neural growth and the 
development of behavior see Hooker (1950) 
and Hookei and Haie (1954) 

In the reptile class comparatively little work 
has been done, although Preyer (1885) re- 
ported some occasional observations on snakes 
Tuge (1931) also did some very interesting 
work upon the growth of behavior m the tur- 
tle* In this work the sequence of Coghill is 
seen as modified by the existence of the shell 
which especially characterizes this form Smith 
and Daniel (1947) have also made some in- 


teresting obseivations on the eai ly iesponses 
of the turtle 

In these relatively simple vertebrates, a 
punciple can be seen most clearly that applies 
in all animals, including buds, mammals, and 
man As morphological giowth of an organism 
m its envnonment takes place, one can see 
the genetic code at work as developmental 
stage succeeds developmental stage The neu- 
ral mechanisms so developed can be thought 
of as information processing devices that have 
allowed organisms possessmg such structures 
to adapt effectively to the environments in 
which they exist and survive Later, each in- 
dividual processes the “environmental infor- 
mation” acting on its own individual external 
sense organs m such a way that adaptive be- 
havior lesults 

DEVELOPMENT OF BEHAVIOR IN THE 
EMBRYOS OF BIRDS 

From an evolutionary point of view, the 
bird may be thought of as presenting an in- 
teresting comparison with the lower verte- 
biate and the mammal The amphibian em- 
bryo provides unusually favorable material 
for morphological and behavioral develop- 
mental study The gi owing salamandei or 
frog embryo may be obseived, without intei - 
feience of any sort, through its translucent 
egg covering and m free life after leaving 
these coverings Its egg yolk provides food 
dui mg a long part of the early developmental 
period On the other hand, the study of the 
development of behavioi m the mammal in- 
volves i datively complex suigery and, at pres- 
ent at any rate, a certain distuibance of the 
normal environment of the growing organism 
The bird embryo is harder to study than the 
amphibian but easier than the mammal It 
may be studied m a i elatively normal environ- 
ment, but a special technique is necessary to 
render the development of the bud embryo 
continuously observable Down through the 
years, however, the chicken's egg has been 
the subject of embryological study Needham 
(1931) reviews the use that has been made 
of the hen's egg m embryology since earliest 
times This writer describes the history of the 
artificial incubation of hens' eggs He notes 
also the beginning of systematic observation 
of embryos taken from eggs in various periods 
of incubation at the time of Hippocrates 
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(about 460 b c ) From that time on, the 
hen's egg has been extensively used m mor- 
phological studies of development Among 
those who have contributed to this develop- 
ment are Aristotle, Aelian, Pliny, Plutarch, 
Albertus Magnus, Leonardo da Vinci, AJdro- 
vandus, Fabncius (who made beautiful illus- 
trations of a series of chick embiyos), High- 
moie, Sir Thomas Browne, Harvey, and 
Malpighi Today the many admirable manuals 
on the embryology of the chick, such as those 
by Patten (1929) and F R Lillie (1919), 
present a large amount of evidence m regaid 
to the structuial development of the chick 
Schneirla (1965) notes that altncial buds 
first respond m a general way to mechanical 
stimuli but adaptive disci mnnation develops 
as visual and auditory clues become effective 
Preyei (1885), leviewmg certain of these 
facts many years ago, noted that, whereas the 
structural development of the chick is com- 
paratively well known, its behavioial develop- 
ment is not Although advances have been 
made since that time, this observation is still 
true A few casual observations on this de- 
velopment, nevertheless, were made at an 
early time Harvey as long ago as 1651 noted 
that the chick m the sixth day of development 
showed a bending and sti etching of the head 
(Preyei, 1885) About a century later B6gue- 
lm noted the heartbeat of the small embiyo 
on the third day, and on the sixth day the os- 
cillation of the whole body, and from that 
point on he records elaborate changes m move- 
ment He records the fact that he was able to 
observe the development for 15 days m the 
same living and developing embryo (Preyer, 
1885) Home, in 1822, was probably the first 
to note the movement of the extremities on 
the sixth day (Preyer, 1885) Von Baer, m 
1828, published rather extensive studies on 
the development of behavior m the chick, in 
which he noted the inception of the pendular 
movement of the whole embiyo as a result of 
amnion contractions (Preyer, 1885) Amnion 
contractions, he noted, were most marked on 
the eighth day and were successively less on 
the succeeding days This same investigator 
reported general activity of the embryo on 
the eleventh, twelfth, and thirteenth days 
The amnion contractions of the bird's egg 
have no complete parallel m other forms The 
growing chick seems, as it were, to be tossed 
in a blanket as it grows Von Baer also saw 


what he considered to be the beginning of 
breathing movements m the 14- to 16-day 
embryo Several other investigators are quoted 
by Preyer as having also made observations 
upon the development of behavior m the 
chick By far the most extensive study up to 
his time on the development of the bud em- 
biyo, however, was made by Preyer himself 
The extent of his study may be indicated by 
the fact that he used some 500 eggs m his 
experiments 

In this work Preyer gave much attention 
to the movements of the amnion which have 
been referred to above Preyer pointed out 
that the lhythmic movement of the amnion 
when at its maximum extent, between the 
seventh and ninth days, leads to such an agi- 
tation of the fetus that no study of fetal activ- 
ity can be made without taking these contrac- 
tions into account The amnion conti actions 
are generally descubed as independent mus- 
cle reactions They are non-neural Preyer also 
descnbes the giadual development of behav- 
ior of the chick embryo fiom its earliest head 
movement to the behavior necessary for hatch- 
ing Since the time of Pieyei there have been 
a number of special studies on particular as- 
pects of the fetal and hatching behavioi of 
the buds, such as those by Breed (1911), W 
Craig (1912), Clark and Clark (1914), and 
Patten and Kramer (1933) For the purposes 
of this chaptei Kuo's work is especially im- 
portant This woik is presented m a senes of 
papeis (Kuo, 1932a, 1932b, 1932c, 1932d, 
1932e, 1938, 1939a, and Gottlieb and Kuo, 
1965) The work of Orr and Wmdle (1934) 
and of Hamburgei and Balaban ( 1963 ) , Ham- 
burger and Hamilton (1951), Koecke (1958) 
is also very important 

To collect material foi the study of the 
morphological development of the egg, it is 
necessary only to open the shells at known 
periods of incubation Opening of eggs with- 
out special piecaution leads to the early death 
of the embryo, but this is not important if the 
oigamsm to be studied is placed at once in a 
fixative to piepare it for the histologist A 
number of techniques, however, have been 
devised to open the shell and still allow the 
continuous observation of the early develop- 
ment of behavior in the bird One of these 
methods, devised by Kuo ( 1932a) , has yielded 
excellent results Kuo's method makes possible 
an unmtenupted study of the developing 



THE ONSET AND EARLY DEVELOPMENT OF BEHAVIOR 461 


fetus without mtexfenng m any essential way 
with the natural membianes of the egg, or, 
more impoitant, with respnation of the em- 
bryo Kuo's operation may be described as 
follows The shell of the blunt end of the egg 
is cut off with a fine pair of scissors as fai as 
the inner membrane The whole inner mem- 
brane, however, is allowed to remain intact 
A very small amount of melted petrolatum is 
immediately and lapidlv applied to this mem- 
brane with a Chinese wilting brush At the 
tempeiature of the mcubatoi the petrolatum 
remains liquid but, when applied by an ex- 
pert does not spread This tieatment produces 
a transparent membianous window through 
which the embryo and the extraembryonic 
structures and functions can be observed This 
technique rendeis the membiane so trans- 
parent that it is almost as satisfactory as 
lemovmg the membrane In the course of ob- 
servations Kuo uses three incubators, one m 
which the eggs are kept befoie they are ex- 
perimented upon, another in which the opera- 
tion is performed, and the thud a special 
observation mcubatoi fitted with appropriate 
glass plates through which a microscope may 
be used For a criticism of Kuo's technique, 
see Becker (1940, 1942) 

Kuo has also devised a transparent dial 
graded m fractions of a millimeter which may 
be put over the cut end of the egg, thus mak- 
ing the quantitative measurement of fetal 
movements possible The writer has collabo- 
rated with Kuo m making a moving-picture 
film of the typical stages of development of 
the chick embryo For the most part these 
pictures were taken thiough the membrane 
treated as described above This procedure 
has been described (Kuo and Carmichael, 
1937) In connection with this technique a 
consideration of the air space of the hen's 
egg and its changes during incubation is in- 
teresting (See Romijn and Roos, 1938 ) S H 
Salter (1966) has developed a technique to 
record activity in eggs while the egg remains 
intact A transducer is used that resembles a 
loudspeaker without a diaphragm The egg 
to be studied rests on a cradle on top of the 
apparatus so that movements m the egg pro- 
duce damped oscillations proportional to their 
amplitude Sound signals produced in the egg 
can also be recorded The eggs used in the 
experiment were those of die bobwhite quail 
Using his special technique, Kuo has stud- 


ied many thousands of eggs, and on the 
basis of this study he has made definite 
statements m regard to the developmental 
sequence of behavior in the chick embryo 
This work deserves special consideration in 
this chapter because it is the work of a 
scientist who is interested in the psychologi- 
cal significance of behavioi and because 
it places emphasis on the part played by the 
environment m the determination of the 
course of behavioral development The le- 
sults are also presented m such a way that 
they are peculiarly applicable to psychologi- 
cal problems 

Kuo has traced the chionology and gen- 
eral natuie of behavioi in the chick em- 
bryo (1932a), the mechanical factors in the 
various stages leading to hatching (1932b), 
the influence of prenatal behavior upon 
postnatal life (1932d), and many other 
special topics such as the relationship be- 
tween acetylcholine and the onset of be- 
havior (1939a) In the last-named study 
Kuo shows that the first true neuially de- 
termined responses do not appear until after 
this substance may be detected This suggests 
that there may be a chemical mediation of 
the first response of the chick For a modern 
discussion of the physiology of neuromuscu- 
lar transmission, see Field, Magoun, and 
Hall (1959) A reference to Fig 1 will show 
that at one typical stage the embryo of the 
chick is very similar to the fetus of the rep- 
tile and, indeed, to the fetus of man It 
must, however, be remembered that the ar- 
rangement of the embryo of the bird m 
relation to its extrafetal membranes is, as 
suggested above, in a numbei of ways pe- 
culiar A description of this anatomical re- 
lationship may be found m Patten (1929) 

Kuo's woik on the chick may possibly 
best be summarized by indicating briefly 
something of the observed movement and 
the time at which the movement was first 
observed It should be noticed that the writer, 
by using the time at which the movement 
was first observed, may do an injustice m 
certain cases to the facts as presented by 
Kuo, because that investigator shows that 
in many cases the movement does not, on 
the average, arise until some hours or even 
days after it was first observed m peculiarly 
favorable specimens A summary of the com- 
mencement of the passive and active move- 
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merits characterizing the developmental be- 
havior of the chick may, howevei, give the 
best generalized picture of the development 
of the chick that is possible m the compass 
of this chapter The following activities are 
among those noted heartbeat, at 36 hours, 
head vibration, 66 hours, body vibration, 66 
horns, head lifting, 68 hours, head bending, 
70 hours, trunk movement, 84 hours, amnion 
contraction, 86 hours, yolk sac movement, 
86 horns, swinging, 86 hours, head turning, 
90 hours, movement of foiehmbs, 90 hours, 
movement of hmdlimbs, 90 houis, movement 
of tail, 92 hours, movement of toes, 5 days, 
response to electricity (m an embryo lemoved 
from the shell and placed m a physiological 
salt solution), 6 days, eyelid movement, 6 
days, response to pressure, 6 days, movement 
of eyeball, 7 days, swallowing, 8 days, leg 
folding, 9 days, fixation of body position, 
9 days, bill clapping, 9 days, response to 
touch (in physiological salt solution), 9 
days, fiist wriggling, 11 days, turning of 
body, 12 days, protrusion of neck, 16 days, 
respiratory movement, 16 days, response to 
rotation, 17 days, tearing of membrane, 17 
days, peeping, 17 days, response to light, 
17 days, response to sound, 18 days, response 
to vibration, 18 days, hatching, 19 days 
Final leaving of the shell does not typically 
occur, however, until the twentieth or the 
twenty-first day (Kuo, 1932a) 

Alconero (1965) has shown that giafts 
from 3 day chick embryos show spontaneous 
motility only when the grafts contain sections 
of the spinal cold This supports the view 
that spontaneous motility observed m vivo 
is neurogenic from the beginning 

Kuo has not been content with a mere 
passive description of the movements in- 
dicated above in their time sequences, but m 
every case he has attempted to give a 
description of the mechanical and environ- 
mental factors which are important m de- 
termining the special movements and the 
special modifications of movements that he 
notes Thus, for example, he points out that 
the beating of the heart leads to a geneial 
ihythmic vibration of the inert fetal body 
which starts the head into passive mechanical 
movement In connection with the heart beat 
of the chick, it may be noted that the struc- 
tural and functional change of this organ 
during growth has been intensively studied 


by Patten and Kiamer (1933) Almost from 
the first appearance of the cells which are to 
form the organ, beating may be noted This 
passive mechanical movement continues until 
at length it gives place on the fourth or 
fifth day to a tiue active movement Head 
movement m the chick begins as an up-and- 
down bowing Gradually, as a result of the 
change of the weight of the head and of 
associated structures m the egg, this up-and- 
down movement is changed to a sidewise 
movement, which is eventually inhibited by 
the altered relationship between the fetus 
and the yolk sac 

Kuo makes similar observations m regaid 
to the movement of the appendages and to 
other special behavioral functions He notes 
that during the penod of the most foiceful 
amnion activity, fiom the seventh to the 
ninth day, the mechanical movement of the 
fetus so stimulates it that theie is a large in- 
crease in the active movements of the em- 
bryo These movements are considered sig- 
nificant m the development of fuithei move- 
ment It is also observed that an active move- 
ment ongmatmg m the embryo may incite 
further activity of contraction m the tem- 
porarily i datively quiescent amnion Indeed, 
possibly as a result of this leciprocal activa- 
tion during the period of vigorous amnion 
contractions, the movements of the develop- 
ing chick m this period aie almost ceaseless 
It thus comes about that every part of the 
musculature of the embryo has been exer- 
cised before half its incubation period is over 
This fact led Kuo (1932b) to point out that 
any coi relation which it is desired to make 
between the development of behavior and 
the development of the nervous system in 
the chick must take into special consideiation 
the changing conditions of response due to 
morphological giowth and increase m weight 
of the body parts themselves and especially 
to the changing lelationships between these 
gi owing body parts and the environment in 
which the growth is taking place 

It is intei esting to note that the specialized 
movements of the eye and of the eyeball 
occui as early as the eighth or ninth day 
but that the first light response of the or- 
ganism does not oidmanly appear until the 
seventeenth to the nineteenth day under ex- 
penmentai conditions Thus the eye reflexes 
are present in the absence of effective visual 
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stimuli These eaily eye movements, indeed, 
have been found by Kuo to occui m con- 
junction with movement of the body m space 
instead of m lesponse to visual stimuli A 
similar temporal sequence m mammals and 
its probable mechanisms as worked out by the 
writer will be discussed below Only in the 
later periods of development do the eyes be- 
gin to acquire a relative degree of inde- 
pendence fiom the rest of the organism Kuo 
repoits that in general the responses to touch, 
pressuie, and electricity, which may be elic- 
ited fiom at least the tenth day onward, 
are similar to the normally excited responses 
which he has obseived In conclusion, Kuo 
asserts that practically every physiological ef- 
fectoi mechanism is thus shown to be m a 
functional condition long before hatching 
Thus the organs begin to function m many 
cases before they reach adult foim, indeed, 
many function m rudimentaiy form He feels 
that, as is true m the development of struc- 
ture, too much stiess cannot be laid on the 
fact that the development of behavioi is 
gradual and continual In Kuo’s opinion, 
the eailv embryonic movements may be 
thought of as the elements out of which 
every later response of the adult bird is 
built In this connection he points out that 
ceitam of the typical postural attitudes of 
the adult fowl are but returns to the tonus 
condition of the attitudes of pre-hatching life 
(I932d) This same observation, incidentally, 
although too infrequently presented, can be 
made m respect to mammals and man, and 
as such will do much to explain the matura- 
tion of many allegedly saltatory behavior 
pattei ns of postnatal life 
Gottlieb and Kuo (1985) have lecently 
published an extensive study of the develop- 
ment of the embryo of the Peking duck ( Anas 
platyrhynchos) In this study the techniques 
described previously for research on the de- 
velopment of behavior m the chick before 
hatching were used In these experiments 
the air space was shifted from the blunt 
end of the egg to allow the opening of a 
window for the study of embryos of less 
than 12 days of development The stages 
of development noted above for the chick 
were also found m general as characteristic 
of the duck The cited paper gives precise 
details concerning amnion contractions, heart- 
beat, passive and active head movements, 


eye movements, oial movements, neck move- 
ments, wing movements, hindlimb move- 
ments, tail movements, hatching movements, 
vocalization “combination movements,” and 
responses to external stimulation The authois 
stress the role of self-stimulation m the facili- 
tation of motor patterns m the duck They 
say, “ there is as yet no evidence to 
show that conventional learning theory is 
relevant to the prenatal development of be- 
havior ” They quote Thorpe (1956) 
“What is happening inside the egg when 
we detect movements of the embryo is, 
mainly if not entnely, a process of matura- 
tion of the innate behavior patterns” G 
Gottlieb (1965) has also demonstrated that 
chickens and ducks have prenatal auditory 
sensitivity and chicks and ducks soon after 
hatching respond to the maternal call of 
their own species better than the maternal 
call of the other species 
In a recent book, Kuo (1967) stresses 
the complexity and variability of behavior 
at all developmental levels and introduces 
the concept of behavioral gradients and the 
concept of behavioral potentials 
In the earner pigeon Tuge (1934) has 
shown that active movements as opposed 
to passive movements begin at about 105 
hours after the beginning of incubation 
The first movements observed are extensions 
and flexions of the head In 10 additional 
hours muscles of the neck, trunk, rump, and 
tail are also involved “Spontaneous” move- 
ments begin before response to chemical or 
tactile stimuli can be evoked At about 125 
hours m the incubation period the first flex- 
ion of the head and neck to tactile stimulation 
is called out The reflexogenous zone spreads 
from the cephalic to the caudal region as 
development proceeds Local leflexes of the 
wings and legs appear at about 155 hours 
Oir and Wmdle and their collaborators 
(Orr and Wmdle, 1934, Wmdle and Orr, 
1934a, Wmdle and Barcroft, 1938, Wmdle 
and Nelson, 1938, Wmdle, Scharpenberg, and 
Steele, 1938) have studied m detail the de- 
velopment of the bird In 1934 Orr and 
Wmdle reported that the first response to a 
blunt vegetable fiber needle takes place in 
the embryonic chick at 6J4 to 7 days after 
the onset of incubation This first response is 
a quick movement of the wing away from 
the trunk, a lateral flipperlike extension This 
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movement remains localized The local re- 
flexes of the embryo do not seem to develop 
from a geneialized behavior pattern but 
rather arise independently In another paper 
(Wmdle and On, 1934a) these two investi- 
gators show that the flexion of the chick 
fetus which takes place on the fifth day is 
of a sort which cannot be explained by the 
spinal cord structure at that time Probably 
the mechanism that sets off this behavior is 
chemical m nature The motor and sensory 
sides of the neivous system develop inde- 
pendently of each othei, and the motor side 
is functional first For a detailed report of 
the neural structure of the chick as its be- 
havior develops, the reader should consult 
Wmdle and Orr s paper ( 1934a) Wmdle and 
his collaborator (Wmdle and Baicioft, 1938, 
Wmdle and Nelson, 1938, Wmdle, Scharpen- 
berg, and Steele, 1938) have also published 
a series of papers upon the initiation of res- 
piration and the development of lespiration 
in the duck and the chick Peters, Vonderahe, 
and Powers (1958) have studied by electric 
means the development of the eve and optic 
lobes m the chick embryo 

Kuo has also developed an elaborate theory 
of the growth of behavior m relation to en- 
vironmental factors He points out that the 
intensity of stimulation must be controlled if 
one is to make any statement concerning 
the generality or specificity of an organism’s 
response He has pointed out that the physio- 
logical and behavioral growth of the orga- 
nism may be summarized m ten stages (1) 
cardiac movement, (2) active head move- 
ment, (3) trunk movement and response to 
electric currents, (4) first limb and tail 
movements and first amnion contraction, (5) 
head turning and lateral flexion, (6) the 
hyperactive period from 6 to 9 days, (7) 
reduction of bodily activities, (8) period of 
relative quiet (15 to 18 days), (9) pre- 
hatching stage, (10) hatching behavior (Kuo, 
1938) This is a descriptive procedure much 
prefeired to any too easy generalization at- 
tempting to summarize the whole course of 
behavioial giowth Kuo (1939b, 1939c) has 
also given an intei estmg review of the whole 
question of which comes first, total patterns 
oi local reflexes 

As previously suggested, the possible im- 
portance of chemical mediation in the deter- 
mination of the onset of behavior requires 


study Kuo (1939a) published a papei sum- 
marizing his investigations in this field 
Oppenheim (1966) has demonstrated that 
the removal of the amnion on days 9, 10, and 
11 has no effect on the cyclic motility of the 
chick embryo These observations lead us to 
question the importance of amnion activity 
m the initiation and maintenance of cyclic 
embiyonic activity at the ages studied 
It has previously been noted that some 
birds are far advanced at hatching, these are 
the so-called precocial birds Such buds, as 
soon as they are out of the shell, are ready 
to be acted upon by the new external en- 
vironment m very specific ways In recent 
yeais the term imprinting has been applied 
by ethologists and othei students of animal 
behavior to a rapid acquisition of behavior 
that commonly occurs early m life (or at 
some critical period) and that is relatively 
immune to extinction or forgetting Loienz 
(1935) points out that mipiinting can be seen 
very clearly m the following of the mothei 
oi some other moving object by newly 
hatched birds This is said to be a condition 
where the motor lesponses are innate and 
ready soon aftei hatching but the "releaser* * 
(effective specific environmental stimulus 
complex) is not innate Loienz says that this 
process of lmpunting is basically different and 
cannot be identified with learning But this 
question is an involved one and is clearly and 
exhaustively considered by W Sluckm 
(1964) [See also Schiller (1957), Gray, 
(1963), and Moltz (1960 and 1968 )] 

The idea of lmpunting is not new It was 
clearly described by D A Spalding (1873) 
m an epoch-making paper The present writei 
made reference to this woik m 1925 (Car- 
michael, 1925) Spaldings lesearch was, in- 
deed, discussed m some detail m Tames* Prin- 
ciples of Psychology (1890) 

W Craig (1914), one of the present 
writer’s teachers, eai ly pointed out another 
form of imprinting that has since been more 
completely studied He notes that ring doves 
lemoved from their parents at a young age 
directed sexual lesponses at 1 year to the 
hand of the experimenters and at first ig- 
noied female doves as objects of courtship 
The previously isolated doves still reacted 
positively to the human hand even after 
normal sex behavior had been established 
(See also Craig, 1908,) 
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H F Harlow and his associates have made 
dramatic and important discovenes concern- 
ing the development of infant-mother affec- 
tion, mothei-mfant affection, peer affection, 
heterosexual affection, and parental affection 
These are put thiough an orderly senes of 
maturational stages (Harlow and Hailow, 
1965) 

Othei examples of the impoitance of mat- 
uration and of early experience or imprinting 
on courtship, aggression, and anxiety have 
been descnbed Much of this work is sum- 
manzed by Beach and Jaynes (1954) An- 
drew (1964) has shown that ‘naive” day- 
old chicks can be caused to respond to 
objects in then environment when these chicks 
were injected with testosterone and kept in 
isolation until tested Two of the chicks at 
once mounted the imprinting object and 
carried on copulation movements after their 
first approach to it Other papers which 
describe the effect on the time of appearance 
of specific behavior patterns by the injection 
of testosterone in chicks can be reviewed in 
this connection 

Many experiments have been earned out, 
especially on nidifugous birds, to study the 
imprinting of a following lesponse Fabncius 
(1955) has studied this in detail E Hess 
has shown in excellent laboratoiy expenments 
that when ducklings aie hatched, the first 
moving object they see is ordinarily the 
mother duck Thus the young, immature ani- 
mals will typically follow hei, but if they 
see another moving object, they will follow 
it (Hess, 1958, 1962) Jaynes, m a series of 
papers, has studied the interaction of learned 
and innate behavior with special leference to 
imprinting and emergent discrimination 
(Jaynes, 1956, 1957, 1958a, 1958b) See 
also Moltz (1960, 1968) 

The fact that birds can be imprinted by 
sound has been shown by Grier, Counter, 
and Shearer (1967) A batch of eggs was 
exposed to a patterned sound continuously 
from day 12 to day 18 of incubation while 
a control group was hatched m quiet In a 
postnatal test, all chicks tended to creep to- 
ward a stationary sound source but the ex- 
perimental group showed a preference for 
the sound heard during incubation In a 
second test, the experimental chicks followed 
a moving model longer when it emitted the 
familiar sound than when it emitted a novel 


sound oi no sound at all These lesults indi- 
cate that imprinting follows the law of an- 
ticipatory function as defined previously 

THE DEVELOPMENT OF PRENATAL 
BEHAVIOR IN THE INFRAHUMAN 
MAMMAL 

The development of behavioi m the m- 
fiahuman mammal is in a number of respects 
more significant for one who would under- 
stand the growth of behavior and psycho- 
logical functions m man than is the considera- 
tion of the amphibian or bud presented 
above There are peculiar difficulties, how- 
ever, m studying the development of fetal 
behavioi in mammals These difficulties can 
be made clear only by a brief review of the 
bodily structuies and functions involved in 
the prenatal development of typical placental 
mammals, including man In barest outline, 
disregarding many differences between vari- 
ous species of such mammals and many con- 
sequent qualifications, this process of de- 
velopment may be reviewed as follows 

The tiny fertilized mammalian egg is not 
at first attached but, probably as a result 
of ciliary action and the muscular contrac- 
tion of the tubes, moves from the oviduct 
where it has been fertilized to the uterus 
Parker (1931) has summarized the evidence 
in this field During the process of movement, 
which occupies 4 to 10 days, depending on 
the type of mammal under consideration, 
the processes of development have begun 
which are to form the embryo and its mem- 
branes Two embryonic folds are early formed 
which join to make up the then enclosing 
amniotic sac This sac gradually enlarges It 
is filled with a special liquid, the so-called 
amniotic fluid, which has a very definite 
chemical make-up and a specific gravity of 
1006-1081 (Feldman, 1920) The specific 
gravity of this liquid is thus not far from that 
of the developing embryo, a fact of great 
importance m understanding the mechanics 
of certain forms of receptor-nervous-system- 
effector action m the fetus at a later period, 
That theie is a change in the specific gravity 
of the fetus during development has been 
shown by Stephenson and Roberts (1962) in 
the sheep at 50= days it is 1 03 but at 140 
days, about 1 06 (Stephenson and Roberts, 
1962) As growth continues, the sac more 
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and more completely sui rounds the embryo 

It is quite appiopnate, as numerous wi iters 
have pointed out, to compaie the “weightless 
condition” of the mammalian fetus with the 
traveler m space It will be emphasized latei 
that because of this condition, the fetus 
shows many types of behavior that are not 
observed for some time after birth Reynolds 
(see Avery, 1965 says, “It is a captivating 
thought that the uteius is the assigned space 
capsule of mankind and that all have been, 
so to speak, m weightless orbit — befoie they 
were bom ” Avery discusses this idea fiom 
a physical and psychological point of view 
m some detail 

The embiyo thus immeised and suppoited 
is lelatively independent of most dnect me- 
chanical surface contacts Coincident with 
this development the othei fetal sacs aie 
foimed One of these, the vitelline sac, cor- 
lesponds to the yolk sac of lower foims, al- 
though of course m the higher mammalian 
types it contains vntually no yolk In later 
development of the fetus this sac is relatively 
much reduced m size, and at the time of 
birth is known as the umbilical vesicle Snell 
and Stevens (1966) have given an admirable 
description of the early embryology of the 
mouse Sections of embryos spaced at 6-hour 
intervals from 4 to 9 days were used in the 
study The diagrams and lepioduced sections 
make this tieatment very clear and the 
authors also give full citation of relevant 
hteiature 

Now that so much attention is being given 
to organ transplants in adult human beings, 
it is mteiestmg to think that the fetus is in 
a sense a foreign organism that has a diffei- 
ent genetic code from the mother and yet is 
a successful graft If the factors influencing 
this “graft” could be undei stood it might be 
more easy to improve the steps now used 
m heart or kidney grafts 

The allantois also makes its appearance 
as an outgrowth of the developing digestive 
tract of the embryo This sachke structure 
comes in contact with the previously formed 
primitive chorion, with which it fuses to 
make up the tiue chorion This doubly 
derived chorion now rapidly becomes a com- 
pletely enclosing membranous wall outside 
the ammotic sac The chonon continues to 
be attached to the embryo proper, however, 
by means of the allantoic stalk, which comes 


to conduct as well the two allantoic arteries 
and the two allantoic veins 
As this development has piogressed, there- 
foie, the mammalian egg has become at- 
tached to the wall of the maternal uterus As 
the veiv complex moiphological changes, 
some of which have been suggested eailiei, 
take place, the circulatory system of the fetus 
and its membranes continues to develop This 
fetal circulatory system is mechanically com- 
pletely sepaiated fiom the maternal blood 
system, but the separation is, m ceitam areas, 
only that of a cell wall By mtei change 
thiough living membranes, theiefoie, oxygen 
and food materials pass fiom the maternal 
blood system into the independent embryonic 
blood system, similarly, caibon dioxide and 
other metabolites pass m the opposite dnec- 
tion into the maternal blood stream Some 
antibodies, blood components, piotems, and 
other substances also pass the placental bar- 
rier Typically, m the higher mammals only 
part of the chonon is dncctly attached to the 
maternal uterus This aiea of attachment is 
called the placenta As noted later m the 
chaptei, the exchange of endocrmes thiough 
the placenta is important The placenta may 
best be thought of as involving two parts, 
one derived from the embryo and the other 
from the maternal uteius The pait derived 
fiom the maternal uterus becomes laigei 
and larger, eventually encapsulating the de- 
veloping embiyo and its membranes, which 
have just been descubed This tiue maternal 
membiane, as distinguished fiom the pre- 
viously considered fetal membranes, is called 
the decidua capsularts 

In human development, as the fetus grows 
this decidua capsularis comes to be m con- 
tact with the mucous membrane lining of 
the rest of the uterine cavity, the so-called 
decidua vera Thus as it grows the fetus is 
enveloped in an elaborate senes of mem- 
bianes Figure 4 shows these relationships 
m very schematic foim in the human orga- 
nism These developed membianes serve an 
impoitant function They piovide withm the 
mothers body a strong, many-layered sac m 
which is maintained a liquid envnonment 
of very constant temperature and remark- 
ably constant physical and chemical constitu- 
tion Hsu (1948) has shown that in white 
rats increasing the temperatures somewhat 
above normal affects pregnancy The results 
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Fig. 4. Diagram representing the relationship between the uterus, the membranes, and the embryo 
during early pregnancy, (From Carmichael, 1933.) 


suggest that with elevated temperatures the 
percentage of pregnancies affected is greater 
when the heat treatment is earlier. This result 
emphasizes the importance of constant and 
normal conditions of the uterus during preg- 
nancy. 

For an elaborate consideration of fetal de- 
velopment made clear by excellent diagrams, 
see Spee (1915). See also Barclay, Franklin, 
and Prichard (1946, 1947) for a considera- 
tion of changes in fetal circulation at birth, 
(See also Strang, 1964.) 

By means of the association at the pla- 
centa, as just noted, the independently de- 
veloping embryo is able, parasiticalJy as it 
were, to receive food materials, oxygen, and 
other substances from the maternal blood 
supply and to send back into that system 
the waste products of its own organic life. 
The extremely important and technical topic 
of fetal respiration has been intensively stud- 
ied by Barcroft and his associates and by 
many other workers. For a review of this 
literature see Barcroft (1938, 1946) and 
Windle (1940) . The mechanism of the fetal 
membranes, therefore, makes possible fetal 
respiration, nutrition, and excretion. It is in 
a physical world of this sort that we must 
consider the fetal mammal as developing and 
in its later stages as actively responding. The 
nature of this very special environment must 


not be forgotten in considering every evi- 
dence of sensory or behavioral life which 
the fetus shows. It must be emphasized, how- 
ever, that there are great differences in de- 
tail in the relationship between fetus and 
maternal organism in different mammals. As 
Windle (1940) has pointed out, “Time and 
again in the study of prenatal physiology it 
will appear that species variations in the 
intimacy between maternal and fetal blood 
streams may explain differences in experi- 
mental results.” 

The relationship between blood flow in 
the umbilical cord and the rate of fetal 
growth in the sheep and guinea pig has been 
studied by Greenfield, Shepherd, and Whelan 
(1951). 

The rupture of the fetal membranes during 
parturition is produced by the contractions 
of the muscular walls of the uterus. The phys- 
iology of this process is complex and im- 
portant. (See Barron, 1940.) 

Parturition and birth are important proc- 
esses in the life of every mammal. The word 
parturition is derived from the Latin and 
means “in labor.” It is a name for the actions 
and processes of the mother that lead to the 
giving of birth to offspring. The word birth 
is a name for the processes in the period 
during which a mammalian fetus becomes 
established as an individual that is physio- 







468 LEONARD CARMICHAEL 


logically independent of the mother's body 

One of the most important physiological 
facts of birth is the change fiom fetal circu- 
lation to postnatal circulation This involves 
the closing of the foramen ovale (the fetal 
opening between the two auricles of the 
heart) and the ductus artenosis (the shoit 
vessel m the fetus which connects the pul- 
monaiy aitery with the aoita) In some hu- 
man neonates known as blue babies (i e , 
babies with congenital cyanosis) the fetal 
circulation persists to some degree and may 
require surgical intervention No one can 
fully understand either fetal 01 neonatal re- 
sponses without realizing the great lmpoi- 
tance m the lelease of such behavior of the 
adequacy or inadequacy of the supply of 
oxygen to the biam (See Barcioft, 1938, 
1946, etc , also W F Wmdle, 1940 ) 

A new book, Fetal and Neonatal Physiol- 
ogy , by G S Dawes (1968) considers m 
detail the development in the fetus and m 
the newborn organism of the structuie, func- 
tions, and responses that aie necessaiy to 
maintain the normal internal envuonment 
and to allow growth and development Heie 
the modem literature on fetal cn dilation, 
birth changes, and the circulation of the 
blood m the newborn are fully considered 
The comparative “critical periods of develop- 
ment" for the biam of man and other mam- 
mals is well considered m this volume 

A shoit time after the birth of the young 
mammal or the child there follows the ex- 
pulsion of the now discaided enveloping 
membranes This “afterbirth" consists largely 
of the remains of the decidua, the chonon, 
and the amnion In mfrahuman mammals this 
afterbirth is customarily eaten by the mothei 
(Tmklepaugh and Hartman, 1930) This is 
an intei esting lesponse to be considered m 
relation to the problem of the special hun- 
gers and patterned “instincts" of the oiga- 
nism 

There are those who advocate m human 
birth draining the blood of the afteibnth into 
the newborn child 

Fiom what has been said, it is obvious 
that the developing mammal is so well pro- 
tected that it is difficult to study its growth 
at different periods, and nearly impossible — 
although the “impossible" has been accom- 
plished, as will be pointed out later — to 
observe continuously the development of the 


same mammalian fetus A senes of papers by 
Nicholas (1925, 1926, 1927, 1929a) demon- 
strates the possibility of experimental manip- 
ulation of the mammalian egg and growing 
embryo This woik has fundamental implica- 
tions not only foi the “new" embryology but 
foi the whole study of the giowth of be- 
havior 

It may still be said that it is “impossible" 
to study the mammalian fetus under as nearly 
normal conditions as those under which Kuo 
has studied the chick There is real danger 
m generalizing upon the nature of fetal de- 
velopment on the basis of observations made 
under abnoimal conditions, as Kuo himself 
( 1932c) has said Obseivations on the mam- 
malian fetus must be abnormal because the 
piotection which is provided by the fetal 
membianes just considered must be destroyed 
if some forms of dnect observation are to 
be possible 

It will, of course, be unnecessary heie to 
give an account of the development of be- 
havioi m all classes and orders of mammals 
Indeed, no special studies have been made 
of most mammalian foi ms For example, so 
far as the wntei is awaie, no special study 
has been made of the development of be- 
havior m the fetal monotremes The study 
of the development of behavioi m these 
primitive Austialian egg-laying mammals 
would probably piovide fundamentally sig- 
nificant facts that might be applied to higher, 
truly viviparous forms In both the oimtho- 
rhynchus and the echidna, eggs with soft 
shells, nch in yolk, undeigo segmentation in 
the uterus and aie then laid and incubated 
The incubation by the ormthorhynchus is m 
a nest, by the echidna, m a pouch When 
hatched, the young of this subclass are 
nouiished by the secretion of great glands 
possibly moie like sweat glands than like the 
true mammary structuies of highei mam- 
mals But a detailed descnption of behavioral 
growth m these forms is not, so far as the 
writer can discover, available (See Buirell, 
1927 ) 

Study of the development of behavior 
m what is generally considered the next 
higher subclass above the monotremes — - 
namely, the maisupials — has been carried 
on Indeed, the maisupials aie found to be 
very favorable matenal for developmental 
studies The young of animals m this subclass 
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are bom in a condition which can be con- 
sidered only that of a lelatively lmmatme 
fetus (Langwoithy, 1928) In the maisupials, 
although eaily development occurs in the 
maternal uteius, and although the fetus is 
nourished by secretions fiom the uterine wall, 
no true placenta is foimed Possibly foi this 
reason these true mammalian fetuses are 
bom while still at an early penod of de- 
velopment and aie as yet open to easy con- 
tinual external observation dui mg most of 
the important giowth stages m which be- 
havior change may be noted This fact has 
made this form a favorite one for studies of 
neurological development by such students 
as Weed and Langworthy (1925a, 1925b) 
and Langworthy (1928) After birth the 
young aie caied foi by the mothei for many 
weeks m a pouch, the marsupium, into which 
the mammary nipples open (Hartman, 1920) 
In certain of the marsupials, indeed, the 
once independent fetus again becomes func- 
tionally but not structuially attached to the 
mother, as for a long penod aftei the ma- 
ternal nipple is taken into the mouth the 
nipple is never removed until the animal is 
leady to entei upon truly fiee life (Hartman, 
1920) 

From the standpoint of the student of 
the development of behavioi, the most ade- 
quately studied form of this subclass is the 
Vngima opossum In a series of complete 
and brilliant papeis, Hartman (1916a, 1916b, 
1919a, 1919b, 1920) has brought togethei 
the knowledge in regard to the development 
of the fetus m the opossum and related types 
Until his own work was begun, Hartman 
points out that the birth of the opossum and 
the behavioi ally significant journey of the 
newborn organisms to the pouch had been 
observed and described by but one man, 
Middleton Michel Michel's obseivations, 
which are lepnnted by Hartman (1920), led 
to a belief that the mother transfen ed the 
newborn animals to the pouch Hartman's 
work, however, has shown that the newborn 
oi gam sms tiavel directly from the vulva 
to the maternal pouch without the aid of 
the mothei He savs 

Unerringly the embryo traveled by its own 
efforts, without any assistance on the mothei 's 
part, other than to free it of liquid on its first 
emergence into the world, this ten-day-old 


embryo, m appeal ance moie like a worm 
than a mammal, is able, immediately upon 
release from its liquid medium, to crawl a 
full thiee inches over a difficult terrain In- 
deed, it can do more after it has arrived at 
the pouch it is able to find the nipple amid 
a forest of hair This it must find — or perish 

Hartman has further shown that this es- 
sential journey is to be considered a negative 
geotropism, because under experimental con- 
ditions embryos can be made to travel away 
from the pouch if only the skin upon which 
they are moving is tilted upwaid The loco- 
motion of the embiyo is described as a kind 
of overhand swimming stroke in which the 
head sways as far as possible to the side op- 
posite the hand which is taking the propel- 
ling stioke It is further noted that “With 
each turn of the head the snout is touched 
to the mother s skin and if the teat is 
touched, the embryo stops and at once takes 
hold ” 

The conclusion may be suggested, there- 
fore, that this young mammalian organism, 
less than 2 weeks lemoved from an un* 
fertilized ovum, has already developed to 
a pomt of independent ability so far as air 
lespiration, alimentaiy canal digestion, and 
the leceptor-neuromusculai mechanism of 
geotropically oriented simple progiession are 
concerned McCrady (1938) has devoted a 
book to the description of the development of 
the opossum, a notable book m many respects 
but especially because of its beautiful draw- 
ings 

McCrady, Wever, and Bray (1937) have 
studied the electucal responses from the coch- 
lea of the pouch-young opossum These in- 
vestigations have coi related reflex startle re- 
sponses and the electrical output of the ear 
The first responses of a startle type were 
found at 50 days Nine days later the elec- 
trical output showed that the sensitivity of 
the ear was in about the midaudible lange 
with 2000 cycles as the maximum At 82 days 
the maximum had shifted to 7000 cycles A 
lineai relationship between intensity of stim- 
ulus and electrical response was found This 
suggests that these young organisms have a 
very efficient electrical-acoustical apparatus 
Hill and Watson (1958) have described the 
eaily development of the brain in a number 
of marsupials The development of tempera- 
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ture regulation in the opossum has been de- 
scribed by Petajan and Morrison (1962). 

Goerling, in an article also reprinted by 
Hartman (1920), gives an account of the 
birth of the kangaroo, an animal of the same 
subclass as the opossum. It has been observed 
that in the kangaroo the young animal moves 
through the fur from the opening of the uro- 
genital canal to the pouch. The following ob- 
servation is recorded in regard to the fetus: 
“It moved about slowly, very slowly, through 
the fur upwards, using the arms in its prog- 
ress, and continually moving the head from 
side to side . . .” (Hartman, 1920). Thirty 
minutes were required for the passage, but 
during this time the mother gave no assistance 
whatsoever. Goerling further notes that the 
arms of the newborn kangaroo are strongly 
developed. The small hands open and close 
like a cat’s paws. He says: “By these strong 
little arms and hands the young one is en- 
abled to labour its way to the pouch, the 
place of safety and nourishment” (Hartman, 
1920). It is further pointed out that, so far as 
the sucking reflex is concerned, once a young 
kangaroo is removed from the teat which it 
has taken in its mouth it is apparently unable 
to reatach itself. Figure 5 shows the early 
fetal appearance of the pouch-young kanga- 
roo (Parker and Has well, 1921). 

In the series of papers referred to above, 
Hartman reports his studies of the early em- 
bryology of the opossum but without any de- 
tailed reference to the onset and development 
of behavior before the early motility stage in 
which it is found at birth. It is interesting to 



Fig. 5. A so-called mammary fetus of the kang- 
aroo attached to the maternal teat. ( From Parker 
and Haswell, 1921.) 


note, however, on the basis of the evidence 
given above, that in the marsupials young 
organisms which might even still be called 
embryos are born in what is in many respects 
a very early fetal condition. Their behavior, 
as indicated above, is significant at any rate 
in a number of ways for the general student 
of the development of response. Once in the 
pouch these organisms can be studied without 
the usual difficulties of disturbed respiration 
and digestion of higher mammalian fetuses of 
comparable developmental age which still de- 
pend upon the placental circulation. The re- 
ports just given suggest that in this organism 
there is a general conformity with the pattern 
of development of the amphibian larvae con- 
sidered previously. As in the case of Amblys - 
toma , the young opossum moves with a wrig- 
gling movement which from the description, 
“the head swaying as far as possible to the 
side opposite the hand which is taking the 
propelling stroke” (Hartman, 1920), suggests 
the double S movement elaborated by Coghill 
and others as a characteristic of the onset of 
aquatic locomotion in larval amphibians. It 
is also significant to note that it is the fore- 
limbs, both in the opossum and even in that 
characteristically hindlimbed organism, the 
kangaroo, which are mentioned as the first 
effective agents of locomotion. 

This again at least does not contradict the 
view that behavior typically develops from 
the anterior to the posterior segments of the 
organism. This generalization may be said to 
be essentially true of behavior growth in in- 
vertebrates, amphibians, and bird embryos. 
Moreover, there is nothing in the develop- 
ment of the feeding reaction which is pre- 
sented that shows its essential sequence to be 
different from that already noted in lower 
types. Langworthy (1925, 1928) and Weed 
and Langworthy (1925a, 1925b) have stud- 
ied the development of progression and body 
posture in pouch-young opossums. They find 
that decerebration of young opossums does 
not lead to decerebrate rigidity, but rather to 
an increase in progression movements. This 
suggests that at this period the cortex has as 
yet established little dominance over the other 
neural determinants of behavior. Similarly, 
they note, after giving a complete review of 
the work on the nervous system of the opos- 
sum, that electrical stimulation of the brains 
of pouch-young opossums gives contralateral 
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leg responses but no other responses for ovei 
50 developmental days (Weed and Langwoi- 
thy, 1925b) These observations are impor- 
tant m regard to the part played by myehn- 
ization of the neivous system m behavior and, 
incidentally, seem to confirm the priority of 
forelimb progression in the eaily behavioral 
repertory of this form Larsell, McCrady, and 
Zimmerman (1935) have studied the mor- 
phological and functional development of the 
membranous labynnth of the innei eai of the 
opossum Neive endings are present around 
the receptor "han cells” befoie the ear is 
functional Vestibular reflexes appear at about 
43 days aftei insemination, acoustic reflexes 
appeal at 50 days Myelm appeals on the ves- 
tibulai neive fibers at the time leflexes first 
appear It mci eases as the leflexes become 
more pzonounced The evolution of maisupial 
leproduction is clearly treated by Kean 
(1961) 

Of all oiders of infrahuman mammals, the 
lodents have probably been most completely 
studied, so far as the development of behav- 
ior is concerned It is difficult to say when the 
study of behavioral growth m rodent fetuses 
began They are convenient animals to work 
with, and it is highly probable that some 
member of this order was used by the classic 
embryologists, whose work will be leviewed 
historically zn the course of a discussion of the 
specific development of behavior in man is 
given It is known, at any rate, that the dead 
embryos of typical lodents — namely, the rab- 
bit, guinea pig, and mouse — besides many 
other animal forms, were discussed by Hier- 
onymus Fabrieius m his monumental work 
De Formato Foetu m 1604 (Needham, 1931) 
It is highly piobable that this wnter or some 
of the other great embryologists of the Ren- 
aissance observed the behavioi of fetal ro- 
dents, because at this time embryology was 
still much concerned with the Aristotelian 
problem of the development of the vegetable, 
sensible, and rational souls m all the forms 
which were studied 

It was not until Preyer began his series of 
expei iments on fetal guinea pigs and other 
animals that the modern period of the study 
of the behavioral growth of the rodent be- 
gan In his summarizing work of 1885, Preyer 
gives an elaborate history of the study of the 
development of behavior m each form which 
he considers Significantly enough, however, 


m this treatise, when he deals with the de- 
velopment of mammalian behavior, he begins 
almost without historical references 

Preyer (1885), in his own experiments, 
however, used a number of different types of 
mammals and a number of different techniques 
m his study of the development of behavioi 
His most significant woik was done on the 
guinea pig In studying this rodent he used 
at least six methods 

1 The animal was placed on its back, and 
the movements of the external abdominal wall 
of the piegnant mother were observed with- 
out interference He also made such observa- 
tions on pregnant females on which so-called 
animal hypnosis or tonic immobility had been 
induced by an appropriate posture and pres- 
sure manipulation As a result of these types 
of direct observation he concluded that there 
are periods of quiescence, lasting sometimes 
for more than an hour, interspersed with pe- 
riods of great activity in fetal behavior, at 
least during the latter pait of the pregnancy 

2 In anothei experiment he placed a long, 
thin needle directly through the abdominal 
wall and the fetal sacs of the pregnant female 
and piessed it into the fetus This needle was 
inserted so that, when the fetus moved, the 
needle, forming a sort of lever, could be ob- 
served to change its position As a result of 
these investigations, the fiequency of fetal 
activity was noted It is all too clear to the 
modern investigator accustomed to the use of 
anesthetics in animal experiments that the fe- 
tus and the mother could hardly be consid- 
ered “normal” during these studies 

3 He listened to the fetal movements 
through a stethoscope and lecorded that m 
the later stages of pregnancy they made a 
peculiar Knistern and Knacken 

4 By operation he found it possible to 
allow a single limb to extrude from the sac 
in such a way that its movement could be 
observed 

5 By expenmental surgery it proved pos- 
sible to observe the movements of the fetus 
still in the mother's body In this situation he 
was able to note the effect of changing the 
blood supply upon fetal behavior and to come 
to the conclusion that, although deprivation 
of oxygen did at times lead to general fetal 
movements, such depnvation was not an es- 
sential cause of such movements 



472 LEONARD CARMICHAEL 


6 He also removed guinea pig fetuses m 
the air-breathing stage and studied them when 
supported by blood- waim physiological salt 
solution and m a warm chamber In observ- 
ing the movements of such fetuses he charac- 
terized then responses as “schr mamgfaltig, 
ungeregelt, asymmetnsch , arhythmisch ” 

It is interesting to note that these aie vir- 
tually the same words used by Minkowski 
and many others later in descnbmg early hu- 
man fetal movements Pieyer also obseived 
ceitam movements of stretching and of leflex 
contraction and extension which would be 
difficult foi the fetus while confined m the 
sac This phenomenon has been seen many 
times by the writer, who knows of no evi- 
dence that Preyei used any anesthetics m em- 
ploying anv of the methods noted above The 
criticism of the more painless woik of latei 
investigates, that possibly the fetal material 
was anesthetized, cannot theiefoie be tuged 
against this pioneer work of Prever, which 
may, however, be criticized on humane 
grounds 

In one case Preyer (1882) notes that, 
when his observations were made on a guinea 
pig m the still intact sac, touching the skm 
of the face led to a localized brushing move- 
ment on the part of the forelimb of the fetus 
as if to wipe away the offending stimulus 
which was touching the pad of the vibnssae 
We shall see that the study of the develop- 
ment of this abilitv m the fetus may throw 
light upon certain aspects of the old question 
as to whether oi not the peiception of space 
is natively or empincallv determined 

Prever gives a rather general description 
of development m the fetal guinea pig In a 
fetus 20 to 21 mm m length no movement 
was seen, but he adds that this may not be 
interpreted as assurance that no movement 
had previously occurred while the organism 
was in the uterus In one of 81 to 83 mm, 
however, opened under blood-warm salt so- 
lution, the heart was seen to beat strongly 
and chest movements were noted In much 
larger fetuses, 10S to 111 mm long, a com- 
plete repei tory of action almost like that seen 
in the adult animal was lecorded Many other 
observations are given on fetuses whose 
lengths aie not recorded On the basis of these 
observations on fetuses, often appioximately 
dated by statements m regaid to the hair and 


teeth condition of the organism, it is possible 
to say that Preyer noted m the development 
of behavior m the guinea pig a gi adual change 
m lesponse with growth The very eaily move- 
ments changed by gi adual development until 
elaborate adaptive responses appeared Con- 
cerning a senes of carefully weighed litters 
in later stages he gives a detailed account of 
definite responses These activities include the 
pinna reflex to sound, now often called Prey - 
ei’s reflex , the pupillary reflex to light, and 
even the ceiebral inhibition of reflexes as a 
i esult of antagonistic stimuli ( 1885 ) He points 
out that m a 173-gm guinea pig the teeth of 
the organism weie so well developed that they 
bit his fingernail shaiply On the basis of 
all this observational and expei imental woik, 
Pieyei turns to his consideration of the de- 
velopment of behavior m the human fetus, to 
which leference is made below 

The fiist systematic study of the develop- 
ment of fetal behavior m guinea pigs, from 
the point of view of behavioral psychology, is 
Avery's (1928), earned out m the Psycholog- 
ical Laboiatory of Stanford Umveisity As a 
backgiound foi the study of prenatal develop- 
ment, Avery caiefully investigated the re- 
sponses to stimulation shown by newborn 
guinea pigs (See also Diapei, 1920 ) As con- 
trasted with the naked and almost helpless 
neonatal marsupials described previously, the 
guinea pig is at birth m many lespects stiuc- 
tuially and functionally a matui e animal It 
is bom with a sleek coat of fiu Its teeth aie 
well erupted Its eyes and eais aie open Its 
heart pulsations and bieathing may be quite 
continuous and regulai It is able to loll from 
back to side, side to back, and side to haunches 
It can ci awl, stand, and walk 

To the pinch stimulus applied to the foot 
it responds by kick oi withdiawal of foot The 
electrical stimulus elicits a musculai twitch, 
lespiratoiy gasp, and jump It can execute the 
scratch leflex spontaneously oi when stimu- 
lated m the facial region Although muscular 
weakness is evident the patterns of lesponse 
show good cooidmation (Aveiy, 1928 ) 

The sensory control of behavior, this in- 
vestigator points out, has also progressed to a 
lemarkable degree Lid and pupillaiy reflexes 
are present The newborn animal avoids ob- 
jects without touching them as it moves about 
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The ears aie functional, and total bodily move- 
ments and pinna twitches are elicited by ap- 
propriate auditoiy stimulation Needle pricks 
and heated objects lead to quick lesponse 
Olfactory stimuli evoke movement of the head 
The complex movements of swallowing are 
well developed So far as more integrated be- 
havior is concerned, Aveiy lepoits that the 
young run togethei when separated from each 
other and lun to the mothei when sepaiated 
fiom hei Somewhat similar observations were 
also made by Preyer (1882) The young lick 
themselves, swim when placed in deep watei, 
chew shavings, and attempt to disengage a 
foot held by an observer No retieat responses 
weie noticed when young guinea pigs weie 
placed with an adult white lat The prenatal 
development of behavior of this Minerva-like 
organism is therefore peculiarly interesting 
because it is such a complete stoiy 

A very s woik on pienatal development must 
be stuctly evaluated, however, in tenns of 
the lather special conditions which he em- 
ployed in his expei imental study Abandoning 
the techniques used by some of the earlier 
investigators m mammalian behavioial devel- 
opment, Avery removed from the mothei each 
fetus that he studied He thus, of course, m- 
teicepted placental circulation and therefore 
bi ought about all the changes which have 
been found to result from oxygen depnvation 
and an increasing concentiation of metabolites 
m the fetal blood stream He often worked 
with dying fetuses Thus his woik is strictly 
comparable to most of the woik on human 
fetuses reviewed below Observations were 
most often made on a laige metal tiay placed 
on a well-lighted observation table “An elec- 
tric heater, leflector type, was placed neaiby 
It seived to dry the young and to keep them 
warm A temperatuie of 98° F was main- 
tained on the observation table” (Aveiy, 1928) 
This technique provided that, so fai as early 
embryos were concerned, they weie studied 
not only without normal lespnation but in 
what was appaiently a continually drying con- 
dition 

Avery also consideied the question of 
whether or not there is a distinction between 
the responses of fetuses taken from young and 
old mothers, He came to the conclusion that 
there is no significant difference m the ma- 
turity of response elicited from the fetuses of 
young and fully adult mothei s This conclu- 


sion is unlike that of King (1915) and of An- 
gulo y Gonzalez (1932b) m legal d to the 
white rat, in which vanous paiental condi- 
tions weie found to influence fetal develop- 
ment 

By the use of X-rays Aveiy also ingeniously 
studied the orientation of the fetuses in the 
uterus of the guinea pig This study convinced 
him that giavitation is apparently not very 
significant in detei mining rapid changes in 
the ouentation of the fetus in the uterus He 
concludes “The shifts of the foetuses m uteio 
aie inadequate to> explain then activity aftei 
expei imental delivery ” As a final conclusion 
to his study Aveiy says “These results sub- 
stantiate the belief that ceitam congenital re- 
sponse mechanisms exist m foetal and new- 
born guinea pigs Some of these aie subject to 
early modification through experience” Foi 
an interesting early study m this field, see 
Viiey (1833) 

Carmichael (1934a) studied a laige num- 
ber of fetal guinea pigs in a senes of experi- 
ments m which as many factors as possible 
were controlled This study involved moie 
than 2 years of work and the typing of moie 
than 2000 pages of protocols dictated at the 
time of the experiments In most cases motion- 
picture lecoids of behavior weie also made 
The appaiatus used as shown in Fig 6 A 
summary of results follows 

1 Heaitbeat was the only activity observ- 
able m the youngest fetuses studied m this 
investigation 

2 Before any behavior was obseived the 
skeletal muscles of the still immobile fetus 
could be made to lespond by dnect electncal 
stimulation 

3 In a 28-day fetus behavior involving 
skeletal muscles response without electrical 
stimulation was observed 

4 The first “spontaneous” movement ob- 
seived was a lateral flexion of the neck and a 
synchionous and possibly independent move- 
ment of the forelimbs 

5 The fust sensory area from which be- 
havior was released in the piesent study was 

the concha of the ear 

6 In geneial, responses at every stage are 
a function of what weie called (a) modes 
of stimulation and (b) variable conditions of 
the organism 

7 The fiist stimulus-released response noted 
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Fig. 6. Photograph of apparatus. (1) Constant-temperature tank in which is inserted a tray filled 
with physiological saline solution. Maternal animal is held in this bath by suitable supports and fetal 
organisms are then exposed for study. (2) Holder and graded series of esthesiometers. (3) Electri- 
cally driven motion-picture camera for recording. (4) Reflectors for two 1000-watt lamps used to 
illuminate the field. (5) Foot-operated switch to start and stop the recording motion-picture cam- 
era. (From Carmichael and Smith, 1939). 


in the study may be characterized, at its first 
appearance, as a pattern of behavior, which 
involves a relationship between neck flexion 
and forelimb movement. 

8. Many of the points indicated . . , when 
stimulated, release behavior from the first 
which in spite of very great variability could 
always be considered as a special “pattern of 
behavior.” 

9. Each behavior pattern released by the 
stimulation of a particular area may be said 
to undergo a series of changes during fetal 
life. 

10. Photic stimulation of the eye may lead 
to motor responses of the limbs, etc., before 
the eyes are normally open in the fetus, when 
such stimulation is made possible by an op- 
erative exposure of the eye. 

11. Auditory stimuli released behavior in a 
63-day fetus after the liquid had been re- 
moved from the external meatus. 


12. Needle stimulation (“pain stimuli”) in 
general released responses which were quite 
comparable to responses released by pressure 
stimuli rather than to the vigorous responses 
characteristic of the adult animal when sub- 
jected to pain stimulation. 

13. Temperature stimuli well above and 
well below the temperature of the fetus, when 
applied to the skin, release behavior. 

14. In late fetuses compensatory movements 
during rotation and in the immediate post- 
rotational period were demonstrated. 

15. There is evidence that in late fetal life 
higher brain centers influence responses which 
are characteristically called “spinal reflexes.” 

16. As development progresses, the amount 
of “motor diffusion resulting from specific re- 
ceptor stimulation” decreases, at least in cer- 
tain areas and under certain stimulus condi- 
tions. 

17. The study does not confirm in detail 
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the specific laws of development, alleging 
that development is in all respects cephalo- 
caudal, proximo-distal, or from “fundamental” 
to “accessory” muscles. 

18. It is possible to view most of the typi- 
cal patterns of behavior released by the stim- 
ulation of given areas as capable of securing 
some end or ends, which during fetal life it- 
self or during subsequent independent life 
may serve adaptive needs of the organism. 

19. The present study does not give un- 
qualified support to any of the more general 
theories of the development of behavior, such 
as those summarized by the words “individ- 
uation” or “integration.” 

After this general study it became apparent 
that a more detailed study of certain aspects 
of fetal behavior in the guinea pig was im- 
portant. Bridgman and Carmichael (1935) 
studied 47 fetal litters at just about the time 
that behavior first begins. As a result of this 
study the following conclusions were drawn: 

1. Prior to the onset of behavior in the fetal 
guinea-pig, myogenic contractions can be elic- 
ited from certain muscles. That these early 
responses are truly myogenic, and not sen- 
sory-motor responses, there is little doubt, be- 
cause of their character, particularly as com- 
pared to later movements. 

2. Active behavior in the fetal guinea pig 
begins in the last hours of the twenty-fifth 
day. Previous observers had placed the onset 
at least 1 day later than this, 

3. True behavior, that is, response that re- 
sults from stimulation, and which is secondar- 
ily induced by nervous discharge, can be elic- 
ited 10 to 14 hours before “spontaneous” 
behavior appears. These stimulated responses 
are of a sufficiently different character from 
the earlier myogenic contractions to be classi- 
fied as active; i.e., involving neural activity. 

4. The first active responses of the fetal 
guinea pig are definite in character, and in- 
volve movements of the head, brought about 
by contraction of the neck muscles, and of 
the fore leg. The evidence is as yet inconclu- 
sive concerning which of these components 
arises first. 

5. It is seen that, from the earliest period, 
the neck and limb responses occur sometimes 
together, and sometimes independently, and 
that throughout the developmental period 


studied, independent elements of behavior are 
present at all times. That is, no gradual pro- 
gressive “individuation” of the specific re- 
sponses out of a total pattern is seen. 

6. Because of the simple and specific na- 
ture of much of the earliest behavior of the 
fetal guinea pig, it is thought that these re- 
sponses may advantageously be described as 
reflexes. Moreover, no need to use such words 
as “generalized,” “totally integrated,” or “non- 
specific” in the description of this behavior 
has arisen. 


The development of temperature sensitiv- 
ity in the fetal guinea pig has been studied 
by Carmichael and Lehner (1937). The re- 
sults of this study are summarized in Fig. 7. 
This figure shows that in fetuses of all ages 
there is an increase in released behavior as 
stimuli (drops of water) are used which are 
either warmer or cooler than the physiological 
zero (about 37.5° C.) of the organism. The 
conclusions of this study may be summarized 
in the following statements: 


1. Temperature stimuli . . . are effective in 
releasing responses during most of the motile 
fetal period of the guinea pig. 

2. At each of three fetal development 
periods, as these periods were established for 
the purposes of this study — young, mid, and 
old — the greater the difference between the 
temperature of the stimulus and the physio- 
logical zero of the organism, the greater the 
relative number of responses released by that 
stimulus. 

3. At the youngest ages studied, there ap- 
pears to be a slight tendency for cold stimuli 
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Fig. 7. Response of guinea pig fetuses to ther- 
mal stimuli. ( From Carmichael and Lehner, 1937. ) 
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to be relatively more effective than warm 
stimuli if certain assumptions of equality are 
made concerning units of measurement. 

4. During the * young” period of fetal life, 
as defined above, there appears to be devel- 
opment of temperature sensitivity. Sensitivity 
is greater, that is, in the mid period studied 
than in the initial period. There is no corre- 
sponding increase during the other periods 
studied. In the last period, the growth of the 
insulating hair coat unquestionably modifies 
the effectiveness of the stimuli as applied in 
this investigation. 

5. There is no great change in the percent- 
age of specific and general responses released 
by the stimuli used at any of the three periods 
studied, nor does the effective intensity of 
stimulation (as measured by the greater de- 
gree of difference from physiological zero) 
change in a definite manner as development 
progresses in its efficacy in releasing either 
general or specific responses. There is a slight 
preponderance of specific over general re- 
sponses, as these two words are defined in 
this paper in each period, but this finding can 
hardly be considered as statistically significant. 

6. There is some shift in the relative sen- 
sitivity of the six areas stimulated during fetal 
development. These data may be considered 
as supporting the generalization made by pre- 
vious investigators that the development of 
sensitivity spreads from the cephalic to the 
caudal regions of the body and from the prox- 



Fig. 8. Typical reflexogenous zones. ( 1 ) Mid- 
point of the vibrissae pad on the snout. (2) Inner 
surface of the vestibule of one external naris (nos- 
tril). (3) Midpoint of the upper eyelid. (4) 
Midpoint of the lower eyelid. (5) Midpoint of 
the concha of the ear. (6) Skin over the shoulder 
joint of the pectoral girdle. ( 7 ) Skin over the hip 
bone joint of the pelvic girdle. (8) Anus. (9) 
Point in medial plantar surface of one hindpaw. 
(10) Point in medial palmar surface of one fore- 
paw, (From Carmichael and Smith, 1939. ) 



Fig. 9. Percentage of responses at each fetal 
age group studied. (Normal gestation period is 68 
days.) (From Carmichael and Smith, 1939.) 

Group 33-36 days 

Total responses 275 Light 36.5% Heavy 63.5% 
Group 41-42, days 

Total responses 585 Light 37.5% Heavy 62.5% 
Group 45-47 days 

Total responses 616 Light 33.6% Pleavy 66.4% 
Group 50-51 days 

Total responses 730 Light 88.4% Heavy 61.6% 
Group 55-56 days 

Total responses 468 Light 39.7% Heavy 60.3% 
Group 61-62 days 

Total responses 536 Light 35.4% Heavy 64.6% 


imal to the distal region of limbs. 

Bonardi (1946) has also made observations 
on the stimulation of the nose with cold and 
hot water at various fetal ages. At the tem- 
peratures used cold water was more effective 
than hot water in releasing behavior. 

Hooker (1944) and other investigators have 
emphasized the importance of the use of quan- 
tified pressure stimuli in working upon fetal 
material. Carmichael and Smith (1939) at- 
tempted to study this question in detail. (See 
also Carmichael, 1937.) First they decided 
to use certain well-established reflexogenous 
zones as shown in Fig. 8. They then prepared 
a series of calibrated von Frey esthesiometers. 
In each case the lightest esthesiometer that 
would elicit a response was used, as well as 
one 7 to 9 points higher in the scale of es- 
thesiometers. The quantitative conclusions of 
this study are shown in Fig. 9. An example 
of the difference in response to the light and 
heavy stimuli is shown in Fig. 10. In sum- 
mary of this study it may be said that pressure 
stimuli are like temperature stimuli in the im- 
portance of intensity upon resulting response. 
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Fig. 10. Outline tracings from motion-picture film of two postures of 51-day guinea pig fetus, (a) 
Resting posture of the fetus as stimulated with light esthesiometer. Only response in this case was 
an eye wink, (b) One phase of movement elicited by a heavier esthesiometer. In this case, the entire 
trunk and all limbs are involved in the reaction. Note the precise localization of the stimulated spot 
by the forepaw. ( From Carmichael and Smith, 1939. ) 


Moreover, the present results show that 
the same relative proportion of general and 
specific responses seems to be released at all of 
the typical fetal ages studied. This finding adds 
further confirmation to the view that specific 
responses are early developed in fetal life. 
Thus it becomes more than ever clear that 
the widely accepted formula that all specific 
behavior develops from the individuation of 
previously more general patterns of behavior 
needs revision. Such revision can come only 
from continued study of fetal behavior as re- 
leased by stimuli of quantitatively known char- 
acter (Carmichael and Smith, 1939). 

Jasper, Bridgman, and Carmichael (1937) 
have studied the electrical brain potentials of 
the fetal guinea pig. The conclusions are: 

1. The brain potentials of the guinea pig 
first appear when the age of 48-56 days of 
gestation has been attained. 

2. No quantitative ontogenetic trend in the 
characteristic frequency of potential variation, 
nor in the total range of frequencies, has been 
discovered. The appearance of secondary 
groupings of characteristic frequencies is found 
more often as age increases. 

3. The average amplitude of the character- 
istic frequencies at any age shows an irregular 
yet definite increase with age. 

4. Definite though not invariable effects of 
stimulation on the character of the cortical 
electrogram have been noted, occurring as 
early as the 60th day of gestation. 

5. The guinea pig brain first exhibits elec- 
trical activity at a time when behavioral in- 
dications also point to maturation of higher 
nervous centers. 


In connection with this study it was noted 
that tying off the umbilical cord abolished 
most cortical activity but did not for some 
time abolish the lower reflexes of the fetus. 

In another study using high-gain electrical 
amplification of bioelectric phenomena in the 
fetal guinea pig, Rawdon-Smith, Carmichael, 
and Wellman (1938) have demonstrated that 
the cochlear electrical response (the so-called 
Weaver-Bray effect) is present in a guinea 
pig fetus of 52 post insemination days. The 
electrical response secured at 52 days had a 
peak voltage of 1 to 2 microvolts to a stimu- 
lus of 600 cycles per second at an intensity of 
100 decibels above human threshold. Declin- 
ing responses were noted to tones below this 
and above 2000 cycles per second. The rise 
in electrical output was rapid as development 
progressed, for by 62 days 100 microvolts 
was recorded. It is interesting to note that the 
time of onset of the electrical response of the 
fetal ear — 52 days - — is exactly the same time 
at which the first overt behavior released by 
auditory stimuli can be observed in the fetal 
guinea pig. 

Of all rodents, however, not the guinea pig 
but the white rat seems to be the most gen- 
erally studied laboratory mammal. It is not 
surprising, therefore, that in recent years an 
increasing amount of attention has been given 
to the prenatal development of behavior in 
this convenient organism. One of the most 
elaborate studies of this sort is reported in an 
unpublished thesis by Swenson (1926) and 
in several other papers by Swenson (1925, 
1928b, 1929). 

Swensons observation began with fetuses 
showing absolutely no movement save heart- 
beat and continued at convenient stages to 



478 LEONARD CARMICHAEL 


birth It is difficult to geneialize about any 
such developmental sequence because the 
omission of any of the details of the onset of 
behavior is likely to give a prejudiced picture 
of the total process It is possible m review 
here, howevei, to give a few of the salient 
points of the giowth of behavior m the lat 
as found by Swenson The fii st movement 
noticed was a slight lateral bending of the 
head This same movement, differently inter- 
preted, may be characterized as a slight ceph- 
alic tiunk-bendmg movement From this 
early action to the pi ease adaptive movements 
of tongue and paws m late fetuses, there is 
found a continuous quantitative and qualita- 
tive change m the movements as observed m 
litters of mci easing gestation age 

Angulo y Gonzdlez (see lefeiences in bibli- 
ography), also associated with Coghill, has 
published some very impoitant studies of the 
development of behavior in the fetal albino 
rat He used much the same technique as 
Swenson m opeiating on the mothei rat and 
m preparing the fetal material for observation 
He selected his material with unusual caie 
Of the 643 fetuses used in one study, all 
came from healthy female rats of known 
stock 110 to 190 days of age, his pievious 
work having indicated that these precautions 
were necessary m order to obtain scientifi- 
cally comparable results at vanous gestation 
ages In his work moving-picture records 
were taken to supplement the written proto- 
cols Angulo y Gonzdlez m his experimental 
report gives the percentages of fetuses show- 
ing each movement at each age For these 
detailed conclusions the reader is advised to 
consult the oiigmal papers (1929a, 1930b, 
1932a, 1939), This same author, after using 
the drug curare, which alters the physiologi- 
cal relationship of motor nerves and muscles, 
was able to stimulate muscles directly m 
young fetuses This indicates that the first 
responses of the lat fetus may be purely 
myogenic 

It is interesting to note that both Swenson 
and Angulo y Gonzdlez independently first 
observed movement m the rat fetus m the 
three hundred and seventy-eighth hour after 
insemination Angulo v Gonzdlez' general 
description of the developmental process, 
particularly so far as the process of “individu- 
ation” of behavior is concerned, may best be 
given in his own words 


During the early stages of development 
the appendages move only with the trunk 
Thus, upon stimulation of the snout the re- 
action more fiequently obtained is a total 
mass reaction which involves the trunk and 
appendages This total mass reaction we 
called a total pattern This total-pattern re- 
action consists of a pnmary oi basic move- 
ment, lateral flexion of the trunk, and a series 
of secondary movements Similarly, there de- 
velops latei a total pattern consisting of a 
basic movement of head extension and a 
series of secondary movements The basic 
movements, during the early period of be- 
havioral development, assert their soveieignty 
upon the secondary movements During the 
later peiiod of the development of fetal be- 
havior, we find a number of specific leflexes 
showing what at first seems to be a breaking 
up of the total patterns into individual and 
specific reflexes But close study has con- 
vinced me that the process by means of which 
the individuation and specificity of certain 
reflexes is attained is not a disintegration or 
breaking up of the established pattern, but, 
rather, is due to an inhibitory action by 
means of which the pnmary or basic move- 
ments are in a large measure arrested In 
other words, the total-pattern reaction is 
never abolished completely, nor is the domi- 
nance of the primary over the secondary 
movements lost (1932a) 

This same investigator (1933a) has sug- 
gested that there are three phases m the 
development of somatic activity in albino rat 
fetuses (I) a myogenic phase m which be- 
havior can be elicited only by direct muscle 
stimulation, (2) a neuromotor stage m which 
internal stimuli acting upon the nervous sys- 
tem initiate behavior, (3) a sensory-motor 
phase in which tiue reflex action begins 

Angulo y Gonzdlez (1934a) has also 
shown that the dissolution of the behav- 
ioral systems of the fetal rat is in inverse 
order to its evolution, which is m general 
cephalocaudal and proximodistal The rela- 
tionship of this observation to Hughlmgs 
Jackson's generalizations (1884) should be 
noted Angulo y Gonzdlez (1934b, 1939, 
1940) has studied m detail the change m 
neural mechanisms which are correlated with 
behavioral development 

Besides these studies of the whole develop- 
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mental sequence in the lat there have been 
a number of investigations devoted to cei- 
tam aspects of the growth of the activity of 
the response mechanism m the rat Lane 
(1917) has studied the development of the 
correlation between structure and function 
of the special senses m the white rat His 
method of piepaung fetal matenal con- 
sisted of killing the pregnant mothei and 
studying the excised fetuses m a warm 
chamber This method is open to the limi- 
tations pointed out m the evaluation of 
Avery's work given above During the ob- 
servation period the fetus was bathed m a 
warm physiological salt solution 

Lane's (1917) observations on the de- 
velopment of the senses in the white lat may 
be summarized as follows 

Touch He found no evidence of this sense 
m 7j^-mm embryos, which aie generally 
agieed to be immobile Nemologically, at 
this stage he found both sensory and motor 
fibers developed The sensory fibeis, howevei, 
had not as yet reached the periphery In 16- 
mm embryos, that is, in organisms approxi- 
mately 17 gestation days old, the tactual 
sense is reported as piesent on the flanks and 
snout, as evidenced by motor response to 
needle pucks Lane reports no response to 
stimulation with a sable brush at this time 
This is contiary to the findings of all subse- 
quent investigators and is probably a func- 
tion of the special condition of the embryos 
used In 23- to 28-mm embryos, that is, em- 
bryos appioximately 19 to 20 gestation days 
old, he reports response to stimulation with a 
fine sable brush as well as with a needle 
prick The snout region is most sensitive, al- 
though stimulation about the shoulder, upper 
aim, hip, rump, and thighs also evokes motor 
responses He leports that there is a notice- 
able increase m the number of vibnssae as 
well as a greater complexity m the neural 
fiber basket of the vibnssae follicle In very 
late fetuses and newborn rats a still better 
development of the tactual sense is found, re- 
sponses being elicited by stimulation of any 
point on the entire body, including the tail 
Fain as the result of needle stimulation is at 
this peuod shown by squeaks The fibnllae 
baskets m the vibnssae follicles are now 
elongated cyllndeis, from the base of which 
neural fibrils m comparatively large bundles 
are seen to emerge, distad to the base of the 


follicle itself In later stages there is no 
particular advance noted m tactual sensi- 
tivity, although the snout legion continues 
to be supenoi to the rest of the surface m 
sensitivity 

Equilibrium In legard to this sense, this 
investigator found in 7j4-mm embryos that 
stimulation leads to no behavioi al trace what- 
soever Histologically, he leports the semi- 
circular canals to be as yet undeveloped In 
the 16-mm embryo Lane again found no 
experimental evidence of the sense of equilib- 
rium, although the semicircular canals aie 
now well developed In 23- to 28-mm em- 
bryos, Lane still finds no experimental evi- 
dence of a sense of equilibnum Histologi- 
cally, the differentiation of the cells of the 
cristae is at this time further advanced than 
m the previous stage, although the sensory 
and supporting elements aie not yet distin- 
guishable Slight indications of cential con- 
nection with the cerebium aie noted In a 
35-mm fetus the sense of equilibnum was 
first obseived, as seen m the lighting re- 
sponses of the oigamsm when m contact 
with a suiface Structurally, the semicucular 
canals are now vntually complete On the fust 
day after birth, however, the righting re- 
sponses were bettei developed, as weie the 
histological and neural connections seen m 
the semicircular canals In later stages theie 
was manifested a greatei perfection of the 
sense of equilibrium accompanying an in- 
creasing power of coordinated movement 
Lane makes no reference to the part possibly 
played by neck propnoceptors or by other 
receptor fields m determining these righting 
responses, nor is any reference made to the 
analysis of postural reactions suggested by 
the school of Magnus, which will be referred 
to later 

Smell Lane reports no satisfactory method 
of smell stimulation m lat embiyos from T l /% 
to 28 mm in length Histologically, he says 
"During these stages the olfactory apparatus 
is being gradually laid down, both as regards 
its sensory and penpheial portions The his- 
tological differentiation of the olfactory epi- 
thelium has not advanced sufficiently far to 
enable the sensory cells proper to be identi- 
fied " Using a brush placed m an odoriferous 
substance, Lane obtained no certain response 
to olfactory stimuli m 35-mm fetuses Histo- 
logical development, however, is noted as 
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continuing Smalls work (1899) on smell in 
the newborn rat is quoted, and the state- 
ment is made by Lane that “there is on the 
whole a gradual peifectmg of the olfactory 
sense from day to day” No experimental 
proof is given of this statement, and it is 
hard to understand its basis m view of the 
difficulty reported by Liggett (1928) in 
dealing with this sense m the white rat 

Taste In this sense, Lane reports that the 
35-mm fetuses were able to swallow, but 
neither m these nor m those of any preced- 
ing stage were any true evidences of a sense 
of taste discovered At no time pievious to 
birth could taste buds or other fully differen- 
tiated organs of taste be demonstiated On 
the fust day after birth, however, he notes 
that sugar solutions were received with less 
objection than salt or acid solutions Lane 
again makes a generalized statement that m 
postnatal life this sense is gradually perfected, 
although no experimental evidence is given 
to support the view 

Hearing Here Lane leports that “abso- 
lutely no response to sound was noted be- 
fore the twelfth day after birth,” and that 
“from that day to the sixteenth or seventeenth 
day there is a gradual mciease m the ability 
to perceive sound ” No evidence is given for 
this conclusion m the monograph, howevei, 
save that change is inferred from structure 
In his conclusions he says 

Previous to the twelfth day the portions 
of the ear concerned with the perception 
of sound have been undergoing a gradual 
development, but have not yet reached that 
degree of differentiation of the organ of 
Corti necessary for the perception of sound 
By the twelfth or thirteenth day the organ 
of Corti is apparently diffeientiated for at 
least part of its extent, though the lumen 
of the external auditory meatus is not fully 
opened The next few days witness the com- 
pletion of the differentiation of the apparatus 
of hearing 

For a study of the early growth of the 
inner ear of the rat, see Wada (1923) 

No better example of cross-species com- 
parison can be given than a consideration 
of the late development of healing m the rat 
and fetal hearing in the guinea pig as de- 
scribed above The prenatal development of 


this sense in the guinea pig and the very 
similar postnatal development m the lat illus- 
trate how important timing is in develop- 
mental processes which are almost certainly 
m a basic way genetically determined 
Vision As far as this sense is concerned, 
the report of Lane is “Absolutely no re- 
sponse to light was obtained before the 
opening of the eyes on the sixteenth or seven- 
teenth postnatal day” This was determined 
by the use of an electric flashlight The ob- 
jection may be laised, on the basis of a good 
deal of other experimental work, that this 
stimulus was possibly not strong enough to 
bring about response No lecoid is given of 
the pupillary response which might have 
been obtained had the eyelids been opened 
by operation Histological evidence, however, 
is given to suggest that there is a neural and 
leceptor development paralleling the reported 
functional development 

From the leport just given of Lane’s work, 
as well as from the incidental observations 
in the work of Swenson and Angulo y Gon- 
zdlez, it becomes obvious that, of all the 
sensory fields m the white rat, that of skm 
sensitivity is apparently earliest and most 
completely developed during prenatal life 
The development of this sense m the fetal 
rat was quite extensively investigated by 
Raney, working with the writer (Raney and 
Carmichael, 1934) In this work the pregnant 
female was deeply anesthetized and the 
spinal cord completely transected between 
the sixth and seventh cervical vertebrae The 
lesult of this operation was to provide an ef- 
fectively immobilized and, so far as the field 
of the operation is concerned, a completely 
desensitized adult organism m which, how- 
evei, circulation and lespiration continue m 
a virtually normal condition Aftei a period 
of 1J4 to 2 horns, the fetuses were shelled out, 
with placental cuculation maintained, into 
physiological salt solution held at 37 5° C 
by theimostatic control Raney and Car- 
michael's work was conducted not only m an 
effort to study the effect of change of skm 
sensitivity at various fetal developmental 
ages, but also to consider the origin of what 
may be called ‘local sign ” at least insofar 
as such local sign may be demonstrated m 
the progress of localizing movements of the 
limbs of the fetus resulting from punctiform 
stimulation 
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Klemm (1914), an his histoiy of space 
perception, lefened to the development of 
the view that space is peiceived in relation 
to body movement James (1890, Vol II) 
also considered the factors leading to this 
view, and Petei son’s experimental woik 
(1926) on local signs as orientation tenden- 
cies again emphasized this conception Raney 
and Carmichael’s woik shows that with in- 
creasing gestation age the fetus first becomes 
sensitive to areal stimulation, as, for example, 
to stimulation with a camel’s-hair brush ap- 
proximately 5 mm m diameter Response to 
punctiform stimulation by a single light han 
is observed to begin some time later The first 
appeal ance of sensitivity is m the head region 
and is obseived to pass giadually caudad 
(that is, towaid the tail) The fiist lesponses 
to stimulation aie slight movements of the 
trunk occuinng during the sixteenth day, 
as noted by previous investigators, As de- 
velopment continues, stimulation at any sen- 
sitive point may elicit much more compli- 
cated behavior, often involving neck, trunk, 
fmelimb, hindlimb, and other muscle move- 
ments The peculiar sensitivity to tactual 
stimulation of the legion from which the 
vibrissae issue is noted throughout this de- 
velopmental sequence The early function of 
this tactual oigan, as it may be called, is 
particularly interesting in le ference to the 
full innervation of this area as shown by 
Lane and m the behavioral observations on 
the function of the vibrissae in young rats 
by Small (1899), and especially in the special 
study of this leceptor field by Vincent 
( 19 12) 

Raney and Caimichael (1934) have found, 
however, where the mechanical possibility 
of movement is present, that is, where the 
limb may touch the surface, that the re- 
sponses may gradually become more and 
more precisely related to the point of stimu- 
lation Thus at an early gestation age stimula- 
tion of the region of the vibussae may lead 
to slight trunk movements Later such stimu- 
lation may lead to the movement of many 
muscle groups of the fetus, including the 
limbs, At a still later time, the principal re- 
sponse may be meiely the forepaw moved 
evei so slightly toward the point stimulated 
If the point touched is on the body wall, the 
movement may be toward that point If it is 
on the nose, it may be toward that point. It 


must be noted, howevei, that, even at the 
best time for such differentiated lesponse in 
late gestation periods, the stimulation of any 
point may also bring out very general activity 
It is possible that such generalized response 
is due to mterruption of some “spontane- 
ous” movement, or that it is related to the 
strength of stimulation The frequency of 
stimulation or the immediate past activity 
of the organism may also be important in 
mducing such activity The significance of 
intensity of stimulation m this connection m 
the guinea pig fetus has been explamed 
This is not the place for a full consideration 
of the theoretical implications of Raney and 
Carmichaels study as it bears on space pei- 
ception, but the results suggest a certain 
reformulation of one form of a modified ge- 
netic theory of the perception of extension as 
considered by Boring (1929) 

To return now to experimental fetal stud- 
ies, Lincoln (1932), also working in collabo- 
ration with Carmichael, was able to show m 
the rat fetus something of the elaborate 
sensory and behavioial sequences which are 
antecedent to the sucking reflex as that 
leflex is seen at bnth The report of this 
investigation is recorded m library copies 
of a thesis (See also Carmichael, 1934a ) 
This work is especially interesting m rela- 
tion to Lane’s work on the correlation be- 
tween structure and function in the nursing 
reflex of the young rat and guinea pig In 
Lane’s work (1924) special attention is given 
to the development of the tongue both as a 
locus of taste receptors and as a prehensile 
organ Further leferences to the sucking re- 
flex are given below 

Angulo y Gonz&lez (1937) has shown 
that the sensory system follows the motor 
system in development The earliest func- 
tional sensory endings develop m the legion 
of the snout as tactile receptors The recep- 
tors in the forelimbs, for example, are later 
m development than those in the snout 
The total arc connections seem to be formed 
by the growth of collateial fibeis which es- 
tablish functional connections after the sen- 
sory and motor systems are complete The 
study of fetal behavior and of the functions 
of the fetal sense organs is important in an 
understanding of perception, as indicated 
latei 

Wmdle (1934b) has demonstiated that 
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all the spinal reflex aics aie present at 11 
mm but they aie incomplete because sen- 
sory collateials are just beginning to enter 
the mantle layer of the spinal cord The 
main diffeience between the nervous sys- 
tem of motile and nonmotile fetuses lies m 
the number and length of these elements 
This same investigate (1944) m an excellent 
synthesizing aiticle has emphasized that a 
close con elation can be demonstrated be- 
tween the time of appearance of leflexes and 
the anatomical completion of the neural 
mechanism on which these responses de- 
pend 

Besides the special studies noted above, 
theie have been a number of other investi- 
gations dealing with particulai muscle gioups 
or special behavioral characteristics of the 
white lat fetus Coiey (1931) has studied 
the causative factors of the initial mspnation 
of mammalian fetuses, using the white rat as 
matenal In this study it is concluded that the 
initial lespiration of the fetus is normally 
brought about by a change m the relationship 
between carbon dioxide and oxygen in the 
blood m cooperation with the stimulating 
effect of the drying of the skin Bhncoe 
(1928a, 1928b) has woiked on the develop- 
ment of behavioi m the motor system of the 
forelimb of the rat He has elaborately stud- 
ied the anatomy of the limb before the fif- 
teenth day, that is, just befoie the onset of 
motility An effort has also been made to 
present a correlation between this stage of 
development m the lat and m man In the 
latei study he points out that it seems that 
the arm of the rat shows “the static assem- 
bling of many bodily components which 
await some complementary addition to len- 
der them a dynamic whole” (1928b) It is 
suggested that this addition is to be found 
in functional innervation In this connection 
see also a paper by Barron (1934) on the 
results of his experiments on the peripheral 
anastomoses between the forelimb and hind- 
limb nerves of albino rats 

Also working with the rat fetus, Windle, 
Minear, Austin, and Orr (1935) have shown 
that physiological muscular development may 
be summarized m the course which it takes 
In general this development proceeds from 
the head to the tail region and distad and 
ventrad from the dorsal part of the trunk 
(See also Windle and Baxter, 1935, 1936 ) 


Bors (1925), Nicholas (1925, 1926, 

1929c), Hooker and Nicholas (1927, 1930), 
Nicholas and Hooker (1928), and others 
have performed experimental operations on 
rat fetuses Following a very elaborate tech- 
nique, these students have been able to 
opei ate on mammalian fetuses without in- 
terrupting pregnancy In the course of this 
work they have made a number of incidental 
observations on the development of motility, 
and Hookei and Nicholas (1930) particularly 
have pointed out the fact that dui mg intrau- 
terine existence “movements aie lestncted to 
a large degree and there is also a greater 
degree of independence of the individual 
cord segments than is found m latei postnatal 
stages ” These observations are significant, 
for they were made under conditions more 
nearly appioachmg those of normal develop- 
ment than any other studies of the develop- 
ment of mammals 

Straus and Weddell (1940) have shown 
that the earliest visible contractions of the 
foielimb muscles of the rat appear during 
the latter half of the fifteenth or the first 
half of the sixteenth postinsemmation day 
The extensor muscles are more readily stimu- 
lated than the flexor muscles, and if a nerve 
trunk can be stimulated the response is 
greater than if the muscle must be directly 
stimulated (See also Straus, 1939 ) 

Corey (1934) has shown that m the fetal 
rat the cortex is not extensively involved in 
the production of fetal movements Becker, 
King, Marsh, and Vieick (1964) have stud- 
ied the respiratorylike movements of the 
fetus of the rat and guinea pig They ques- 
tion whether or not such movements are 
normal or seen only m fetuses experimentally 
depnved of oxygen (See also Vieick, King, 
and Ferm, 1966 ) 

A number of studies of special aspects 
of the development of behavior have been 
made on the rabbit, a few of these have 
been referred to eaiher Preyei (1885) made 
some observations on fetal organisms of this 
type Langworthy (1926) has worked on 
progression m very young rabbits He points 
out that m such animals decerebration does 
not lead to extensor rigidity but to prolonged 
progression movements In the more mature 
newborn guinea pig, however, rigidity fol- 
lows decerebration This difference is at- 
tributed to the degree of myelinization m 
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the central nervous system The importance 
of myehnization, or the foimation of the 
myelin sheaths, on neurons is discussed be- 
low Zuntz (1877) also used the rabbit fetus 
m his woik on respnation Richter (1925) 
has observed sucking movements in rabbit 
fetuses about 20 days old Pankiatz (1930, 
1931b) has adapted Swenson's technique to 
the study of the labbit Mechanical stimula- 
tion of nose, head, and neck led to response 
of simple lateral flexion of neck and trunk 
in 15- to 16-day labbit fetuses In a 17-day 
fetus there was a marked ventiolateral flexion 
of head and upper trunk, with some move- 
ment of the forelimbs In 20-day-old fetuses, 
opening and closing of the mouth, active 
movements of the forelimbs, flexion of the 
hmdlimbs, and lateral flexion of the whole 
trunk were observed As the gestation penod 
advanced the movements became more com- 
plex 

Thyioid may be necessary for normal de- 
velopment of the mammalian brain m utero 
In a study using 160 labbits, the clearest 
effects on the weight of the body and bram 
were seen after birth but thryoid treatment 
had some influence during fetal life (Cuaron, 
Gamble, Myant, and Osorio, 1963) 

The cat has proved itself to be an emi- 
nently suitable animal for the laboratory 
study of the development of fetal behavior 
Its neuromuscular system is quite highly 
organized Its gestation age of over 60 days 
allows foi the development of an oigamsm 
at birth that is relatively matuie Much is 
also known as a result of past research con- 
cerning its structural development (Hill and 
Tube, 1924, Latimer, 1931, Latimer and 
Aikman, 1931), anatomy, and certain of its 
adult behavioial characteristics, such as the 
righting response (Camis, 1930) These fac- 
tors combine to make the animal peculiarly 
satisfactory for research upon the develop- 
ment of fetal behavior The general pur- 
poses of this chapter, therefore, demand a 
lather complete summary of the investiga- 
tions of fetal behavior in the cat 

Windle and Griffin (1931) reported a 
study in which a large number of cat fetuses 
of precisely known or accurately estimated 
gestation age were experimentally studied 
The technique employed by these investiga- 
tes involved an operation on the bram of 
the mother cat such that later, without anes- 


thesia, it was possible to study the fetal 
oiganisms under warm physiological salt solu- 
tion with fully maintained placental circula- 
tion The methods of studying the fetuses 
varied moie oi less according to age In all, 
34 pregnant cats were used, giving 125 liv- 
ing embryos and fetuses for study Of the 
litters of the 34 cats thus employed, 19 were 
of known age since copulation The ages of 
the other fetuses weie calculated from their 
body measurements, a procedure that is not 
in all respects satisfactory 

These investigators reported that no move- 
ment was seen m the 23-day stage or on 
any day previous to that In later studies, 
however, it was established that movement 
does take place on the twenty- tim'd day 
(Wmdle and Becker, 1940a) In the 24- and 
25-day stage, what the reader may now be- 
gin to consider as the characteristic response 
of young fetuses, namely, the very slightest 
slow ventral lateral head flexion, was ob- 
served in a number of embryos This was also 
independently confirmed by Windle ( 1930a) 
The earliest limb reflexes are well-localized 
movements occurring on the side of stimu- 
lation at the twenty-fourth day (Wmdle, 
1934a) In the 26- to 27-day stage, move- 
ments were m general more complex and 
of greater amplitude or duration and strength 
than those noted previously Generalized 
trunk undulations, however, still foimed the 
permanent background of activity, but fore- 
Iirnb flexion had also begun The investiga- 
tors have pomted out that, at this stage, 
rotation of head and tiunk appears to be 
coordinated with older components, but that 
this activity lesults in movements which 
stnkingly resemble the righting reflexes seen 
m later fetal life At this stage the fetuses 
seem unresponsive to brush oi probe At 28 
days slight flexion of the hindlegs was 
noticed, and at this time also the first re- 
sponses to touch, particularly m the head re- 
gion, were observed Stimulation of this sort 
was followed by typical apparently ‘random” 
head-trunk-hmb undulations At 30 days the 
activity recorded was still more complex 
Active flexion of the hmdlimbs was noted, 
and at the same time definite, although 
sluggish, mouth movements appeared From 
this time until birth, continued and progres- 
sive increase m the specificity of behavior 
was noted by these observers 



484 LEONARD CARMICHAEL 


So far as the development of sensoiy 
capacity m these animals is concerned, it 
has already been noted that no external le- 
sponse to stimulation is found in fetuses 
of less than 26 mm, that is, of appioximately 
28 gestation days These investigates hold 
that there is evidence, however, of extero- 
ceptive and pioprioceptive function even m 
the first animals that show spontaneous move- 
ments “The fact that the unilateral trunk 
or neck flexions seemed always to be exe- 
cuted toward the observer and away fiom 
the suiface on which they rested may indi- 
cate that the earliest sensation is one of deep 
pressure” (Windle and Griffin, 1931) So 
fai as behavior at the 26-mm stage is con- 
cerned, it is held that the activity noted may 
be the result of a “primitive type of piopno- 
ception” This would explain the spiead of 
motoi response, although theie is some pos- 
sibility that the wavelike piogression of mus- 
culai conti action noted is due to the function 
of long association pathways m the central 
nervous system 

The first so-called cutaneous leflexogenous 
zone, that is, cutaneous area, m which stimu- 
lation can be shown to lead to response in- 
cluded the nose aieas and m general most 
of the head Pronounced response m the 
fetuses at 28 days followed stimulation of 
the nose Gradually, as fetuses of later ages 
weie consideied, the area spread cau dally to 
the neck, pectoral region, forehmbs, trunk, 
hmdhmbs, and finally to the tail Wmdle and 


Griffin point out “It is intei estmg to note 
that spontaneous motor activity always in- 
volved a part of the body before responses 
could be elicited either locally oi at a dis- 
tance from the point stimulated ” The 
strength of stimulation was also reported 
as significant m determining the nature of 
response Usually the light touch of a brush 
was found to be ineffective m specimens less 
than 60 mm long In a few fetuses a little 
longer than this a 1 espouse was secuied when 
the brush was applied to the nose It was 
noticed that a light stimulus which caused 
no response if once applied was sometimes 
adequate if repeated several times This ef- 
fect of summation of stimuli is noted m many 
fetal forms under a variety of conditions 
Very little diffeience could be observed be- 
tween strong innocuous stimulation and stim- 
ulation producing observable protoplasmic 
damage The authors believe that the pnmi- 
tive type of pressuie-touch sensitivity, which 
they postulate as the characteristic state of 
the receptor surface oi eaily fetuses, was not 
replaced by definite touch and pain until 
lelatively late in fetal life In fetuses of 75 
to 80 mm maiked differences between the 
lesponses to light and to stiong stimuli were 
obseived, and pain responses weie thought to 
be definitely present 

In the cat, vestibular function piobably 
appeals m prenatal life No absolute evidence 
of its presence is found until very shortly 
before birth It should be borne in mind m 



Fig II Apparatus used m the study of the development of the air-nghting reflex in small mam- 
mals (From Warkentm and Carmichael, 1939 ) 
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Fig 12 Diagrams of movement sequences during falling m a young rabbit at three different ages 
—10 days, 13 days, 20 days Not every frame is shown The frames represented are numbered at the 
left of each diagram, the numbering for each falling sequence beginning with “Frame 1” as the last 
frame before the jaws opened Since the film was photographed at the rate of 64 frames per second, 
and the exposure per frame was about 2 sigma, the time interval from one frame to the next was 
roughly 15 sigma All diagrams are drawn to the same scale, hence the animal is larger at the later 
ages because of normal gam and size and weight during the days represented (From Warkentm 
and Carmichael, 1939 ) 


all considerations of this sense in fetal life 
that there are great difficulties in testing it 
accurately in a squirming fetus In a later 
study, however, Windle and Fish (1932) 
demonstrated by the use of several tech- 
niques, including the operative interference 
with the vestibular apparatus, that the true 
vestibular righting reflex elicited in animals 
m contact with a surface probably appears 
in fetal kittens of 100- to 115-mm crown- 
rump length, that is, on about the fifty-fourth 
day of gestation These same investigators 
(Fish and Windle, 1932) considered the 
onset of rotary and postrotaiy nystagmus in 
the eyes of newborn cats 
For an important early study of the de- 
veloping of the “falling reflex,” see Muller 
and Weed (1916) Carmichael (1934b) and 
later Warkentm and Carmichael (1939) stud- 
ied the genetic development of the kittens 
capacity to right itself when falling through 
the air Rabbits were also used m the second 
study The apparatus used to release the 
animals is shown m Fig 11, and a typical 
sequence as drawn from high-speed movmg- 
picture films is shown m Fig 12 These 


studies were correlated with studies on the 
development of vision m kittens (Warkentm, 
1938) They show that there is a genetic 
relationship between the time sequence of 
the partial responses making up air righting 
and the performance of the act Thus an 
animal may be able to perform all the be- 
havioial acts needed m air righting befoie 
the total pattern m time can be accomplished 
in the short period allowed by a free fall 
From study of the vestibulai sense, Windle 
and Griffin (1931) tuin to a consideration oi 
the development of posture and progression 
m general In this study they follow m part 
the analysis of Hmsey, Ranson, and McNattm 
(1930) Walking can be shown to require 
the cooidmation of several behavioral pat- 
terns, including the ability to maintain an 
erect posture In this connection the analysis 
of Magnus (1924), which shows that posture 
may depend on impulses from the various re- 
ceptor groups of the nonauditory labyrinth, 
from the proprioceptors of the muscles and 
associated structures, and from the exterocep- 
tors including touch and the distance recep- 
tors, is distinctly relevant In view of the facts 
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it becomes obvious that the maintenance of 
erect posture may demand quite elaborate 
stimulation and the establishment of postuial 
tonus by the proper neuiological balance be- 
tween flexor and extensoi muscle gioups This 
complex mechanism makes possible successful 
opposition to gravity and behavioral acts de- 
pendent upon such opposition Foi an illumi- 
nating evaluation of the effect of gravity on 
the development of behavior in mammals, 
the reader should consult a treatment of this 
subject by Holt (1931) Wmdle and Griffin 
(1931) further show that the essential le- 
ceptor and effector mechanisms necessaiy for 
progression involve an added condition, by 
means of which altei nate and lhythmic changes 
m the lnnbs are bi ought about This last 
component is necesary if balance is to be 
changed m such a way that stepping move- 
ments may be accomplished 

Wmdle and Gnffin report that these mech- 
anisms, which aie essential to locomotion, 
develop at different times during fetal giowth 
The onset of the righting reflex has just been 
leviewed The Hist positive evidence of rhyth- 
mic movement of the forelimbs involving 
flexion and extension movements, was seen m 
a 58- to 60-mm fetus At this time the hind- 
leg movements weie less lhythmical Occa- 
sionally m a 100-mm fetus complete stepping 
movements were observed In this connection 
the study of Laughton (1924) on the nei- 
vous mechanism of progression m mammals 
should also be consulted It is further sug- 
gested by Wmdle and his associates that the 
unilateral rhythmic flexion-extension of the 
limb as seen m the scratching reflex may have 
a relationship to the occurrence of the alter- 
nate rhythms of locomotion The first indi- 
cation of the scratch phenomenon was 
thought to have been observed at the 75- to 
80-mm stage, following ear stimulation These 
observations show that the walking move- 
ment even as seen m pienatal life involves a 
complex senes of factors which are concerned 
with virtually the entire receptive field and 
the entire muscular system of the organism 
Besides this characteristic behavior pattern, 
these same investigators have also studied 
the development of the sucking reaction, a 
response which, like that of locomotion, is 
characteristic of early mammalian behavior 
and to which reference has been made The 
first head raising and lowering of the jaw were 


noted m 27- to 28-mm fetuses This early 
prefeeding lesponse was followed in the 45- 
to 50-mm organisms by tongue reflexes which 
weie so amplified m the 70- to 80-mm orga- 
nisms as possibly to be chaiactenzed as suck- 
ing In the 95- to 103-mm oigamsms, this 
response had developed so much farther that 
it was present in virtually its adult foim (Win- 
die and Griffin, 1931, Wmdle and Mmear, 
1934) Wmdle and Mmeai have also shown 
that the lesponse to faradic shock given to 
the snout changes with age At first the leac- 
tion is dominantly away from the stimulus 
(that is, on the opposite side), latei, homo- 
lateral responses appear Wmdle (1937) and 
his collaboiators (Wmdle, O’Donnell, and 
Glasshagle, 1933) have also studied the de- 
tailed neurology i elated to the first foielimb 
responses At 14 mm, or about 23 days, true 
leflexes are elicited At this time the sensoiy 
collaterals of the cord are just complete Wm- 
dle emphasizes the fact that these responses 
are not pait of a total mass leaction pattern 
when they first appear He had previously 
(1935) shown that the simplest foims of re- 
flex pathways are laid down m the central 
nervous system before higher integration sys- 
tems are functional (See also Wmdle, Oir, 
and Mmear, 1934 ) This same mvestigatoi 
(Wmdle, 1939) suggests that calcium and 
potassium deficiencies may account foi cer- 
tain delays observed in the onset of fetal 
movements 

Another elaborate study of the develop- 
ment of behavior in the fetal cat was un- 
dertaken in 1928 by Coromos, working m 
collaboiation with Caimichael and other in- 
vestigators (Coionios, 1930, 1931, 1933, Cor- 
omos, Schlosbeig, and Caimichael, 1932) 
Unlike Wmdle and Griffin, Coionios used 
only fetuses from litters whose insemination 
age he knew accuiately In Coionios' work 
the pregnant female was piepared for ob- 
servation under deep ether anesthesia While 
the animal was anesthetized the carotid arte- 
nes were ligated, a cannula inserted in the 
trachea, and a complete midbrain section 
carefully pei formed Aftei this section, the 
anesthetic was immediately discontinued The 
decerebrate adult cat was then allowed to re- 
main quiet for 1J4 or 2 hours before the fe- 
tuses were exposed for observation by an 
operative technique Before the observations 
began, the cat was placed m a specially de- 
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vised bath apparatus in which physiological 
salt solution was maintained thermostatically 
at 37.5° ± 0.5° C. Into this blood-warm liquid 
the fetuses were shelled out one by one. A 


summary of the behavior observed at various 
copulation ages may be found in Fig. 13. In 
a supplement to this chart Coronios (1933) 
offers the following conclusions: 


Crawling 
Hxcretion 
Urination 
Vocalization. 

Swallowing 
Rolling over on back. 

Righting reaction 
Continuous breathing 
Hindlegs -Toes 
Eyelid contraction. 

Hindlegs - Paw. 

Up movement 
Thompson's reflex 
Deep neck reactions, 
individual hindleg movement 
Vibrissae twitching 
Forepaw flexion. 

Forepaw extension 
Hindlegs -crossed extension 

Hindlegs -Ankle. 

Hindlegs -alternate flexion-extension^ 
Forelegs - Paw. 

Irregular breathing 
Hindleg localizing stimulus. 

Hindlegs- Knee. 

Forelegs -Toes 
Individual foreleg movement 
Hindleg scratch reaction. 

Pinna movement 
Sucking movements, 

Tail horizontal extension. 

Tail lateral curving 
Rump extension. 

Forelegs-crossed extension. 

Forelegs -freeing reaction. 

Back arching. 

"C" reaction 
Tail ventral curving 
Rump ventral flexion 
Bilateral rump rotation. 

Forelegs -Wrist 
Tongue protrusion 
Head extension -bowing. 

Bilateral head rotation. 

Tail* twitching 
Unilateral rump rotation. 

Bilateral rump bending 
Hindleg extension. 

Foreleg localizing stimulus. 

Alternate foreleg flexion-extension. 
Forelegs -Elbow — 

Thorax contraction, 

Back bowing. 

Abdominal contraction. 

Mouth closing 
Mouth opening 
Bilateral head bending. 

Hindleg flexion. 

Unilateral head rotation. 

Trunk extension. 

Head bowing. 

Head extension 
Passive movement of hindlegs 
Unilateral rump bending 

Bilateral trunk bending— — 

Serpentine twisting. 

Foreleg extension. 

Passive movement of forelegs 

Foreleg flexion.,.,-.- — 

Unilateral trunk bending 

Unilateral head bending. 



21 22 23 24 25 26 28 29 30 31 32 34 36 38 40 43 45 46 47 49 51 53 55 58 62 
Fertilization Age 


Fig. 13. A chart constructed to show the development of behavior in cat fetuses of various gestation 
ages, (From Coronios, 1933.) 
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In the early stages the behavior is diffuse, 
variable, relatively uncooidmated, and weak 
With the mciease m gestation age, the re- 
actions become more vigorous, moie regulai 
in their appearance, less variable, individual- 
ized, and better coordmated These qualita- 
tive changes do not occur abiuptly but are 
continuously progiessive modifications in the 
quality of the observed reactions Moreover, 
these qualitative changes do not, as it were, 
“invade" the total organism at once Rather 
they seem to follow a general course m then 
development, beginning at the head region 
and progressing toward the tail 

It is intei estmg again to note in this descnp- 
tion of the development of behavioi m a 
highly oigamzed mammalian fetus a marked 
similanty to the description of the devlopment 
of behavioi noted in Amblystoma and virtu- 
ally all othei forms considered above It must 
be emphasized, however, that there is dan- 
ger in making too sweeping generalizations 
about fetal behavior, but it is impossible to 
deny that there aie certain descriptive teims 
which accuiatelv characterize the develop- 
ment of behavior m many foims 

As a conclusion to his work, Coronios 
(1933) makes the following points 

1 Before birth there is a l apid, progressive, 
and continuous development of behavior m 
the fetuses of the cat 

2 The development of behavioi pi ogresses 
from a diffuse, massive, variable, relatively 
unoigamzed state to a condition where many 
of the reactions aie more regular m their ap- 
pearance, less variable, better organized, and 
lelatively individualized 

3 In the early stages of prenatal develop- 
ment the behavior appears to be progressing 
along a cephalocaudal course 

4 The development of the sensitivity of 
the reflexogenous zones passes through a con- 
tinuous and transitional development from a 
time when rathei vigorous stimulation of any 
“spot” of the body withm a large area serves 
to elicit variable, diffuse, uncoordinated pat- 
terns of behavior to a later time when a weak 
stimulus becomes adequate, withm a much 
more circumscribed area for precise, well-co- 
ordinated, uniform, and less variable patterns 
of behavior The direction of such develop- 
ment is cephalocaudal. 


5 The “primitive” reactions of breathing, 
righting, locomotion, and feeding are the 
products of a long and continuously piogres- 
sive couise of prenatal development 

6 Behavior development appears first m 
the gross musculature, and m the fine mus- 
culature later 

7 Behavioi develops m each of the limbs 
from a proximal to a distal point, that is, the 
entne limb is first involved in the lesponse 
and then gradually the more distal joints be- 
come, as it were, independent of the total 
movement 

Each of these generalizations is to be taken 
as a statement of a typical couise of develop- 
ment and not as a specific formula that can 
be applied to other mammals or man m ad- 
vance of observation Foi example, from the 
time of Aristotle the anteroposterior course 
of development has been noted (Needham, 
1931) This appaiently holds true m the 
primitive gradients of the organism and in 
the weight of different oigans of its develop- 
ing structuie, as well as in the development 
of “individuated" behavioi This generaliza- 
tion must, of course, be considered descnp- 
tive and not explanatory For furthei dis- 
cussion, see Kingsbury (1924, 1926) and 
Child (1925) 

Besides these two elaborate studies of 
the development of behavior m the fetal 
cat, there have been a number of incidental 
studies calculated to investigate some spe- 
cial problem in fetal behavioral growth T 
G Brown (1914, 1915) reports an experi- 
ment on the development of the mechanism 
of progression m the fetal cat He used four 
fetuses of unknown gestation age, the placen- 
tal circulation being maintained and the ob- 
servations made m a waim salt solution The 
fetuses weie studied both before and after 
decerebration On the basis of this work he 
asserts that blood stimulation is very im- 
portant m eliciting the rhythmic movements 
seen before birth He concludes 

It is possible that the “quickening” move- 
ments which aie a symptom of human pieg- 
nancy may be due to similar progression 
movements m man, and if they are thus 
evoked by some such accidental asphyxia as 
that conditioned by piessure upon the um- 
bilical coid they may tend, in an mdiscnmi- 
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nate manner it is true, to relieve that pres- 
sure (1915) 

He also suggests on the basis of other ob- 
servations a phylogenetic theory of the de- 
velopment of locomotion based on Sherring- 
ton's view of motor half-centers m the central 
nervous system 

Langworthy (1929) has also studied the 
development of behavior m the fetus of the 
cat He reported a study on six fetuses near 
term and a number of kittens of varying 
ages after natural birth In these fetuses after 
decerebration he found behavior that is 
characteristic of the late cat fetus, although 
less well-defined hindleg movements were 
observed than those reported by Brown The 
behavior of the fetal and young organisms 
was then correlated with structural studies 
of the nervous system He reported m sum- 
mary of this work 

Bilateral movements of the exti emities 
begin to coordinate when the ventral com- 
missural fibers of the cord receive their 
myelm sheath The animals turn the body at 
a time when myelinated vestibular fibers 
reach the spinal cord The hindleg move- 
ments become better coordinated when mye- 
lmization becomes marked in the lumbar 
portion of the cord 

Krnjevic and Silver (1966) have earned 
out a histochemical study of the developing 
forebram of the cat embryo They believe 
that acetylcholinesterase-containing elements 
have a purely telencephalic origin 

Tilney has prepared a chart showing the 
stream of behavior reaction m the cat similar 
to the chart concerning the development of 
behavior in the guinea pig cited above 
(Woodworth, 1929) In this chart many 
behavioral acts are shown as appearing in 
postnatal life which the studies given above 
show m prenatal life This is true of "primi- 
tive escape,” "snatching,” and, indeed, vir- 
tually all the reactions shown m the chart 
The "sudden emergence” of some of these 
behavior patterns noted below the chart, as 
in most "saltatory maturation,” may seem 
therefore to involve the reactivation under 
different environmental conditions of behav- 
ior which has had a prenatal developmental 
history Similar facts of human fetal devel- 


opment are significant in interpreting the 
conclusions of Gesell (1929b) and Shirley 
(1931a, 1931b) concerning human behav- 
ioral maturation Windle and Orr (1934b) 
have shown that when the fetus is dying 
there is likely to be a vermiform contraction 
These general reactions may appear after the 
heart has ceased to beat 

A number of special studies have been 
made on other mammals Erasmus Darwin 
(1796) quotes an account from Galen of the 
fetal development of the goat The fetus, 
after removal, got to its feet and walked, 
shook itself, scratched, smelled of objects, 
and then drank milk Huggett (1927, 1930) 
has used this same ungulate in elaboiate 
studies of the onset of breathing reflexes m 
the fetus, which will be considered below 
He used animals 1 or 2 months before full 
term The size of the animal made it con- 
venient for operative purposes, but some 
difficulties which experimenters with small 
animals are spared may be noted, since a 
"domestic bath” had to be used to hold the 
saline solution mto which the fetus was de- 
livered (1927) 

Seharpenberg and Windle (1938) have 
now shown that, m the sheep, myogenic re- 
sponses precede neurogenic ones Some sen- 
sory collateral fibers have grown out from 
the dorsal funiculus and have reached the 
mtemuncial neurones of the cord at the time 
the first true reflex arcs are established The 
most elaborate studies of the fetus of the 
sheep, however, have been made by Barcroft 
and Barron (1939) These investigators out- 
line the results of an elaborate series of 
studies upon this large fetus In this animal 
the first spontaneous movements appear on 
the thirty-fifth day after insemination These 
responses involve forelimb, neck, and trunk 
movements By the thirty-eighth day the ob- 
served movements are more "definite” and 
the movements are larger and more numer- 
ous Such spontaneous movements are quite 
transient Even in a 40-day fetus they may 
last only 5 minutes after delivery Main- 
tained posture following movement is seen 
by the forty-second day In their study of 
responses these investigators stimulated by 
various means the fields related to some of 
the important peripheral nerves of the body 
As a conclusion of the study of the maxillary 
nerve, for example, they state that the motor 
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response to specific stimulation is at first con- 
fined to a few muscles, then moie muscles 
become involved, but at length only those 
are activated which respond m the adult 
sheep Again, m regard to the sensory nerves 
distributed to the trunk and limbs they con- 
clude that local muscular reactions are first 
evoked, but with increasing development 
more and moie muscles may be bi ought into 
play 

Barcroft and Banon (1936) have also 
studied the genesis of respiratory movements 
m the fetus of the sheep Barcroft, Bairon, 
and Wmdle (1936) have shown in the same 
laige embiyo localized responses to mechan- 
ical and electucal stimulation These writers 
conclude that behavior may be considered 
to have its genesis m localized patterns of 
response This conclusion is qualified, how- 
ever, in a later papei by Barcroft and Bairon 
(1937a), m which a neurological distinction 
is drawn between leflexes and local contrac- 
tions, foi example, of the neck These same 
investigators m another papei (1937b) give 
an excellent description of the movements of 
the fetal sheep m midfetal life Barcroft him- 
self gives a more general description of this 
work m a paper entitled “The Mammal be- 
fore and after Birth” (1935, see also 1946) 

Barcroft s summary of much of this woik 
appears in his excellent volume of Terry Lec- 
tures entitled The Braxn and Its Environment 
(1938) In this volume brain activity in re- 
lation to its internal environment in fetal and 
neonatal life is brilliantly described In all of 
Barcroft’s work the importance of the chang- 
ing internal environment of the fetus sub- 
jected to experimental study is emphasized 
For a comprehensive evaluation of these 
pioblems see Barron (1950) and Wmdle 
(1950) 

Comlme, Silver, and Silver (1965) have 
studied the factois lesponsible for the stimu- 
lation of the adrenal medulla during asphyxia 
in lambs at 115 and 140 gestational days 
Eidelberg, Kolmodm, and Myerson (1965) 
in experiments on 50 unanesthetized fetal 
sheep from 30 to 150 gestation days of age 
have shown that the electrical steady poten- 
tial m the fetal sheep brain can be recorded 
at 30 days and that there is a slight increase 
m steady potential values during all of the 
rest of pregnancy, 

The dynamics of circulation m the fetal 


lamb and its changes m the lamb after birth 
have been studied by Assail et al (1965) 

Bolk (1926) has made a comparative mor- 
phological study of fetuses of the gorilla, 
chimpanzee, and man in relation to a theory 
of development Tmklepaugh, Hartman, and 
Squier (1930) have studied fetal heart rate 
m the monkey Hines and Straus (1934) 
have studied the motor cortex of fetal and in- 
fant rhesus monkeys The gestation period of 
the macaques used was taken as 168 days 
Fetuses 85 days old showed good contra- 
lateral responses of shouldei and head on 
cortical stimulation The fingeis gained corti- 
cal representation duung the first week aftei 
birth, as did also the facial areas and lower 
extremities It seems that the muscles inner- 
vated by the doisal strata of the limb plexus 
(extensor system) aie the fust muscles of the 
extremeties to gam lepresentation in the 
motor coitex 

Incidental obseivations on other animal 
fetuses are given by J F Craig (1930) in 
his levision of Flemings Veterinary Ob- 
stetrics Needham (1931) gives tables of the 
gestation times of scores of animals which 
are valuable for comparative purposes For 
an even more complete table, see Altman 
and Dittmer ( 1 962) 

THE EFFECT OF DRUGS ON FETAL 
DEVELOPMENT 

Preyer (1882, 1885, 1893), as already 
noted at several points, was a true pioneer 
in the scientific study of the behavior of the 
fetus In his 1885 book he pointed out that 
the drug curare could inhibit behavior by 
paralyzing the newborn animals but that im- 
mature fetuses were lesistant to doses that 
were large enough to paralyze an adult In 
conducting these expenments, he made the 
important discovery that transmission of this 
drug through the placenta to the mother 
from the fetus could take place as maternal 
paralysis was observed to follow fetal in- 
jections 

Ruckert (1930) much later showed that 
acetylcholine acted on certain guinea pig 
fetuses and caused them to contract This 
pattern of response persisted for a time m 
neonatal life, 

In general, as already noted, it can be said 
that recent work has shown that the placenta 
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is not as much of a barrier to chugs as had 
once been thought Drugs with molecular 
weights of less than 1000 can apparently 
cross the barrier (Eastman, 1956) 

Factors that lead to the development of 
malformation m fetal life are called terato- 
genic The fact that malformation could be 
caused by drugs was not widely understood 
until the tragedy of the malformations that 
resulted from the administiation of thalido- 
mide Thalidomide was first synthesized m 
1953 When pharmacologically tested, for ex- 
ample, by Somers (1962), it appeared to be 
nontoxic It was considered to be a good so- 
called hypnotic drug with favorable sedative 
effects It was described as a new nonbarbi- 
turate, sleep-inducing diug (Lasagna, 1960) 
In Decembei, 1959, a report of malforma- 
tion ( Phocomelia ) related to thalidomide was 
published (Weidenbach, 1959) Soon other 
similar reports were made (Collins, 1964) 
In 1962 Lenz reported on 52 malformed in- 
fants whose mothers had taken thalidomide 
during the early stages of pregnancy Many 
later reports confirmed this finding The 
major defect produced m the fetus by the 
drug is a malformation of the limbs The long 
bones such as the radius, femur, and tibia do 
not develop m a normal way when the drug 
acts on a fetus Fingers are often absent or 
fused There are internal organic abnormali- 
ties as well (Lenz, 1962) 

From an embryological point of view, it 
seems that the damage results mostly be- 
tween the third and eighth postmsemmation 
weeks This has been attributed by Phess 
(1962) to interference in development m the 
critical or determinant time for the active 
growth of mesodermal structures 

Experimental work has demonstrated that 
thalidomide apparently does not affect all 
mammals equally but some species are vigor- 
ously affected by it, When thalidomide was 
given to pregnant mice, many litters were 
found to contain embryos with congenital ab- 
normalities (DiPaolo, 1963) In an experi- 
ment in which control animals were studied 
as well as those receiving thalidomide, results 
show that no malformations were found m 
the contiol animals but 6 9% of the fetuses 
of animals receiving the drug showed mal- 
formations (King and Kendrick, 1962) 
In rhesus monkeys, thalidomide sometimes 
seems to kill the embryo, probably prior to 


implantation Thalidomide produces abnor- 
malities m rabbits similar m some respects to 
those in human beings and hence rabbits 
have been much used in studies of the effect 
of this drug on fetuses (Taussig, 1962a, 
1962b) 

Comprehensive bibliographies listing hun- 
dreds of papers on the effect of thalidomide 
have been brought together (Food and Drug 
Administration, 1963) The whole problem 
of drug dangers to the fetus from maternal 
medication has been well summarized by 
Arena (1964) Baker (1960) has prepared 
an admirable bibliography of 354 references 
and summaries of the effects of drugs on the 
fetus He concludes by pointing out that at 
the present time more children die from con- 
genital malformations than from certain con- 
tageous diseases which were dangeious be- 
fore the modern era of chemotherapy His 
paper discusses the effects of powerful an- 
algesics, mild analgesics, sedatives, tran- 
quilizers, anesthetics, carbon monoxide, 
curare and related drugs, anticoagulants, 
antibiotics, antithyroid drugs, carcinogenic 
drugs, lead, and nicotine The effect of 
cigarette smoking on premature birth has 
been studied by Simpson (1957) One of the 
first or pioneer studies on chromosomal dam- 
age m human leukocytes induced by LSD 
has been investigated by Cohen, Marmello, 
and Back (1967) 

Radiation damage to the fetus has also 
been extensively studied (Yamazaki, Wright, 
and Wnght, 1954, Yamazaki, 1966, Miller, 
1956, Furchtgott, 1964, Rugh, 1958) The 
effect of high altitude on pregnancy has been 
studied Some striking effects are found but 
much further work is needed (see Montague, 
1964) 

The very large body of literature on 
morphological effects of drugs on mammalian 
fetuses cannot be fully reported here It is 
important, however, to note that marked 
changes m the structure of the fetus produce 
marked changes m behavior It is clear, 
therefore, that any geneialization about the 
fact that embryonic development is a result 
of the working of the genetic code alone must 
be qualified by a full consideration of the 
effect of drugs and other agents on the em- 
bryological development of the fetus after 
conception Woollam (1962) has indeed 
pointed out that the thalidomide disaster may 
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be considered as an expeument m mam- 
malian teratology and, it may be added, in 
the development of mammalian behavior 
Physical growth and the growth of behavioi 
involves a long series of what are called m 
this chapter emergent developmental changes 
It is hard or impossible in considering this 
complex development, as seen m some ob- 
vious organic defect or m some atypical form 
of behavior, to determine a single explanation 
of how the defect arose Every “normal” de- 
velopment is subject to unpredictable varia- 
tions Distinctions between genetic and en- 
vironmental effects in fetal development are 
thus very haid to establish There is evidence 
that prenatal and premating stress may affect 
adult behavior (Joffe, 1965) As Weiss 
(1955a) has noted, selective damage to a 
particular organ by an environmental factor 
can be referred to diffeiential susceptibilities 
of different parts of the body Thus environ- 
mental damage, m one respect, may be said 
to go back to the genes of the oigamsm 

It is, of course, well known that malfoimed 
fetuses are often aborted before reaching full 
term, but the birth of many malformed fe- 
tuses (or “monsters,” as they are sometimes 
called) shows that this is not an mvanable 
rule 

In recent years a large hteiature has de- 
veloped concerning the effect of rubella 
(German measles) and many other maternal 
diseases on the fetus (Mmtz, 1958) Maternal 
influenza has been studied by Coffey and 
Jessop (1959) In almost all such cases, the 
structuial malformation and especially the 
atypical brain development that is obseived 
can be seen to lead to the growth of behavioi 
patterns that are not the normal ones of the 
species Dagg (1966) has prepared an ad- 
mirable summary of the whole subject He 
gives emphasis to abnormalities found in the 
mouse fetus but his work has implications 
for other mammals and especially for the 
importance of the critical periods m fetal 
life when teratogenic agents are most apt to 
produce abnormalities 

It is important m considering abnormal 
fetal development to differentiate anomalies 
caused by teratogenic factors from those re- 
sulting from mutant genes and linkages The 
latter topic has been fully reviewed by M G 
Green (1966, see also bibliography of this 
topic m E L Green, 1966) M C< Green has 


also well summarized present knowledge of 
how the genes act in normal as well as ab- 
normal development She points out that m 
seeking answers to the general questions of 
how genes (or the genetic code) control 
development, it is important to remember 
that m multicellular organisms many kinds of 
cells are formed It is cleai that although 
each cell type contains the full pattern of 
genes that are present m the zygote, only 
certain genes are active m each different kind 
of cell and then only at specific times In 
other words, multicellular development de- 
pends on the fact that some genes are called 
into action at particular times and promote 
changes that may then call other genes mto 
action or repress the activity of other genes 
that have been previously active This in- 
volved mechanism is of the greatest signifi- 
cance for the student of behavior As the 
relationships of these involved factors be- 
come better known, it will almost certainly 
become clear that some specific changes of 
behavioi that are seen in individuals, even 
in adult life, may have a basis m genes For 
example, some of the changes of senescence 
almost certainly have their basis in mecha- 
nisms such as those just described 

GENERAL ASPECTS OF HUMAN FETAL 
DEVELOPMENT 

Prescientific Study 

From one point of view at any rate, all 
that has gone before in this chapter has been 
intended to piepare the leader for the con- 
sideration of the pienatal development of 
behavior in human beings Behavioral de- 
velopment before birth has long been a sub- 
ject of notice in the human race, but only 
comparatively recently has it been studied in 
a systematic and scientific manner 

That the fetus moves before birth is 
knowledge as old as mankind Certainly theie 
are refeiences to this phenomenon m the 
folklore of primitive peoples (Ploss and 
Bartels, 1927) It is intei esting to notice 
also, so far as the anthropomorphic theory 
of primitive deities is concerned, that the 
process of making gods m the image of man 
even included speculations about god em- 
bryos Foi a consideration of this topic, see 
Bnffault's work The Mothers (1927) and 
Witkowski (1887) There are references to 
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pienatal development of behavioi m Biblical 
liteiature and m ancient Indian and Chinese 
writings The Egyptians eaily began to con- 
sider this mattei, as is shown in a hymn to 
the sun god attributed to Amenophis IV 
(about 1400 b c ) 

Cieatoi of the geim in woman, 

Maker of seed m man, 

Giving life to the son in the body of his 
mother, 

Soothing him that he may not weep, 

Nuise (even) in the womb 
Giver of bieath to animate eveiyone that he 
maketh 

When he cometh foith from the womb on 
the day of his birth 

(Needham, 1931 1 ) 
Aristotle taught that the vegetative 01 
nutritive soul existed m the unfertilized ma- 
tenal of the embryo (Needham, 1931) 2 
One of the pioblems that giow out of 
the view that the fetus early comes to have 
an independent existence is the value placed 
upon human fetal life This problem of evalu- 
ation is essentially ethical rather than scien- 
tific As such, it continues even at the pies- 
ent tune to be significant It is not, howevei 
a topic within the scope of this chapter 
Among the numerous tieatments of this topic, 
the monograph by Goeckel (1911) dealing 
with the changes that have taken place m the 
evaluation of the life of the unborn human 
fetus is important In this monograph the 
author reviews primitive opinion and the 
statements of Roman and old Germanic law 
in regard to the fetus He piesents an ex- 
cellent bibliography of Roman Catholic theo- 
logical pronouncements and of civil lega] 
opinions on the value of the life of the fetus 
The legal aspect of prenatal life is also given 
special consideration m a paper by Moiache 
(1904) As already noticed, the earlier his- 
tory of the evaluation of fetal life is fullv 
considered in Witkowskis detailed Htstotre 
des accouchements chez tons les peuples 
(1887) Much of this work, howevei, seems 
to be based upon Cangiamilas Embryologia 
Sacra of 1775, which the writer has not seen 
Modern thinking about the value of the 
fetus is reviewed m such papers as those 
of Hughes (1905), Arendt (1910), and 
Glenn (1911), which treat various aspects 
of the ethics of dealing with the life of the 


unborn child Piesent civil and leligious dis- 
cussions of birth control and so-called legal 
abortions show how cunent aie ethical and 
legal problems m this field 

From eaily times people have believed that 
the mother’s thoughts and expenences di- 
lectly influence the fetus For many years, 
however, this view of prenatal influence has 
existed in the populai rather than in the 
scientific tiadition That “thought transfer- 
ence” or some mystenous nervous lelation- 
slup exists between mother and fetus is not 
generally held today by scientific investiga- 
tors Save in the chemical intei change be- 
tween the two blood streams oi m mechani- 
cal oi infectious transmissions, biology and 
psychology offer no basis for this view Com- 
payie (1896) gives a brief history of this 
superstition He describes the now amusing 
assertions of Malebianche in legard to the 
complete mteiceiebral shaung of all mental 
processes between fetus and mother and 
then caines the subject on to the speculations 
cunent in nonscientific wntmgs at the end 
of the nineteenth century Compayre does 
not, however, refer to the lemaikable asser- 
tions of the philosophei Hegel (1894) con- 
cerning psychological embiyology, in which 
mother and fetus aie said to be in undivided 
‘psychic unity” This magic relationship is 
held to be of the natuie of animal magnetism, 
by which the chaiacter and talent of the 
mother aie communicated to the child 
That supeistitious views of prenatal in- 
fluence are still discussed may be discovered 
by reading articles by Coughlin (1905), 
Walton (1910), Chustenbery (1910-1911), 
Tompkins (1911-1912), Barham (1915- 
1916), and R L Brown (1918) An example 
of such an observation is the following case 
described by Morrison (1920) A mother of 
five healthy children had two teeth removed 
during pregnancv She feared that the child 

1 For much of the historical material given in 
various parts of this chapter, the writer is in- 
debted for actual references and for many inter- 
pretations to Needham's illuminating history of 
embryology (1931) For a study of the ideas of 

rmutive peoples concerning generation as they 

ave evolved into modem scientific understand- 
ing, the reader is urged to consult Meyers The 
Rise of Embryology (1939) 

2 A more detailed history of prescienttfic studies 
of fetal behavior is given in the previous edition 
of this chapter See second edition (1954) of 
Carmichaeh Manual of Child Psychology 



494 LEONARD CARMICHAEL 


would have a harelip. She became obsessed 
with the idea. The child was born with a 
harelip. It proved difficult to convince the 
mother that maternal impressions were not 
an accepted scientific cause. In this case just 
given, one is apparently dealing with an 
unusual coincidence which seems very like 
a causal connection to those who participate 
in it emotionally. To the parent such a con- 
clusion may thus be psychologically if not 
scientifically pardoned. Until new evidence 
is presented, however, such cases cannot be 
considered as having scientific significance. 
We may still say with some assurance that 
'prenatal influence” in the sense discussed 
is a superstition. 

Sontag (1966) has summarized the litera- 
ture showing that pregnant rats and other 
mammals produce offspring that are affected 


by adult environmental conditions. Pregnant 
rats that are fondled produce less "neurotic” 
offspring. It is also asserted that severe ma- 
ternal emotions cause a change in the activ- 
ity level of the human fetus. In eight cases 
in which maternal emotion caused increases 
in fetal activity level the offspring later 
showed no congenital defects but some were 
hyperactive, irritable, or had frequent stools. 

Scientific Study 

We must now turn back in our considera- 
tion to the scientific study of the fetus in or- 
der to consider what is known about the 
actual behavioral development of the unborn 
child. For the purpose of understanding this 
prenatal development of human behavior, 
some general idea of morphological develop- 
ment provides a useful baseline upon which 



Fig. 14. The human embryo of His ormentafel as given by Keibel and Elze. The letters desig- 
nating each fetus, its size in millimeters, and its estimated age in days are: a , 2,1, 12-15; b, 2.12, 
12—15; c, 2.15, 12-15; d, 2.2, 12-15; e 9 2,6, 18-21; f, 4.2, 18-21; g, 4.0, 23; h, 5.5, 24-25; i, 7.5, 27-30; 
K 10.0, 27-30; Z, 9.1, 27-30; m, 9.1, 27-30; n, 10.5, 31-34; o, 11.0, 31-34; P) 11.5, 31-34; q, 12.5, 
31-34; r, 13.7, 31-34; s, 13.8, about 35; % 13.6, about 35; u, 14.5, about 37-38; u, 15.5, about 39-40; 
m, 16.0, about 42-45; x, 17.5, 47-51; y, 18.5, 52-54; s, 23.00, 60. (From Keibel and Elze, 1908.) 
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to repiesent the changing continuum of 
behavior (See Goldstein, 1904, for an im- 
portant early approach to this subject ) 
Figure 14, taken from Keibel and Elze 
(1908), shows a selected senes of human 
embryos and fetuses 2 1 to 23 mm m length 
The length of each specimen is given m the 
legend below the figure 

Many efforts have been made to compile 
a table from which the ages of fetal human 
organisms can be estimated on the basis of 
known physical measurements Scammon 
(1927), indeed, estimated that there were 
7500 titles on the growth and physical de- 
velopment of the fetus, infant, and child 
The construction of satisfactory norms of 
growth m prenatal life has proved to be 
a very hard scientific task because of the 
difficulties that must be overcome in evalu- 
ating the material to be measured In the 
first place, even if organisms of truly known 
age were plentifully available, each age norm 
would necessanly be stated in teims of 
some statistical average, because of the many 
factors such as genetic stock, nourishment, 
and specific pathology which influence fetal 
size For a consideration of some of these 
factors m infrahuman mammals, see the work 
of Bluhm (1929) 

A greater stumbling block than this varia- 
bility of size at any true age, however, is 
found m the fact that it is peculiarly difficult 
m the human individual to place coirectly 
the starting point of development, even 
though, in the light of the discussion given at 
the beginning of this chapter, such point be 
taken as the moment of fusion of the nuclei 
of the two parent cells As a matter of fact, 
this moment can never be absolutely accu- 
rately determined, and therefore many diffei- 
ent ways of approximating the zero point of 
development have been used in the history 
of human embryology Even now no com- 
plete agreement has been reached as to the 
most desirable procedure in arriving at this 
calculation Of these methods the following 
are probably most important 

1 Menstruation age In this scale the age 
of the fetus is calculated from the fiist day 
of the last period of menstruation prior to 
the onset of piegnancy (Mall, 1918) 

2 Mean menstruation age This age is 
similar to the above, except that it is based 


on the average calculated from many cases 
Thus if 5 1 days is taken as a mean, there is 
a possible deviation from 40 to 62 days, so 
far as the relationship to morphological mea- 
surement is concerned (Mall, 1918) 

3 Conception age The age of the fetus 
is calculated from the last day of the last 
menstrual penod pnor to pregnancy This 
is the age used by His and adopted by Minot 
(1892) 

4 Copulation, or insemination, age This 
age, based upon calculation and upon trust- 
worthy cases of known copulation time, is 
found to be approximately 10 days shorter 
than the mean menstrual age defined above 
(Mall, 1918) 

5 Ovulation age This age is calculated 
from the time of ovulation It is at present 
extremely difficult to determine directly the 
time of ovulation Determinations are com- 
plicated by many factors, such as the ob- 
servation that it is difficult to know how 
long spermatozoa may live after entering the 
female genital tract, and by many other con- 
siderations A complete and critical study of 
the time of ovulation and the fertile period 
of the menstrual cycle is given by Hartman 
( 1936) m a book devoted to a consideration 
of recent data and theories m this field 

6 Fertilization, or true , age This age 
cannot at present be directly determined, 
but must be calculated from 1, 2, or 4 above 
In general it may be said that the present 
evidence points to the fact that fertilization 
occurs in less than 48 hours after copulation 
(Mall, 1918) 

A standard table of age-length equivalents 
during the prenatal period of development 
is still further complicated by the fact that 
the linear measuiements of the specimens 
have been obtained by different methods* 
The measurements commonly used include 
the crown-rump length and crown-heel length 
or standing height The second of these is 
leally related to the first, that is, it is crown- 
lump length added to the rump-heel length 
(Mmot, 1903) Besides these two usual mea- 
surements, there is the Nackenlange of His, 
that is, the length measured from a particular 
point in the caudal bend to a particular pomt 
m the neck band of the specimen (His, 
1880, 1882, 1885), 

Of these measurements the crown-rump 
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measurement is possibly best foi embryo- 
logical purposes (Mmot, 1903), but in most 
of the work on the development of behavioi 
the crown-heel length has been employed 
(Minkowski, 1923, 1928a, cf also Scammon 
and Calkins, 1929) 

In a subject so full of possible diveigences 
of opinion, therefore, it is little wondei that 
many appaiently conflicting tables of age- 
length relationships have been produced 
Among the tables frequently refened to are 
those of C M Jackson (1909), Preyer (and 
the other embryologists summarized by him) 
given m Minot (1892), and the summarizing 
table from Keith (1913) Instead of giving 
all these tables and many others to which 
leference might be made, oi of attempting 
any averaging of the results, it has seemed 
wise to present Malls (1910) table, which 
seems to the writer to be based on excellent 
evidence This table, based on Mall’s own 
work and upon the collection of material 
by Issmer, is given as Table 1 Mall (1918) 
has reviewed his woik subsequent to the pub- 
lication of this table and finds the table still 
accurate It should be noted, however, that 
particularly so far as the younger stages are 
concerned there is a possibility of great van- 
ability in judging age from such a table as 
that given Weight is probably a better in- 
dex but is seldom given (Minot, 1892) 
Therefore, m all age determinations given 
m this chaptei, it should be borne m mind 
that the word “approximate” should really be 
placed m front of almost any statement of 
fetal age Streeter (1920) has prepared a 
series of growth curves of the human fetus 
based upon most carefully computed data In 
his tables and graphs the relationships of 
weight, sitting height, head size, foot length, 
and menstrual age of the human embryo 
are presented Hooker (1944) has suggested 
that length and weight provide a more useful 
index of behavioral development than does 
age (Gesell, 1928) 

Estimation of gestational age from weight 
of a fetus is subject to uncertainty Sex, race, 
genetic background, nutrition and other fac- 
tors are impoitant m determining weight 
Recent work suggests deriving equations 
which contain a parameter for estimating the 
weight of the fetuses at various gestational 
ages This equation may be fruitful in com- 
paring weight of fetuses from different popu- 


Table 1 Abbreviated Data from Mall to Show 
Relationship between Various Age 
Determinations of the Fetus and CH 
( Crown-Heel ) and CR ( Crown-Rump ) 
Measurements of Height m Millimeters 


Prob- 
able 
Age m 
Weeks 

Prob- 
able 
Age m 
Days 

Mean 

Men- 

strual 

Age 

Mean Mean 

Length of Length of 
Embryo Embryo 
(CH) (CR) 

1 

7 




2 

14 




3 

21 

31 

5 

5 

4 

28 

37 

25 

25 

5 

35 

43 

55 

55 

6 

42 

51 

11 

11 

7 

49 

59 

19 

17 

8 

56 

65 

30 

25 

9 

63 

72 

41 

32 

10 

70 

79 

57 

43 

11 

77 

86 

76 

53 

12 

84 

94 

98 

68 

13 

91 

100 

117 

81 

14 

98 

108 

145 

100 

15 

105 

114 

161 

111 

16 

112 

121 

180 

121 

17 

119 

128 

198 

134 

18 

126 

136 

215 

145 

19 

133 

143 

233 

157 

20 

140 

150 

250 

167 

21 

147 

157 

268 

180 

22 

154 

165 

286 

192 

23 

161 

171 

302 

202 

24 

168 

177 

315 

210 

25 

175 

185 

331 

220 

26 

182 

192 

345 

230 

27 

189 

199 

358 

237 

28 

196 

205 

371 

245 

29 

203 

212 

384 

252 

30 

210 

219 

400 

265 

31 

217 

228 

415 

276 

32 

224 

234 

425 

284 

33 

231 

241 

436 

293 

34 

238 

248 

448 

301 

35 

245 

256 

460 

310 

36 

252 

262 

470 

316 

37 

259 

271 

484 

325 

38 

266 

276 

494 

332 

3814 

270 

280 

500 

336 


From Keibel and Mall (1910) 


lations (Spencer and Coulombe, 1964) 
The study of the embryology of the brain 
both m terms of its gross structure and its 
histology is important m understanding the 
physical basis of behavior growth The pres- 
ent state of this subject is well reviewed by 
Robinson and Tizard (1966) They point 
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Fig. 15. The external appearance of the brain of 
Larrochej 1962. ) 

out that the brain of a full- term infant is J4 
the weight of the adult human brain. This 
can be compared with a proportion of about 
M 20 for other organs. It is also important to 
note that all neurons are present at 7 >4 
months from conception. The later fourfold 
growth of the brain is mainly due to the 
deposit of myelin and the elaboration of 
dendritic processes and vascular tissue. 
Figure 15 shows the external appearance of 
the human brain at various fetal ages. The 
difficulty of predicting behavior from a study 
of the brain alone has been emphasized by 
many writers (Carmichael, 1940a). See also 


of babies born at different gestational ages. After 

Borkowski and Berns tine (1955) for the elec- 
troencephalogy of the fetus. 

Arising immediately out of the relationship 
between growth and age of the fetus is a 
whole series of studies on the morphological 
development of the fetus, which of course 
cannot be reviewed in this chapter. Figure 
16 shows graphically the significance of such 
knowledge for one who thinks of the fetus as 
a “smaller infant/’ The literature on general 
fetal development has several times been 
summarized, the early work having been 
brought together in an excellent summary by 
Pinard (1877), In this summary the work 
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Second Month Fifth Month Tenth Month 


Fig 16 Changes m body proportions in fetal 
life BH — body height, ML — midline (From 
Hess, 1922 ) 

on the morphology, physiology, and pathol- 
ogy of the fetus is treated separately A 
bibliography of 870 titles is appended to this 
treatise Next to Pmard’s summary m lmpoi- 
tance is Wertheimers (1904), which brings 
together the general literature on the fetus 
to 1904 Probably the most complete sum- 
mary m English of the anatomical and phys- 
iological aspects of fetal development is 
Feldmans (1920), which, in spite of certain 
lacunae, should be lead by all who are in- 
terested m the fetus Noback and Robertson 
(1951) have studied the sequence of appear- 
ance of ossification centers m the human 
skeleton during the first 5 prenatal months 
and have summarized previous work on 
skeletal development of the human fetus 
As pointed out above, it may almost be 
said to be necessary, m order to understand 
the development of behavioi, to have some 
reference line in terms of measurements of 
anatomical development It has become a 
convention by following such a temporal 
line to divide the prenatal life of the human 
being into three periods (Feldman, 1920, 
Williams, 1931) The first period of 1 or 
sometimes 2 weeks is spoken of as the germi- 
nal period Fiom the third to fifth or sixth 
week is the embryonic period From the sixth 
week to birth is the fetal period The normal 
term of pregnancy is usually placed at 280 
days (Williams, 1931), although estimates 
varying between 270 and 284 days have 
been given by various investigators and sum- 
marized by Needham (1931) It must be 
obvious, however, that such figures are mean- 


ingless unless the method of calculating true 
fertilization time is given The normal length 
at birth is ordinarily given as 500 mm in 
crown-heel, or 320 mm m crown-rump, 
length Sometimes, however, premature in- 
fants are born and successfully reared who 
have passed less than 180 days m the 
mothers body, but 180 or 181 days is usually 
taken as the average lower limit below which 
viability cannot be maintained (Hess, 1922) 
Claims have been made that much youngei 
fetuses have been raised, but as, for example, 
m the case of Rodman’s fetus which was al- 
leged to have been but 4 months old, there 
is much doubt of the accuracy of the age 
estimation (Rodman, 1815, Baker, 1825) 
At the other end of the scale the terminal 
point of postmaturity is also open to great 
difficulty of estimate In considering this 
matter, Ballantyne and Browne (1922) hold 
that no single index such as fetal length, 
weight, ossification of the skeleton, placen- 
tal structure, or coid structural condition is 
sufficient to date the fetus They state that 
the best estimate is obtained by combining 
a knowledge of the last menstrual period, 
the date of copulation, the date of the onset 
of morning sickness, the date of the quick- 
ening of the fetus, the size of the uterus, the 
difficulty of delivery, as well as the evidences 
of postmatunty such as measurements of 
length, weight, and ossification Probably 334 
days is the longest period legally considered 
during which a fetus may be thought possibly 
to have lived m the mother’s body and still 
be delivered alive (Ballantyne and Browne, 
1922) Thus, from one point of view at any 
rate, the human fetal life span that will be 
dealt with in this chapter must be taken as 
lasting from fertilization until birth, a time 
which m the extremest possible cases may 
vary by as much as 154 days I 

That mere age or anatomical development 
is not enough to determine developmental 
level is suggested by Arshavsky (1968), who 
says, "The physiologically immatuie neonate 
differs from the physiologically mature by 
neither length of the gestation period nor 
birth weight, but by physiological peculiari- 
ties suggested by retarded development” 

In this chapter most of the references to 
fetal behavior are made to unborn fetuses. 
It should be kept in mind, however, that the 
study of correctly dated premature infants 
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may throw light upon the later fetal period. 
In interpreting the sensory ability or response 
activity of a prematurely born infant, it is 
not safe to attribute the same abilities to the 
unborn fetus of the same age. As suggested in 
the first part of this chapter, the greatest 
errors in genetic science are made by sug- 
gesting that because environmental condi- 
tions of one sort produce behavior of a 
particular kind in one individual, therefore 
these same abilities must be “ ‘implicit” in an 
organism living under wholly dissimilar con- 
ditions. A normal fetus of the same age as a 
successfully air-breathing premature infant 
may act in a very different way from the 
comparison organism. This is true not only 
because of mechanical differences of bodily 
make-up, such as the presence or absence of 
liquid in the ear, but because of the gross 
differences brought about by the change from 
placental respiration to pulmonary respira- 
tion and from placental nourishment to ali- 
mentary canal nourishment. The sheer me- 


chanical change from life in a liquid with the 
specific gravity of the amniotic fluid to life in 
air is most important. Similarly, the effective- 
ness of external stimulation is vastly changed 
in the transition from a relatively constant 
stimulus world before birth to a continually 
changing and varied set of physical energies 
after birth. An excellent brief summary of 
the development of the fetus week by week 
is given by Williams (1931). In the present 
chapter, save for the tables of fetal length 
and age, and save for the reproduction of 
the famous Keibel and Elze series of em- 
bryos and fetuses given above, no detailed 
consideration can be given to gross structural 
change which occurs during prenatal growth. 

An interesting graphic representation of 
prenatal physical development is that in Fig. 
17, reproduced from Scammon and Calkins 
and redrawn by Needham (1931), in which 
the age, height, or weight can, to the limits 
of accuracy of the original data, be read off 



Fig. 17. Three-dimensional isometric projection from which height, weight, and age of human em- 
bryos may be read off if one is known. ( From Scammon and Calkins, 1924.) 
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if any one of these measurements is known 
(See also Streeter, 1920 ) 

In a paper entitled “Physical Fitness in 
Terms of Physique, Development and Basal 
Metabolism” Wetzel (1941) presents a cri- 
tique of a new method of evaluating individ- 
ual progress from birth to maturity which 
suggests that there are types of physique 
which influence all growth tables A similar 
observation could undoubtedly be made of 
fetal life as well In this connection a study 
of body build by Sheldon and his collabora- 
tors (Sheldon, Stevens, and Tucker, 1940) 
should be consulted For a convenient graphic 
age conversion scale, see McCarthy (1936) 

In the paragraphs below a leview of the 
development of behavior m human fetal 
life without detailed leference to morphology 
is presented In this presentation buef con- 
sideration will be given to clinical observa- 
tions made on fetal movements without oper- 
ation on the mother oi the interruption of 
pregnancy Aftei this discussion, as accurate 
and complete a summary as possible will be 
given of the experimental studies on the de- 
velopment of behavior m operatively exposed 
human embryos After these lines of evidence 
of fetal behavior have been summarized, a 
review of the knowledge concerning human 
fetal sensory life will be presented A knowl- 
edge of sensory development will at once 
lead to a consideration of the theories that 
have been proposed to account foi the de- 
velopment and control of fetal behavior, and 
an evaluation of all these observations for 
human psychology will then be presented 

NONOPERATIVE STUDIES OF 
BEHAVIORAL DEVELOPMENT IN THE 
HUMAN FETUS 

Numerous methods have been used for 
the scientific study of the development of 
the human fetus without disturbing its normal 
course of development The simplest of these 
methods involves the direct recording of re- 
ports of the mother concerning the move- 
ments of the fetus as she experiences such 
movements A mother can sometimes per- 
ceive the "quickening of the fetus” by the 
seventeenth week (Feldman, 1920) At times 
the physician may by the use of the stetho- 
scope hear fetal movements as early as die 
fourteenth week (Mailliot, 1856, Neu, 1915) 


It is customary, however, to say that the first 
time at which such movements can be de- 
tected by the physician is m the fifteenth or 
sixteenth week (Feldman) Feldman points 
out that m fetuses of 8 weeks the umbilical 
cord shows regular spiral twists Since such 
twists are not characteristic of animals that 
carry many young and therefore have little 
room for the fetus to turn m, it is assumed 
that the movements of the fetus even at such 
an early age determine the twisting of the 
cord The wnter, however, can see no lea- 
son why such twisting might not result from 
passive as well as fiom active movements 

In later periods of piegnancy, mothers 
give reports of movement involving pait of 
the body Sometimes the movements of the 
extiemities or of the trunk alone aie noted 
Mermann (1887), foi example, reports a 
case of rhythmic movement of the fetal back 
palpated through the mothers abdominal 
wall m a fetus of 7 months Whitehead 
(1867) gives an extended leport of a case of 
violent convulsion of the fetus while still m 
the uterus This convulsive condition oc- 
curred dui mg the ninth month of piegnancy 
The activity of the fetus caused the mother 
gieat pain By palpation and by dnect ob- 
servation it was found that the fetus was m 
a state of marked hyperactivity Both the 
head and limbs of the fetus were moved so 
violently as to cause active distuibances of 
the mother’s body wall The child, bom 21 
days later, was m all lespects healthy and 
vigorous 

Palpation and various instruments for mag- 
nifying or recoidmg vanous fetal movements 
observed through the intact body wall of 
the mothei have long been m use MacKeever 
(1833) pointed out that the stethoscope was 
a valuable instrument m this connection The 
dnect hearing and legistermg of fetal heart 
beat also have long been a subject that has 
attracted the attention of clinicians Feldman 
(1920) says that this phenomenon was dis- 
covered by a Swiss physician, but its im- 
portance was fiist bi ought out by de Kergara- 
dee (1822, 1823) This student concluded 
that the fetal heart beat could be heard fiom 
the eighteenth week of pregnancy on Mail- 
hot (1856) thought that it could be heard 
much earlier. Later, among others, DeLee 
(1927, 1928) and Hyman (1930) made 
special studies of the fetal heartbeat, includ- 
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mg such phenomena as irregularities in its 
rhythm 

In 1891 Pestalozza succeeded m taking 
a cardiograph of the second twin after the 
first twin had been born (Feldman, 1920) 
In this he was more successful than Hicks 
(1880), who by the use of an instrument like 
a caidiograph obtained ceitam records which 
weie, however, so badly obscured by the 
rhythmic activities of the mother that they 
could scarcely be identified Krumbhaar and 
Jenks are reported by Feldman (1920) as 
having obtained typical electrocardiographic 
tracings of the fetal heart (See also Sachs, 
1922 ) Maekawa and Toyoshima (1930) 
have, by the use of amplifieis and a stung 
galvanometer with electrodes placed on the 
front abdominal wall of the mothei, secured 
excellent electiogiaphic tracings of the fetal 
heart After buth the beat of the same heait 
is also recorded for purposes of comparison 

Stimulated by this work, Carmichael m 
1935 attempted, with equivocal results, to 
recoid normal fetal heart activity by high- 
gain amplification More recently, Mann and 
Bernstein (1941) and Geiger, Monroe, and 
Goodyer (1941) have published in this field, 
and the physiological psychologist D B 
Lmdsley (1942) has published a most in- 
teresting paper on the heart and brain poten- 
tials of human fetuses m utero In this paper 
a reliable method of recoidmg maternal and 
fetal electrocardiograms is given What is 
even more interesting, howevei, is the fact 
that this investigator has also been able to 
record fetal electioencephalograms In the 
latter case, during the seventh and eighth 
months of human pregnancy electrodes weie 
at times placed on the maternal abdominal 
wall over the palpated head of the fetus By 
suitable amplification and lecording, fetal 
electroencephalograms weie secured by this 
means The records were typical of those 
from the precentral region of the biain m the 
newborn In all work upon fetal or neonatal 
heart rate the effect of asphyxia must be 
considered (Bai croft, 1938) A fall m heart 
rate that is nonvagal has been demonstrated 
m fetal rabbits by tying off the umbilical 
cord (Bauer, 1938) 

A number of recent studies have been 
made of the electioencephalograms of the 
fetus showing irregular slow waves with 
superimposed fast waves (Borkowski and 


Beinstine, 1955) Anoxia leads to high-am- 
plitude-low-fiequency activity which may 
end in complete absence of electucal activity 
(Huhmar and Jarvmen, 1963) The electro- 
encephalograms of the fetus during birth is 
similar to that of the aleit neonate (Rosen 
and Satian, 1965) 

Recently, ultrasonic pulse echo techniques 
have been used m estimating fetal develop- 
ment Studies show that it is possible within 
known limits of accuracy to estimate the 
weight of the fetus by this technique Animal 
studies show that there are no toxic effects by 
the use of this method (Thompson, Holmes, 
Gottesfeld, and Taylor, 1965) 

Among the other early movements of the 
fetus which are often directly recoided are 
the so-called Ahfeld breathing movements, 
or the rhythmic contractions of the fetal 
thoiax felt through the mothers body These 
movements should not be confused with 
utenne contractions occurring after the thud 
month, sometimes called Aklf eld’s sign , which 
incidentally may have something to do with 
the onset of behavior, if an analogy with the 
amnion contraction of the chick noted above 
may be suggested (Kuo, 1932c) In spite of 
the difficulty of the ancients concerning fetal 
respiration that involves the intake of no air 
into the lungs, it has of course long been 
understood, as Leonardo da Vinci knew, that 
the fetus does not breathe water (Needham, 
1931) The gaseous interchange of the mam- 
malian fetus occurs m the placenta between 
the bloodstream of the mother and that of 
the fetus The general significance of this 
piocess and its detailed consideration have 
been studied by many physiologists The 
history of the early advance of knowledge 
on this matter is summarized by Starling 
(1900), and the generally accepted facts 
about the fetus are brought together by Sar- 
wey (1915) and more recently by Barcroft 
and Mason (1938) (See also Bylicki, 1921 ) 

The liquid envnonment, of course, com- 
pletely pieqludes tiue lung breathing, but 
at least since 1798 movements of the chest 
and thorax of the fetus similar to bieathmg 
movements have been occasionally noticed 
B^claid (1815) observed such movements 
m vanous mammalian embryos without re- 
moving the ammotic sac through which they 
were observed Ahlfeld (1890) has de- 
veloped a view on the nature and significance 



502 LEONARD CARMICHAEL 


of certain irregular but vaguely rhythmic 
movements of the fetus which seem to be 
caused by the contraction of the same mus- 
cles which will make respiration possible m 
postnatal life (See also Kouwer, 1919, and 
Kellogg, 1930 ) Ahlfeld has made graphic 
records of these movements, which m typical 
cases vary from 38 to 76 per minute C A 
Smith (1946) has presented an admirable 
summary of the fetal aspects of respnation 
He discusses the experimental literature m 
this field The point is made that respiratoiy 
movements of the fetus of animals studied 
cannot be considered as automatic, constant, 
and progressive His view is rather that here 
again, as m so many other aspects of fetal 
behavior, we see the setting off of a response 
pattern under certain conditions which othei- 
wise, although acquired early, is normally 
held m abeyance for later use 

If these speculations are in any sense cor- 
rect, therefore, the so-called first breath of 
the child may be considered to be just a 
change m the way m which the same neu- 
romuscular mechanism determines the oxy- 
genation of the blood (Walz, 1922) For 
an excellent popular statement concerning 
the onset of bieathmg, see Henderson 
(1937) 

Barcroft and Karvonen (1948) have stud- 
ied the effects of carbon dioxide and of 
cyanide on fetal respiratory movements They 
conclude that cutaneous sensory stimulation 
rather than asphyxia is responsible for the 
commencement of air breathing 

A number of investigates have severely 
criticized the Ahlfeld concept of prenatal 
breathing movements Walz (1922) attrib- 
uted these objections to the fact that the 
initial statement of Ahlfeld’s view was un- 
favorably received by the two leading obste- 
tricians of Germany at the time, and that the 
weight of authority long kept this phe- 
nomenon from being correctly evaluated It 
should be noted, howevei, that Huggett 
(1930), in an experimental study of fetal 
respiratory reflexes previously referred to, 
says* “The exact mechanism suggested by 
Ahlfeld is not in every sense confirmed ” 

A good many speculations have been made 
as to the causes involved in the first intake 
of air breath* As noted above, many students 
have held that the increase of metabolites, 
and especially of carbon dioxide tension m 


the blood, is one of the essential causes of 
the first gasp (Corey, 1931) Cohnstem and 
Zuntz (1884) observed that in a fetal lamb 
clamping of the umbilical cord led to the first 
intake of an Carmichael has noticed this 
same result m fetal cats, rats, and guinea 
pigs Indeed, the piocedure of clamping the 
umbilical coid to study the effect of the blood 
stimulus on general bodily movements has 
been part of the experimental technique of 
several investigators and notably so of Swen- 
son (1926) m his study of the fetal rat 
Angulo y Gonzalez (1933b) reports that m 
fetuses of 19 postinsemination days m which 
tactile stimulation of the hindleg aroused no 
response there was immediate response after 
ligation of the umbilical cord The general 
result of this piocedure seems to be an in- 
crease m amount and vividness of activity 
for a time Pfluger (1877), however, held 
that some external stimulus, such as cold 
air, was necessary besides blood change to 
bring about the first breathing act (cf Hug- 
gett, 1930) Preyer (1885) also suggested a 
relationship between cutaneous stimulation 
of some soit and the onset of breathing 
Corey (1931) holds that an increase in the 
metabolites of the blood stream and some 
external stimulus, such as drying of the skin, 
seem usually to be antecedent to the initial 
respiratory gasp It is suggested by Fender, 
Neff, and Bmger (1946) that asphyxia neo- 
natorum may play some part m the develop- 
ment of certain cases of epilepsy m human 
beings For a general consideration of this 
problem see Wmdle (1950) 

Goodlm (1965) has studied the factors 
associated with breathing m fetal rabbits m 
an incubator These studies seem to indicate 
that external stimuli are not alone responsible 
for the first breath It is interesting that these 
studies show that the smallei fetuses of the 
litter have the best breathing recoid 

Snyder and Rosenfeld (1937) have made 
direct studies of the onest of respiratory 
movements They have studied the fetuses of 
the cat, rabbit, guinea pig, and man Rhyth- 
mic respiratory movements aie initiated m all 
these types m the uterus Oxygen and car- 
bon dioxide affect fetal breathing movements, 
a certain level of carbon dioxide, for example, 
is essential to the maintenance of fetal res- 
piration 

Wmdle, Monmer, and Steele (1938) and 
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Abel and Wmdle (1939) show that theie 
aie no respnatoiy movements m cat fetuses 
less than 13 mm in length Biit m the middle 
third of the gestation penod delicate and 
lapid lhythms of lespnation may begin Un- 
dei certain conditions caibon dioxide bieathed 
m by the mother staits such movements 
Theie is no significant mciease m blood 
volume at buth in the pulmonaiy system 
Theie is a cn dilation m the lungs diu mg the 
last pait of piegnancy capable of caung foi 
oxygenation when an breathing is estab- 
lished Foi a moie detailed consideiation of 
the blood gases of the cat fetus, see Steele 
and Windle (1939), and foi a consideiation 
of the physiology and anatomy of the lespna- 
toiy system m the fetus and newborn infant, 
see Windle (1941b) See also Potter and 
Bohlander (1941), Whitehead, Wmdle, and 
Beckei (1942), and Zettleman (1946) 

Besides “breathing movements” theie aie 
other movements of the fetus which aie m- 
duectly significant m behavioi The move 
ments of the organs of the digestive tiact as 
seen m fetal oiganisms have been studied bv 
a number of investigators Yanase (1907a, 
1907b) has studied peristaltic intestinal 
movements in fetal guinea pigs, cats, labbits, 
and men As a lesult of these studies, he 
concludes that penstaltic movements mav be- 
gin long befoie buth The status of gastroin- 
testinal activity in utero has also been stud- 
ied, especially m the cat and guinea pig, by 
Beckei, Wmdle, Barth, and Schulz (1940), 
Becker (1941), and Becker and Wmdle 
(1941) In man such movements aie possible 
m the seventh week So far as hunger con- 
tiactions aie concerned, Patteison (1914) 
has shown that hunger contractions aie pi ac- 
tually continuous m young dogs As age 
advances these contractions deciease m mag- 
nitude Carlson and Gmsburg (1915), woik- 
mg on fetal dogs and newborn childien, have 
written “The empty stomach at birth and in 
the prematurely bom exhibits the typical pe- 
nods of tonus and hungei conti actions of the 
adult, the only difference between infant and 
adult being the greatei frequency and rela- 
tively gi eater vigoi of these periods m the 
voung ” Foi other aspects of the function of 
the stomach before buth, see Sutherland 
(1921) 

Certainly, in view of the large amount of 
work on the “hunger drive” as a determmei 


of activity, pait of which is summarized 
by Waiden (1931), the possibility that these 
stomach and intestinal contractions are 
stimuli to “random” and “spontaneous” skele- 
tal muscle movement, and indeed to much 
of the behavioi of the premature oi full-term 
infant, cannot be neglected by one who 
would undei stand fetal behavior Such be- 
havior initiated by internal stimulation may 
well be consideied meiely the setting into 
action of mboin neural mechanisms In this 
connection, see De Snoo (1937) and Sontag, 
(1941) 

Excretion of mine by the human fetus is 
well established Fetal urine is the source of 
part of the amnionic fluid (Pottei, 1961) 

The question has often been raised as to 
whethei gi oss external fetal movements of 
the various sorts consideied above have any 
part m the rearrangement of the fetus m the 
uterus m the nonnal position for deliveiy at 
birth As so often happens when a phenome- 
non is difficult to explain, it has been alleged 
that the position of the fetus is governed bv 
instinct (Dubois, 1833) Mechanical and 
physical explanations have been advanced by 
Paramore (1909), Barnum (1915), Griffith 
(1915), Mcllroy and Leverkus (1924), and 
otheis Possibly it may be said that no abso- 
lutely positive pi oof has been advanced to 
show that active fetal movements are essen- 
tial m deteimimng the noimal position of 
the fetus at the time of deliveiy Langiedei 
(1949a, 1949b) has considered the postuie 
of the fetus m i elation to fetal reflexes and 
position at birth 

It seems mcieasmgly clear that fetal atti- 
tude or posture, however, is a lesult of fetal 
movements in the late fetal penod The nor- 
mal attitude of moderate flexion of the spine 
with limbs well flexed and close to the body 
may be changed by vigoi ous kicks of the legs 
or by the umbilical coid becoming wound 
aiound the neck and othei anomalies (Bar- 
nett and Nairn, 1965) 

In the study of the changes of fetal posi- 
tion befoie birth, much has been learned by 
the use of the X-i ay Avery (1928) attempted 
to study the changes in position of guinea 
pigs by the use of loentgenograms This work 
of Avery’s was dnectly adapted from human 
clinical procedures used in the study of the 
fetus The use of the X-ray m the study of 
the fetus has given a new clue to the deter- 
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mmation of the fetal age by the study of the 
ossification of the fetal skeleton, although it 
is by no means an absolute clue Hess (1918) 
has brought together much of the literature 
on this subject and suggests approximate 
norms of ossification at certam periods (See 
also Mall, 1906, and Adair, 1918 ) The study 
by Rudolph and Ivy (1933) on the rotation 
of the fetal head shows that uterine contrac- 
tions and the movement of the fetus both 
contribute to this change m posture Danforth 
and Ivy (1938) have shown that uterine ac- 
tivity is m pait at any rate a function of cal- 
cium Augmentation of uterine activity is 
brought about by increasing the calcium pres- 
ent, by decreasing the calcium the action is 
depressed In this connection it is intei estmg 
to note that Good (1924) has shown that a 
patient may have the spinal cord completely 
severed and still give birth to a baby normally 
and painlessly 

A phenomenon of prenatal and immedi- 
ately postnatal behavior which has long at- 
tracted attention is the fiist cry of the human 
organism Kant (1799) found significance m 
the first sound uttered by the human infant 
Preyei ( 1893) , indeed, qoutes Kant as saying 

The outcry that is heard fiom a child 
scarcely born has not the tone of lamentation, 
but of indignation and of aroused wrath, not 
because anything gives him pain, but because 
something fiets him, presumably because he 
wants to move, and feels his inability to do 
it as a fettei that deprives him of his freedom 

Both Pieyei (1893) and Compayr6 (1896) 
have pointed out the futility of such verbal 
fancies Such speculation, howevei, is not as 
yet entirely dead An analytical psychiatrist 
who is quoted by Blanton (1917) has written 
of the cry of the human infant at birth “It 
is an expression of its overwhelming sense of 
inferiority on thus suddenly being confronted 
by reality, without ever having had to deal 
with its problems ” By opeiative technique 
Minkowski (1922) has found that ciying oc- 
curs as early as the sixth month m the pre- 
maturely deliveied fetus In clinical practice 
many cases of vagitus utennus , oi fetal crying, 
have been leported A typical case is that re- 
ported by M Graham (1919), m which m a 
difficult delivery, the fetal sac having been 


ruptured by operative means to assist deliv- 
ery, the crying of the still unborn fetus 
could be distinctly heard Many such cases 
are leported, but they need not be reviewed 
here (See also Feldman, 1920 ) 

All cases of fetal crying reported above 
seem to be the result of appropriately acti- 
vated muscles, which bung about the ex- 
pulsion of an in such a way as to cause it 
to vibiate There seems to be no reason to 
assume that this phonation has any greater 
mechanistic significance than many of the 
other landom acts of the child It catches the 
notice of the observer, however, because from 
such behavioi language develops m later life 
This function is, of couise, one of the most 
important aspects of adult human behavior, 
and an aspect which will in itself come to 
be, at least m the subvocal stage of ‘Verbal 
thought,” peculiarly important even in strictly 
introspective psychology 

Fetal hiccup has also been reported by a 
number of observeis These cases are sum- 
manzed by DeLee (1928) See also a study 
by Norman (1942) 

Recently an effort has been made to pre- 
dict postnatal development fiom fetal activity 
Thirty-five women recorded felt movements 
during the last thiee months of pregnancy 
These babies aftei birth were tested on the 
Gessell Developmental Schedule at 12, 24, 
and 36 weeks Total fetal activity correlated 
significantly with some Gessell scoies At 36 
weeks, for example, all correlations between 
fetal activity and motor, language, and ‘'total 
Gessell scores” were significant (Walters, 
1965) 

Two types of fetal crying have been re- 
ported One is a soft whimpei early m labor 
and the second is loud and gasping and le- 
lated to fetal asphyxia (Blau, 1965) 

This concludes the consideration of human 
fetal behavior of the sort that can for the 
most part be studied during the noimal couise 
of development In the next pages the study 
of the development of human fetal behavior 
in fetuses removed fiom the uterus before the 
end of the normal term of gestation will be 
consideied The relationship of criteria of 
maturity at birth has been considered (See 
Vincent and Hugon, (1962, and papers in 
Wynn, 1965,) 
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THE STUDY OF BEHAVIOR IN 
OPERATIVELY REMOVED HUMAN 
FETUSES 

Most of the living human fetuses to which 
reference will be made in the next paragraphs 
were 1 emoved while still alive from the mother's 
body because some disease of the mother 
rendered the aitificial termination of preg- 
nancy medically necessary Minkowski's tech- 
nique (1928a) is typical This investigator 
and a collaboiator removed each fetus that 
was to be studied by a Caesarean section, 
usually perfoimmg the operation under a local 
anesthetic The fetus, placenta, and amnion 
were 1 emoved The fetus was then placed m 
a bath of physiological salt solution at normal 
blood temperature This meant that such fe- 
tuses were cut off from their oxygen supply, 
and the movements which resulted must be 
thought of as the movements of increasingly 
asphyxiated organisms This is important m 
the evaluation of the behavioi reported, for, 
as we have pointed out, increased metabolites 
m the blood at first lead to hypei activity and 
then to hypoactivity 

The behavioral development of the human 
fetus as determined m operatively removed 
cases will be considered here m one series 
This has its disadvantages because m certain 
reports estimated age is given, m others only 
measurements are piesented, but certainly 
for an understanding of development it is 
most important to give estimated age The 
wnter has attempted to make a summarizing 
table of human fetal development, but he does 
not feel that such a table gives a correct im- 
pression One who wishes to see this material 
expressed as well as possible in tabular form 
should consult Coghill (1929c) 

The development, then, of human fetal be- 
havior as observed by various investigators m 
relation to estimated postmsemmation age or 
menstrual age may be given as follows 

Fetuses Less than 9 Weeks Old 

In very young human fetuses operatively 
removed from the mother, the first movement 
observed is of the beating heart For several 
centuries there has been a scientific contro- 
versy as to whether the heartbeat is to be 
thought of as primarily determined by direct 
muscle or by neural stimulation It now seems 
that the early embryonic heartbeat must be 
thought of as essentially an independent mus- 


cle contraction (Parker, 1919) Therefore, m 
most of the work on the development of be- 
havior the beating of the heart is not con- 
sidered to mark the onset of “true behavioral 
life" Pfluger (1877) has demonstrated the 
beginning of heartbeat in the fetus as being m 
the third week, that is, in a fetus of approxi- 
mately 4 mm (See also Strassmann, 1903 ) 
For a consideration of the mechanism of 
the initiation of contraction in different parts 
of the heart of a typical vertebrate, see Goss 
(1937, 1938, 1940) and Copenhaver (1939) 
Williams (1931) gives an excellent sum- 
mary of development m this early period The 
germinal stage of the human being may be 
considered to be the first week or two of life 
The third week is thought of as the onset of 
the true embiyomc period At this period the 
medullary groove begins to be formed A 
little later cell structures which make up the 
primitive heart are laid down and, as just 
noted, these cells begin the lifelong beat of 
the heart At about this time, also, cerebral 
and optic vesicles begin to be differentiated 
and limb buds first appear The muscles also 
develop rapidly m fine structure during this 
period 

In the second month there is continued 
morphological growth both in total height 
and weight and m the fine structure of the 
organs of the growing individual Wmdle and 
Fitzgerald (1937) in a paper on the develop- 
ment of the spinal reflex show that all the 
elements needed for a reflex arc in the central 
nervous system are laid down during the sixth 
week but no spmal arcs are complete before 
the eighth week Bolaffio and Artom (1924) 
note m this period that isolated limbs tom 
during delivery can be stimulated directly 
Minkowski (1920b) reports that at the end 
of the second month cutaneous stimulation 
elicits response This finding is not confirmed 
by Bolaffio and Artom (1924) , for they point 
out that at this time the skin is very thm and 
may involve m its stimulation the activation 
of receptors m underlying tissues 

Much is known of the structural and mi- 
nute functional development of the receptors, 
nervous system, and effectois in this as in all 
later embryonic and fetal stages It is not, 
however, until the fetus leaches the length of 
15 mm, or is about 4 weeks old, so far as the 
writer can discover, that any direct statement 
can be made m regard to the activity of any 
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pait of the response mechanism, and this is a 
negative statement In a fetus of this length, 
Minkowski (1928b) lepoits that is was im- 
possible to bring about musculai lesponse 
even to an electnc current of 40 milliampeies 
He made observations on two fetuses of this 
length with the same conclusion 

This finding is not entirely unexpected, 
since Hewer (1927) has shown that histolog- 
ically the musculatuie of the fetus develops 
at uneven rates, the unstrip ed musculature, 
which is the first to develop, being clearly 
foimed in an embiyo 1 mm in length Striped 
musculatuie could not be detected m a fetus 
smaller than 2 5 mm long, and it did not take 
on its definitive characteristics m fetuses less 
than 22 weeks old Special changes of stiuc- 
ture are also noted by this same mvestigatoi 
m regaid to heart musculatuie 

Possibly the youngest human fetus to be 
observed to move is one lepoited by Yanase 
(1907b) m his studies of the development of 
intestinal movement noted above In a fetus 
20 mm long and of an estimated age of 6 
weeks, one movement involving the light arm 
is lather casually noted The next youngest 
human fetus to be leported moving is a fetus 
22 mm long and piobably about 6 weeks old 
described by Stiassmann (1903) m a case of 
extiauterme piegnancy He obseived thiough 
a uipture in the tube wall slow movements, 
backward and forward, of the arms and legs 
of the fetus In evaluating this obseivation it 
should be noted that Strassmann’s lepoit is 
given m such a manner as possibly to lead to 
a questioning of his observations, since ap- 
paiently the fetus was obseived m such a 
way that lhythmic mechanical movement of 
the adult body was possible Certainly all ob- 
servers of fetal behavior have had difficulty 
m deciding whether or not they weie seeing 
something which was not the result of passive 
external mechanical movement It should be 
boine m mind, therefoie, that possibly these 
two earliest observations should be substan- 
tiated befoie they are finally accepted In a 
fetus of 30 mm, or an estimated age of 8 
weeks, Minkowski (1923) observed a worm- 
hke movement of the arms, legs, and trunk 
In Hookers (1939b) descuption of his 
carefully controlled work the statement is 
made that no response to tactile stimulation 
has been observed before the eighth week of 
menstrual age In a 25-mm fetus of a men- 


stiual age of 8 to 8}4 weeks, however, le- 
sponse to tactile stimulation has been re- 
coided This same mvestigatoi has repeated 
this observation on two other fetuses of ap- 
proximately the same age At this stage tactile 
stimulation is effective only m the area ovei 
the mouth and immediately adjacent to that 
supplied by the mandibulai and maxillarv di- 
visions of the fifth nerve Hogg (1941) points 
out that the cutaneous nerves and nerve end- 
ings are very immature when responses are 
first elicited No encapsulated endings are 
seen Excitation is piobably dependent upon 
deformation of the gi owing tips of the fibers 
by displacement of the sui rounding tissue at 
this time, according to this author Stimula- 
tion m this aiea in a fetus of this age led to 
conti action of the long muscles of the body 
and neck to produce body flexion Limb 
gndle muscles related to both upper extremi- 
ties were also activated Rotation of the rump, 
caused by activation of the pelvic girdle 
muscles, was obseived m veiy slight degiee 
Hooker notes that at this period a hair capa- 
ble of exerting a piessuie gi eater than 25 
mg may cause direct mechanical stimulation 
Faiadic stimulation at this time is also effec- 
tive No spontaneous movements were noted 
bv Hooker at oi befoie this age 

Fitzgeiald and Wmdle (1942) leport that 
in a study of 15 fetuses 7 weeks to a little 
over 8 weeks old, fetal movement was seen 
m onlv three organisms These responses 
weie individual reflexes of trunk, arms, oi 
legs when oxygenated blood was still sup- 
plied to them For an excellent summary of 
the early development of human hehavioi, 
see Hookei (1943) 

Fetuses 9 Through 12 Weeks Old 

In a fetus of 35 mm (estimated age 8 or 9 
weeks) Minkowski (1928b) reports muscle 
conti action to galvanic cui rent Minkowski's 
work shows that fetuses of 40 to 50 mm 
(9 to 10 weeks) sometimes still show this 
characteristic muscle lesponse, possibly with- 
out neiual activation The observation coin- 
cides with the observations noted above on 
the fetuses of lowei mammals, m which the 
musculature comes to respond to direct stimu- 
lation before true neuiomuscular action be- 
gins The most elaboiate studies of this sort 
of muscular response have been made by 
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Wintiebert (1904) (See also Minkowski, 
1924 ) 

Among the many significant observations 
that may be made at this penod, it is in- 
teresting to note that the vestibular apparatus 
seems to be anatomically developed to its 
full (Minkowski, 1922) 

A fetus of 42 mm was removed undei 
operation by Woyciechowski (1928) to in- 
terrupt a pathological pregnancy At the 
operation a mass was removed from the 
uterus As soon as the mass was taken out, 
a fetus of 42 mm dropped fiom the excised 
sphere of tissue This fetus, estimated by 
the operatoi to be of approximately 2 months’ 
gestation age, was seen to move both arms 
and legs spontaneously When it was touched 
by a finger an eneigetic “pi otective move- 
ment” began which involved a much stronger 
moving of the arms and hands and the open- 
ing of the mouth The obseivations made 
upon the movement of this fetus weie 
checked by another obseiver In spite of 
cooling, the movements of the fetus lasted 
in an active form foi more than 5 minutes 
In fetuses of the 9- to 10-week age period, 
Minkowski (1921b, 1922) noticed slow, 
asymmetrical, arrhythmic, noncooi dmated 
movements He also noted (1922) that at 
this time neurologically the elements of the 
spmal reflex arc aie developed anatomically 
Bolaflio and Artom (1924) studied a fe- 
tus of about this same age They report 
that dropping the fetus from a height of 
a few centimeters to a table led to active con- 
tractions of the flexor muscles of the limbs 
Further, they noted that tapping the table 
lightly with the fingers elicited lesponses of 
energetic movements involving the elevation 
of the scapulas, movement of the arms, and 
flexion of the thighs and legs These move- 
ments were elicited for about 3 minutes, after 
which they rapidly diminished m intensity 
and ceased During the active period, stimu- 
lation by a blunt metal rod of the skm of 
the breast and of the abdomen led to no re- 
sponse After the cessation of activity, direct 
brain stimulation led to no muscle response 
In a fetus less than 8 weeks old, Minkow- 
ski (1922) reports that percussion of the 
patellar tendon resulted in contraction of 
the quadriceps muscle. After this contraction 
had taken place, irradiation followed to other 
muscles In this fetus the heartbeat was rela- 


tively constant at 80 beats pei minute, but 
covering the fetus with noimal salt solution 
at 40° C led to an mciease m the beat of 
the heart from a basal beat of 80 to 100 beats 
per minute Extirpation of the cerebral hemis- 
pheres m this fetus did not change the re- 
flexes described Sectioning the medulla just 
above the coid region, however, abolished 
the leflexes due to change m the position of 
the body In a fetus about 9}i weeks old 
Hooker (1944) notes that stretch of limb 
muscles is effective m stimulating proprio- 
ceptive organs and initiating response 

In a fetus about 2 months old, Bolaflio 
and Artom report that stroking and tapping 
elicited slow local contractions of all the 
muscles of the limbs For example, if these 
stimuli were applied to the palm of the hand, 
adduction and internal rotation of the cor- 
responding arm were noted, if to the leg, 
flexion of the conespondmg thigh These in- 
vestigators state, moreover, that mechanical 
stimulation of the cortex in this fetus gave 
a constant movement of elevation of the left 
shoulder, but no contraction of either of the 
lower limbs or of the right shoulder Aftei 
this same fetus was deceiebrated they note 
a greater vividness (vwacita) of the local 
contractions referred to above and the reap- 
pearance of diffusion of movement at a dis- 
tance from the stimuli which had ceased In 
this experiment mechanical stimulation of 
the medulla led to respiratory movements 
They further suggest that even in a fetus of 
this age removal of the cerebral cortex does 
remove some inhibition from the lowei re- 
flexes It is interesting to note that during 
this period the neuial and muscular mechan- 
isms basic to sucking are developed so that 
they may function A study of the evolution 
of this mechanism throughout the rest of the 
fetal penod is instructive For suggestions, 
see Feldman (1920) and, for the latei period, 
Irwin (1930) 

Bolaflio and Artom report m regard to 
another fetus about 2 months of age that 
gentle stimulation of the skm of the whole 
body was followed by no lesponse, but per- 
cussion led to definite responses Definite 
percussion blows on the forearm sometimes 
led to flexion, adduction, and slight internal 
lotation of the arm Percussion on any part 
of the lower limb led to flexion and adduc- 
tion of the thighs with slight flexion of the 



508 LEONARD CARMICHAEL 


legs If the peicussion is rather light, the 
conti actions are limited to the homolateral 
limbs, if somewhat moie eneigetic, contrac- 
tions also of the heterolateial limbs aie le- 
ported Percussion on the breast and abdo- 
men gave homolateial responses about the 
pectoial muscles and bilateral responses 
about the abdominal muscles Hooker (1944) 
leports that in fetuses of about 8 weeks the 
reflexogenous zone of the cutaneous suiface 
of the infant spreads fiom a very localized 
area, including part of the uppei lip and 
the skin about the nostrils, to the whole up- 
per lip, chm, and part of the neck The re- 
sponses made at this time are steieotyped 
and mechanical in nature That the fetuses 
are ready foi such responses is shown by 
Wmdle and Fitzgerald (1937) These work- 
ers demonstrate that the elements of the re- 
flex arc aie laid down by the sixth week 
Spinal cord aics do not seem to be complete 
befoie the eighth week It should be em- 
phasized that Hookei (1944) says m com- 
menting on this stage that "each stimulation 
m the reflexogenous aiea evokes a response 
which, within the limits of ordinary biological 
variation, is identical with every other one 
secured ” 

It is generally thought that even during 
the thud month the cerebral cortex has as 
yet assumed no functions m i elation to the 
geneial bodily activity Bolafflo and Artom, 
however, lepoit that removal of the cortex 
m a fetus of this age seems to lemove inhibi- 
tion from the leflexes of the lower limbs 
This result is difficult foi the writer to in- 
terpret During this penod sucking is theoiet- 
lcally possible, that is, the neuromusculai 
mechanisms necessary to bring about this 
lesponse have piobably already been de- 
termined The reader who wishes a complete 
consideration of this earliest feeding reaction 
of the human individual should lead the spe- 
cific lefeiences given above to this reaction 
and then should lefer to the summaiy of 
the knowledge of the reaction given bv Feld- 
man (1920) (See also Irwin, 1930 ) 

Arshavsky (1959) has pointed out that 
the function of the digestive system at vari- 
ous developmental stages are appropriate to 
the nutritive medium typically available at 
each age He notes that the amnionic fluid 
enters the* mouth and stomach m the fetal 
period. This fetal feeding reaction is con- 


sidered as a necessary piecuisoi to the tak- 
ing of milk in early postnatal life 

After superficial and deep stimulation of 
numerous points on the body of a decere- 
biate fetus of 90 mm, Bolaffio and Artom 
at fiist recorded veiy vivid conti actions of 
appaiently all muscles After about 3 min- 
utes, howevei, the conti actions weie still 
bilateral, but limited now to segments and 
homologous regions of the body As time 
passed, the conti actions became moie and 
more cucumsciibed, and after about 3 min- 
utes they were limited to the muscles cone- 
spondmg to the stimulated point After 15 
minutes every leaction had ceased 

Dunng the third month Minkowski ( 1922, 
1928a) reports labyrinthine reflexes, but 
Bolaffio and Artom (1924), obtaining the 
same lesponses that Minkowski reports, in- 
terpret them rathei as lesponses elicited as 
the lesult of the stimulation of propnoceptois 
m the neck Minkowski (1922) reports ten- 
don leflexes at this age, but Bolaffio and 
Artom do not find them until the sixth month 
Heie once more the decision must be a veiy 
difficult one to make, if the writer may judge 
fiom his own obseivations on mfiahuman fe- 
tuses Stimulation at the locus of a tendon 
may lead to a response, but this may be due 
to seveial possible forms of stimuli, such as 
(1) cutaneous stimulation, (2) duect muscle 
stimulation, or (3) a true tendon-stretch 
muscle stimulation Mere obseivation of the 
lesponse makes very difficult the decision as 
to which of these forms of stimulation has 
been effective Bolaffio and Artom’s careful 
woik, howevei, seems to indicate that at first 
muscle sensitivity dominates when the ten- 
dons aie stimulated, but m later fetuses true 
tendon leflexes begin gradually to anse 

Golubeva, Shuleikma, and Vainshtein 
(1959) have studied the neural basis of the 
development of motoi activity fiom 16J4 to 
29 weeks of gestation Eveiy reaction stud- 
ied such as giasping, sucking, sneezing show 
two phases in development The first is a 
lesponse duectly related to the matuiation 
of local and specific moiphological structuies 
The second phase is that of an adaptive ac- 
tion and is due to the maturation of appropn- 
ate brain centers 

Hooker (1939a), m summarizing devel- 
opment during this period, says that by 9J4 
weeks of menstiual age responses include 
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rotation of rump and body flexion The neck- 
trunk leactions aie usually conti alateral At 
this period "spontaneous” human responses 
were first obseived This same mvestigatoi 
notes that fiom to 12 weeks a "total pat- 
tern” of response is dominant At 11 weeks 
palmar stimulation causes a quick but in- 
complete finger closiue, which maiks the 
onset of the giaspmg leflex Hooker (1938) 
studied the development of this reflex in 
great detail He (1939a) further noted the 
onset of the plantai leflex dui mg this period 
Hooker (1944) also noted that by 11 weeks 
stimulable cutaneous reflexogenous zones 
have spiead over the whole upper extremity, 
and the sole of the foot has also become 
stimulable Patterned eye movements seem 
to begin at this time 

Fetuses 13 through 16 Weeks Old 

By 13 weeks the top and back of the head 
alone remain insensitive (Hooker, 1944) 
Minkowski (1922), studying a fetus m the 
early part of this period (110 mm), lecorded 
the fact that touching the lowei lip or tongue 
with a blunt probe led to a closing of the 
mouth, brought about through the lowering 
and lifting of the jaw He also noticed m the 
same fetus that reflexes of the trunk and 
extiemities were seen prominently, but after 
the transection of the cord in the dorsal 
legion the lower leflexes weie discontinued 
at once This seemed to prove that con- 
duction of activation m this case, at any 
rate, was thiough the coid Aftei this opera- 
tion, moreovei, he noticed that the short 
leflexes lemamed unchanged but were them- 
selves abolished after total extirpation of 
the cord Destiuction of the lumbar and 
sacral coid abolished the hmdlimb reflexes, 
whereas similar destruction of the cervical 
cord abolished those of the forelimbs 

The so-called spontaneous movements ob- 
served by Hooker at 14 weeks include the 
activity of most body parts as well as of 
the "organism as a whole ” For the first time 
these movements, like those at about the 
same period elicited by tactual stimulation, 
may be characterized as "graceful” and deli- 
cate ” Hooker (1944) points out that by this 
period, except for movements of respiration 
and vocalization and the true grasping reflex, 
the fetus already shows most of the responses 
that can be elicited in the neonate 


In a fetus of 135 mm Minkowski (1922) 
notes that a touch on the skin, using a blunt 
stimulus, led to leactions of diveise parts of 
the body Characteristic of such stimulation 
were the flexion of both arms, the repeated 
opening and closing of the mouth, and simul- 
taneous letraction of the head He notes that 
at this stage of fetal development every part 
of the skin can act as a leflexogenous zone 
for vanous reactions These leactions, how- 
ever, tend to spread more or less over the 
entire fetal organism Direct muscle excita- 
bility still remained at this stage 1 hour after 
the cord had been extirpated Total removal 
of the cerebial coitex did not change the 
observable responses noted above Transec- 
tion at the midbiain, however, seemed to 
weaken the responses, although they still con- 
tinued 

In a fetus 160 mm long Minkowski (1922) 
repoits spontaneous dorsal flexion of the great 
toe, although he could secure no direct re- 
sponse to the touch of the sole of the foot 
Distinct contractions of the abdominal walls 
were evoked m this fetus by blushing Touch- 
ing the closed eyelid in this fetus evoked a 
contraction of the orbiculaiis muscle 

Erbkam (1837) repoits a study of a fe- 
tus, accidentally dehvezed, appioximately 
170 mm long He noted the contraction of 
both arms and legs and the movement of the 
head fiom side to side, "as if to breathe” 
In this fetus the heart beat for 10 minutes 
After that time the water in which the fetus 
was lying became cool and the heartbeat be- 
came slowei When moie warm water was 
pouied m, however, the heartbeat became 
lively The eyes of this fetus were closed 
The great physiologist Johnnes Muller saw 
the fetus and agreed with the authoi that it 
was of approximately 4 months* fetal age 

In a fetus of 180 mm Minkowski (1923) 
noted spontaneous movements of all the ex- 
tremities and the head These were noted 
before the umbilical cord was ligated In 
this fetus, touching the sole just at the time 
of delivery led to the dorsal extension of the 
big toe, the Babinski reflex Later the plantar 
flexion followed (1923, 1928a) 

In a fetus 190 mm long Minkowski (1924) 
obtained definite indication of reciprocal mus- 
cle innervation He also reports at this stage 
that diagonal reflexes were established, that 
is, stimulating one foot of the fetus would 
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lead to the movement of the aim on the op- 
posite side In certain instances the stimula- 
tion of the sole of the foot on one side even 
led to the movement of one finger, the little 
finger, on the hand of the opposite side of 
the body These diagonal reflexes aie con- 
sidered by Minkowski (1922) as significant 
m relation to the trotting reflex 

This elaboiately patterned senes of move- 
ments, as has been noted, is an especially 
basic constellation of inborn responses m 
mammalian and also m submammahan verte- 
brates 

During this period the sole of the foot 
leflexes aie thought by Minkowski (1928a) 
to have their connection m the spinal coid 
and the tegmentum In terms of response 
this involves the domination of the response 
of extension over flexion (See also Dewey, 
1935 ) For a photographic sequence of the 
foot reflexes of a 14-week fetus, see Fig 18, 
from Hooker (1939b) Liesch (1946) has 
described the stimulation of mucous mem- 
brane areas and other cutaneous areas in a 
fetus 200 mm m length and of an estimated 
age of 4 months 

Fetuses from 17 Weeks to Normal Birth Time 

In experiments pieviously refened to, Bai- 
croft (1938) has shown that aftei about one- 
thud of the noimal fetal penod has passed 
in the sheep a remaikable change takes place 
At this point the organism, which has alieady 
developed most of the basic patterns of be- 
havior, becomes more quiescent Spontaneous 
movements deciease This is due to the fact 
that at this time a less adequate supply of 
oxygen is provided for the fetal central nei- 
vous system At about the sixteenth week 
Hooker (1944) notes that a similai sluggish- 
ness begins in the human fetus This again 
gives emphasis to the fact that m the studv 
of the fetus positive evidence that such and 
such a response can be elicited is much more 
impoitant than a negative finding when one 
is seeking foi the neurological con elates of 
behavior 

In several fetuses appioximately 200 mm 
long, that is, about 17 weeks old, Minkowski 
found that brushing the sole of the foot led 
to plantar flexion of the toes, except the big 
toe, which did not move This was directly 
related to Minkowski's elaborate study of 
the reflexes of the sole of the foot (See 1922, 


1923, 1928a ) Direct mechanical stimulation 
of the motor loots of the spinal nerve at this 
stage showed that intei segmental spinal con- 
duction is well established (1922) Mechani- 
cal stimulation of the cianial nerves at the 
level of the medulla led to the opening and 
closing of the mouth It is piesumed by 
Minkowski that this reaction resulted fiom 
the direct stimulation of the facial neive At 
this period dnect stimulation of the coitex 
does not lead to response (Bolaffio and Ar- 
tom, 1924), but bieathmg changes do result 
from stimulation of the medulla 

In a fetus of 210 mm Minkowski (1922) 
observed opening and closing of the mouth 
accompanied by arm movements The dura- 
tion of such movements at this penod was 
limited Maximum responsiveness seldom 
lasted more than 1 minute at the most In 
a fetus of 230 mm Minkowski noted for the 
fiist time continued ihythmic contractions of 
the sort often descnbed as Ahlf eld's breath- 
ing movements 

In a fetus of this same length Bolaffio 
and Artom (1924) noted that by employ- 
ing superficial stimulation they were able 
to elicit localized muscular contractions m 
the limbs and other specialized muscle 
groups By using strong and deep stimulation 
on a single segment of one limb, it is possible 
to elicit flexion of the whole contralateial 
limb They also noted that stroking the ridge 
of the tibia gave vivid adduction of the 
homolateral thigh In regaid to the develop- 
ment of coitical dominance at this time it is 
interesting to note that mechanical stimu- 
lation of the Rolan die zone of the biam, 
eithei thiough the cranial cap or after its re- 
moval, did not call forth any reaction Never- 
theless, lemoval of the hemispheres did lead 
to more vivid local l espouses than in preced- 
ing excitations when the brain was intact 
Stroking the pectoral muscles called forth 
adduction of the contralateial limb In this 
case also these investigators reported that, if 
the intensity of the stimuli was increased 
somewhat, they got conti action of the whole 
corresponding limb By stimulating the 
medulla they weie able to call foith violent 
respuatoiy movements with active participa- 
tion of the cervical, thoiacic, and abdominal 
muscles, and those of the diaphragm These 
movements were so violent they also led to 
elevation of the shoulder and adduction of 
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Fig. 18. Response to tactile stimulation of the sole. Probable menstrual age 14 weeks. Stimulation 
was applied by stroking the sole of the right foot with a 2-gram hair ( 1 ) . The response consisted 
of the following elements; (a) Extreme dorsiflexion of the hallux (2 to 4) and “fanning” of the other 
toes (3 to 6). The toes, other than the hallux, ultimately show slight plantar flexion (6 and 7). (b) 
Flexion at the hip (2 to 4), slight flexion at the knee (3 to 5), and slight dorsiflexion of the foot 
(2 to 4). (c) Return to normal posture (5 to 8). (From Hooker, 1939.) 


the arms. It is further significant to realize 
that these investigators found, after repeated 
successive experiments and as the vitality of 
the fetus became less, that the muscular 
contractions disappeared first in the lower 
limbs and then later in the upper limbs. 


In a fetus of 240 mm Krabbe (1912) re- 
ported slow movement of the limbs and 
contraction of the muscles as the result of 
percussion. He also obtained strong abdomi- 
nal reflexes as the result of light blows. The 
plantar reflex occurred without involving the 
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participation of the big toe In the fetus that 
he investigated the heaitbeat was strong 
and he was able to elicit a number of reflexes, 
the abdominal reflex being especially stiong 
The fetus was a female, but he was unable 
to elicit the female cremasteric leflex He 
felt that both bone and tendon reflexes weie 
present and was able to demonstrate that di- 
rect muscle stimulation was possible 

In a fetus of 260 mm Bolaffio and Artom 
(1924) attempted certain specific neuiologi- 
cal experiments By means of appiopnate 
electric stimuli they explored the cortex but 
did not obtain any reaction even with intense 
stimulation By operation the internal capsule 
and peduncles of the biam were exposed, 
but still electric stimulation gave no response 
When they reached the pons, howevei, they 
got ready and synchronous responses from 
the muscles innervated by the facial nerve 
Finally, stimulation of the medulla gave 
energetic respiratory movements Stimulation 
of the cervical coid led to eneigetic move- 
ments of elevation of the shoulder with flex- 
ion of the uppei limbs, and stimulation of the 
lumbai cord gave movements of the lowei 
limbs 

In a fetus 270 mm long Minkowski (1922) 
noted that fiom the first the plantar flexion of 
the toes was present to stimulation of the 
sole of the foot Minkowski is of the opinion 
that at this age the plantar flexion must still 
be considered as a pure spinal reflex 

In a fetus of 280 mm Minkowski was 
able to bung about lather elaborate but 
quite well-diffeientiated muscular lesponses 
to a single electric stimulus For example, 
the muscles of the eyelid could be activated 
with great specificity After exposuie m an 
this fetus is reported to have made faint 
sounds These sounds aie possibly the earliest 
observed in a human organism They may 
be taken by those who are interested in zero 
points as the onset of functional activity in 
the great mechanism which makes human 
speech possible 

In a fetus of the same length Bolaffio 
and Artom (1924) observed that every mus- 
cle leacted even to quite energetic stimula- 
tion, such as percussion, by local contrac- 
tion This specificity is more marked in the 
head region than m the leg legion of the 
fetus Percussion m front of the ear led to 
a movement of closing of the eye with eleva- 


tion of the angle of the mouth and chm 
Stiangely enough, however, it seems that 
the deep reflexes are not easily obtained at 
this age m the arms Stimulation of the legs 
shows that the patellar reflex can be called 
forth bilaterally and the Achilles tendon 
reflex on one side No plantar reflex was 
elicited m one fetus at this age 

In a fetus of 310 mm Bolaffio and Artom 
further repoited the observation of penodic 
lespiration Bieathmg was “by fits and starts ” 
The heaitbeat was regular At this penod 
all the muscles of the limbs can be excited 
one by one with peicussion, obtaining vivid 
leaction Appiopnate local stimulation selves 
to bring out most of the typical peicussion 
reflexes, including minor lesponses of the 
fingers, of the toes, and of the sole of the 
foot The plantar reflex, howevei, and some 
of the others, still seem to be absent 

Generally m the sixth month theie is an 
mci eased tendency of various leceptoi- 
neuromuscular mechanisms to act indepen- 
dently, and this independent conti action is 
part of the greater vividness of response 
which characterizes this period as contrasted 
with earlier periods Bolaffio and Artom find 
in this month for the fiist time tendon reflexes 
which seem to be assuredly not the lesult of 
cutaneous oi muscle stimulation Then judg- 
ment on this matter is based on the facts 
that the specific responses given at this pe- 
riod aie not found befoie this time but con- 
tinue to increase m stiength duiing the later 
fetal periods, and that they aie the same 
lesponses which aie elicited m early infancy 
as time tendon reflexes Dnect stimulation 
of the mouth and tongue at this age elicited 
the sucking reflex, according to Bolaffio and 
Aitom In oldei fetuses stimulation of the lips 
alone leads to sucking movements which may 
oi may not be accompanied by the protru- 
sion of the tongue As noted, Minkowski 
found this ieflex at an eailiei period 

These same investigators, using a slightly 
larger fetus (330 mm), again reported 
superficial respiratory movements These 
breathing reactions ceased after a minute 
or two They reappeared when pressure and 
peicussion of the thorax were used In this 
fetus they noted also that with percussion 
the muscles gave powerful and localized 
contractions The tendon reflexes which 
could be elicited included those of the biceps 
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and triceps and the Achilles reflex Dnect 
stimulation of the cortex still brought no 
lesponse In this fetus it seems that no true 
cutaneous leflexes could be called forth eithei 
befoie 01 aftei the removal of the brain In 
anothei fetus of exactly the same size these 
same investigate! s report that the fetus cued 
weakly and moved about spontaneously but 
with less strong movements than those char- 
acteristic of a fetus at term When death 
seemed imminent m this fetus the top of the 
skull was removed and the cortex directly 
stimulated electrically All the vanous zones 
of the ceiebial coitex were stimulated with 
negative lesults Stimulation of lower bram 
centeis, however, led to specific lesults such 
as increased breathing late, shoulder, arm, 
and finger movements 

Bolaffio and Artom also reported the be- 
havioi of a fetus of 340 mm which ap- 
pealed to be slightly undernourished This 
fetus made weak ciymg sounds and breathed 
weakly After about 2 houis it stopped 
breathing Dm mg the period befoie bieath- 
mg stopped they elicited contractions by 
tapping one by one the muscles and gioups 
of muscles of the body In this specimen by 
stroking the sole of the foot the plantar 
flexion of the tees was bi ought out All these 
reactions became more vivid just befoie the 
death of the fetus This suggests a change 
m the highei brain centeis as a lesult of a 
lack of oxygen 

Certain lesponses noted m the seventh 
month, although definite, nevertheless are 
seen to involve synergic muscle groups 
(Bolaffio and Artom, 1924) This finding 
must be taken into consideiation m evalu- 
ating statements given m regai d to the ran- 
domness of activity m the newborn child 
It mav well be that much of the apparent 
“mass activity” of the newborn child (Irwin 
and Weiss, 1930) is not truly diffuse lesponse 
of the sort found m the early fetus, but 
rather the activation of groups of synergic 
muscles m the sense of the term as used by 
Sherrington and his associates (Creed, 
Denny-Biown, Eccles, Liddell, and Sheinng- 
ton, 1932) Krabbe, Minkowski, and Bolaffio 
and Artom all leport abdominal reflexes at 
this period A number of other specific re- 
flexes are also clearly brought out at this time 
The knee jerk is definitely elicited The 
plantai reflex, according to Minkowski, now 


probably involves not only the centers con- 
cerned dm mg previous months but also pait 
of the lenticulai nucleus and the led nucleus 
Bolaffio and Artom feel that at this period the 
plantar reflex in its typical form is much like 
that of adult life but that it is still much moie 
variable than it will be at a later period 
This leads them to be critical of statistical 
woik on reflexes, such as that of De Angelis 
(1922) (Cf also Cesana, 1911 ) The cor- 
neal reflexes are seen in the seventh month 
Direct stimulation of the cornea of the eye 
leads from this time on to an mcieasmgly 
strong response Deceiebration m this month 
was found to lead to increased vividness of 
most reflexes, but also to a tendency to re- 
flex spread 

In a still larger fetus Bolaffio and Artom 
reported that with slight percussion of all 
the muscles of the limbs they observed 
vivid responses not limited to single mus- 
cles Such responses spread to synergic mus- 
cle groups With peicussion of the pectoial 
muscles they obtained adduction and internal 
rotation of the aim and flexion of the fore- 
arm They obtained bilaterally the patellar 
reflex and an extension of the leg, sometimes 
associated with flexion of the thigh Associ- 
ated with this pattern of response was the 
dorsal flexion of the foot The Achilles tendon 
leflexes, however, were not always obtained 
even m a fetus as old as this one These in- 
vestigators also failed to get abdominal re- 
flexes m fetuses of this age Howevei, the 
slight excitation of the sole called forth a 
definite unified toe phenomenon, and then a 
more enei getic stimulation called forth flexion 
of the toes The sucking reflex was secured 
only by stimulating the tongue They re- 
ported that the movement of giaspmg which 
they got by applying pressure to the palms 
of the hand was energetic These same in- 
vestigators ieported that from the seventh 
month to birth they investigated 13 fetuses 
of 7 months, 3 of 8 months, and a large num- 
ber of mature fetuses In this study they have 
not considered piotocols of any fetuses which, 
because of condition of nutrition or on ac- 
count of the presence of disease, did not 
present normal situations They assert that 
from the end of the sixth month the move- 
ments of the fetus became so powerful and 
complex as to render very difficult and some- 
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times impossible detailed and specific tepoit 
of behavior 

During the last two months of piegnancy 
the muscular reflexes decreasmgly tend to 
prevail ovei the tendon reflexes, according 
to Bolaflio and Artom By the end of the 
ninth month the tendon reflexes aie so well 
established that they prevail over special 
muscular leflexes All the tendon leflexes 
are found to be present during this period 
of fetal life, with the exception of those of 
certain of the upper limbs which are elicited 
with difficulty because of the small size of 
the member Contralateral adductor reflexes 
are sometimes called out in this penod Even 
in the fetuses nearest teim, the ciemastenc 
reflex was difficult to elicit (Bolaflio and 
Aitom, 1924) 

At any prenatal age, including this last 
period, however, it is noticed that very light 
stimulation of the hand gives variable and 
inconstant movements, whereas stiong stimu- 
lation, possibly involving the muscle or othei 
underlying tissue, leads uniformly to grasp- 
ing (Bolaflio and Artom, 1924) Bolaflio 
and Artom, theiefore, believe that the giasp- 
mg reflex is not to be thought of as a purely 
cutaneous leflex m prenatal life Minkowski 
(1928a) finds tins reflex at an earlier penod 
Ins reflexes aie piesent during the prenatal 
penod (Bolaflio and Aitom, 1924) The le- 
action of the iris, however, is slow, and very 
strong light is needed to call out the lesponse 
(See also Minkowski, 1928a ) It is difficult 
to say when the response would begin if 
stimuli as strong as direct sunlight could al- 
ways be used Bolaflio and Aitom do not note 
the fact, but it seems obvious that, with such 
strong stimulation as they recommend, the 
danger of independent muscle effectoi action 
of the sort described by Parker (1919) must 
be guarded against 

There is some evidence that the cerebial 
cortex is directly stimulable at this period, 
although as yet the evidence is not conclusive 
(Bolaflio and Artom, 1924), as will be 
pointed out latei m consideimg the possibil- 
ity of fetal learning 

General Characteristics of Fetal Behavior 

It is possible to add to this consideration 
of month-by-month fetal development some 
general statements that have been made by 
those who have been most directly concerned 


m these investigations Thus Minkowski holds 
that one may say that every part of the skm 
can, as its receptivity is progressively estab- 
lished, serve as a reflexogenous zone for quite 
variable reactions which tend to spread 
more oi less ovei the whole fetal oigamsm 
In the whole developmental process the 
giadual acquisition of postuial lesponses 
and muscle tone is peculiaily important The 
development of these responses will be con- 
sidered m the section in which the origin 
and development of the proprioceptive and 
static senses are discussed Minkowski offeis 
in part explanation of the spread of reflexes 
dm mg the early periods the fact that the 
spinal cord tiacts as well as the neive tiunks 
have no medullary sheaths before the fourth 
month of fetal life Illustrations of Minkow- 
ski’s anatomical woik on the neivous system 
are given m seveial places (1921a, 1928a) 
Theie is a suggestion that from this time on 
there is an anatomical increase m specificity 
correlated with the differentiation of the ner- 
vous elements m ways possibly lvolvmg the 
nature of protoplasm, neuiofibrils, medullaiy 
sheaths, synapses, long conduction paths, and 
other cell changes (Minkowski, 1922) These 
gradual alteiations m the neivous system, 
it is suggested, lead progressively to the pos- 
sibility of more and more cncumscribed and 
definite lesponse Compared with the diffuse 
charactei of early fetal response, therefoie, 
m the late fetus, Minkowski (1920a) feels 
that all the well-known special leflexes have 
more or less been established The preceding 
discussion, however, has shown that the pio- 
cess of development of these leflexes is a 
complex one and that latei m adult life in- 
jury to the nervous system may bung about 
i © actions which weie chaiactenstic of a pre- 
vious penod, even of a fetal penod (Min- 
kowski, 1922) Foi the historical breaking 
of ground in this connection, see H Jack- 
son's essay (1884) on the evolution and dis- 
solution of the neivous system Foi a con- 
sideiation of the psychological development of 
the fetus see Minkowski (1947-1948; 1962) 
It must be impossible to lead what has 
gone befoie m this chaptei without leahzmg 
that theie is a general lelationship m se- 
quence of development of behavioral ca- 
pacities fiom fish to man It must be noted, 
however, that there aie peculiar dangeis m 
geneializing from, for example, the amphibian 
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development of behavioi, or even the rodent 
or cat development of behavioi, to the 
growth of adaptive actions in man For ex- 
ample, it has been shown clearly that m fish, 
amphibians, and lowei mammals the fust 
responses involve a unilateral bending of the 
trunk This stage may or may not exist m the 
human individual, but at any rate no ob- 
servations have so far been made m which 
trunk movements unaccompanied by aim 
movements are obseived m early fetuses. 

The basic pattern foi the development 
of locomotion and othei "individuated” re- 
sponses, as suggested by Coghill and his 
students, may be seen in a less typical form 
m human development than might be sup- 
posed, although Coghill (1929c) himself has 
called attention to the attractive possibilities 
of the analogy Little evidence of rhythm m 
the limbs of the human fetus has been de- 
termined It may well be, therefore, that lo- 
comotorlike movements of the limbs do not 
appeal until veiy late in the human fetal 
period Windle and Griffin (1931) have 
summarized this compaiative evidence, and 
they suggest that the movements observed 
m the kitten fetuses with which they have 
worked possibly should not be compared 
directly to human fetal movements because 
of the differences between the two m the 
type of adult locomotion In a similar way 
the locomotoi mechanisms m fish and am- 
phibians which require a high degiee of 
trunk-muscle integration may be difficult to 
compare with the conditions obtaining in a 
mammal that stands erect 

Too much emphasis cannot be placed upon 
the fact that easy geneializations, such as 
the assertion that all behavioral development 
occurs from a geneiahzed total pattern of 
the organism to the specific responses of 
adult life, must be taken with great caution 
While this description may be true in many 
respects, particularly if the word "pattern” 
is given an unambiguous meaning, it seems 
ceitam on the basis of the specific responses 
considered above that it cannot be indis- 
criminately applied Before generalizations 
can be made with assurance, there must be 
a large amount of accurate measurement and 
the determination of a series of statistical 
norms m regard to the development of each 
of the specific developmental stages m each 
form considered Typical t cross sections m 


development in every form and m all re- 
sponses fiom significant receptoi surfaces 
must be considered before such a generaliza- 
tion can be made Certainly the late fetus 
has an elaborately organized and m some 
respects quite specific response mechanism 
To some stimuli the relatively early fetus 
makes quite definite responses 

It seems hard to believe that anyone who 
knows anything of the structure and function 
of the tracts and centers of the cential ner- 
vous system can read the report of fetal 
activity at vanous developmental levels given 
above and still feel that theie is much to be 
gamed by saying that before birth the or- 
ganism reacts as a whole, as certain psycholo- 
gists, possibly under the influence of one 
form of the Gestalttheone , have suggested 
Much of the nervous system may, m some 
sense, be involved in any partial activity of 
the system, but this does not mean that the 
system is not m many respects sharply dif- 
ferentiated Certain essential relationships 
between diffuseness and specificity and be- 
tween individuation and integiation of be- 
havior will become clearer after the parts 
played by the specific senses m fetal life have 
been, considered 

The account presented above fiorn the 
reports of several investigators gives a pic- 
tuie of the development of behavior m hu- 
man fetal oiganisms of estimated ages No 
effort has been made to include all known 
published accounts of fetuses but only those 
in which behavior significant for the general 
problem of this chaptei was noted Minkow- 
ski (1923) refers to at least 11 fetuses not 
considered heie m which primal lly the only 
leflexes studied were those released by stim- 
ulation of the sole of the foot In the study 
of this response Bersot (1918, 1919, 1920, 
1921) has also considered fetal activity m 
detail m i elation to a study of the develop- 
ment of the clinically significant plantar re- 
flex This same response has been considered 
fiom a scientific and theoretical point of 
view by Feldman (1922) and by Minkowski 
(1926) in woik that has been referred to 
above For an account of a fetus investigated 
by Wmterstein, see Minkowski (1928a) 

Hookei has given permission to refer to 
his Preliminary Atlas of Early Human Fetal 
Activity (1939b), which was issued foi re- 
started use only Reference previously has 
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been made to this woik, but the author 
wishes to call special attention to it because 
it contains very beautiful repioductions of 
photographs of human fetal matenal 8 % to 
14 weeks of menstiual age A careful study 
of this atlas may give a more adequate pic- 
ture of eaily human fetal behavioi than any 
other single refeience known to the present 
authoi Milner (1967) has presented an out- 
line of pattern of pienatal neural and be- 
havioral development that should be con- 
sulted m this connection 

THE SPECIAL SENSES IN HUMAN 
PRENATAL LIFE 

Historically theie has been much specu- 
lation in regai d to the role of the senses 
before bn th In earliei psychology these 
speculations centeied largely about the ques- 
tion of whether or not some sort of dim 
conscious awaieness exists m the infant be- 
fore bnth Moie recently this essentially non- 
expenmental question has given place to one 
that mav be studied The question now asked 
is How and when does the stimulus control 
of fetal behavior determined by the activa- 
tion of the vanous receptoi systems begin 
befoie birth, and how do behavioi capacities 
develop' 1 Objective techniques foi study of 
the senses in the piematuie oi newborn in- 
fant have been devised, of which those of 
Canestnni (1913) and A P Weiss (1929) 
are significant examples These techniques 
have not only made quantitative study of the 
senses possible in a new way, but they have 
also added to the geneial knowledge of the 
pait that stimulation plays in the subtle al- 
terations of bodilv activity In this chapter, 
therefore, the vanous specific senses will be 
consideied m turn in relation to fetal be- 
havioral oi mental life when such behavioral 
oi mental life is consideied as including not 
onlv expenence but also specific leceptor- 
controlled behavior 

After each of the senses has been tieated, 
some geneializations will be made by the 
authoi on the significance for psychology of 
leceptor-aroused activity m the fetus The 
reader should be lemmded that the material 
presented above on the development of the 
senses in lower animals and especially the 
elaboiate work on the guinea pig has much 
relevance in a consideration of the growth 


of the human senses In this section, however, 
the whole emphasis is placed upon human 
development except where specific reference 
to mfrahuman forms is considered necessary 
for stuctly compaiative purposes Of all the 
traditional topics of scientific psychology, it 
seems that peiception may have most to learn 
from a pioper compaiative study of fetal and 
neonatal senses 

Perception 

In the study of perception there has been 
a long debate between those who believe m 
nativism (the idea that ability to perceive 
space, movement, time, objects, and i elated 
aspects of the "external world” is inborn and 
not dependent on individual experience) 
and empiricism (the idea that such percep- 
tions ongmate m individual experience or 
learning) Modern study of leceptor mech- 
anisms shows m detail how external environ- 
mental eneigies activate sense organs This 
activation leads to the release of coded im- 
pulses m the sensoiy neives associated with 
such receptors Coded messages then pass 
into the central nervous system and initiate 
other coded piocesses which ultimately, in 
typical cases, lead to adaptive adjustment 
on the pait of the total oiganism by activat- 
ing its appropnate eflFectoi organs The point 
to emphasize here is that the effect of the 
envnonment on the organism is transfoimed 
into coded information m the leceptois and 
m sensory or afferent neurons Broadbent 
and others (1961) present a good case for 
preferring the language of mfoimation flow 
to that of stimulus and response in his con- 
sideration of human peiception and animal 
learning As mentioned elsewhere m this 
chapter, adaptive or even maladaptive re- 
lationships to its environment may thus be 
thought of as a lesult of musculai or glandu- 
lar response to coded mfoimation about the 
exteinal world Perception thus can be 
viewed as a lesult of neuial (including neuro- 
chemical) activity which was started bv 
coded inputs The central neuial processes 
(molar or molecular) which are involved in 
this activity aie a result of the evolutionaiy 
processes that have led to the ongm of the 
species in question and thus make the adap- 
tation of that species to its environment pos- 
sible Present behavior of the sort involved 
m perception thus paitly depends on molar 
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or moleculai mechanisms that aie genetically 
determined Specific lesponses of each in- 
dividual at ceitam ontogenetic stages lead, 
as a lesult of learning, to specific perceptual 
responses that aie empmcally acquned 

The old aiguments between suppoiteis of 
nativism and empiricism weie largely dis- 
cussed before some of these modem facts 
about the physiology of the sense organs 
and the neivous system were known It is 
not by accident that the man who is some- 
times called the fiist modem physiologist, 
Johannes Mullei, is generally consideied as 
having “given formal status to the nativistic 
theory m 1826” (Bonng, 1942) Muller and 
Sir Charles Bell (Caimichael, 1926a) aie 
properly consideied as the scientists fiist to 
explain the phenomena basic to the idea of 
the so-called “specific eneigies of nerves ” 
This view of neuial action is the piecursor 
of our modem knowledge about coded sen- 
sory inputs As Bailow (1961) well says, 
“There are two encouraging lesults of con- 
sidering the operation of the sensory side of 
the nervous svstem as a leversible codei foi 
removing ledundancy One is that this is a 
subdivisible operation and so could be 
brought about by the laige number of semi- 
mdependent units which appear to make up 
the central nervous svstem, the othei is that 
mental acts, when bioken down in this wav, 
may be i educed to a level of simplicity which 
can be undei stood and investigated by the 
physiologist " 

Aiguments about nativism and empmcism 
in perception, howevei, aie bv no means all 
histoiy Some of the modern woik m this field 
shows the great importance of a study of fetal 
and newborn oiganisms m undei standing the 
psychology of the newborn and indeed the 
adult human individual, Bishop Beikeley, m 
his famous An Essay T owards A New Theory 
of Vision (1709), is geneially ci edited with 
establishing the view that peiception (such 
as that of visual space) is dependent not only 
on the eyes but also on touch Beikelev’s view 
is well summarized by Fastore (1965) Beik- 
eley, as noted by Pastoie, asserted, "Consider, 
for example, a globe as the first object withm 
reach of an infant The visual sensation is a 
ceitam gradation of colors m the same plane 
, in conjunction with that sensation, the 
infant extends his arms and feels the rotun- 
dity of the globe After many trials, the visual 


sensation selves as a sign (oi suggests) the 
tactual idea of palpation of the globe The 
infant will thus have the peiception of sohdztv 
even when touch is prevented ” 

This empmcjstic oi "learning theory” of 
the visual perception of space has had many 
pioponents down to the piesent day But as 
Pastoie has clearly shown, it was essentially 
dispioved moie than a century ago by Samuel 
Bailey (1842, 1855) Bailey pointed out that 
the behavioi of newborn mammals offeis abet- 
tei test of Beikeley’s theoiy than does a study 
of die newborn human infant Bailey (as 
paraphiased by Pastore) says, "The infant, in 
being bom 'helpless' does not have the nec- 
essary 'organic maturity' of senses and limbs 
their development is one of 'giadual giowth 
Bailey then goes on to discuss the fact that 
animals born or hatched m a relatively matuie 
state (in the teimmology of this chaptei, 
"precocious” animals) have essentially identi- 
cal optical stiuctuies with those of man 
Bailey then fuithei points out that immedi- 
ately aftei birth, such precocious animals can 
lun about, snatch at objects and leap fiom 
one spot to anothei with the greatest precision 
and without learning 

The piesent authoi has made many similai 
obseivations on newborn mammals A new- 
born giraffe, for example, a few minutes after 
birth, can, without any tnal and error, visually 
localize a sound at a distance and show other 
types of immediate adaptive visual perception 
(Carmichael, 1957) The admirable expen- 
mental woik of Eleanor J Gibson and hei 
associates (1960) on the visual cliff conti lb- 
utes veiv impoitant evidence on the matter 
She says, "Fiom oui first few years of woik 
with the visual cliff we are ready to ventuie 
the lather broad conclusion that a seeing ani- 
mal will be able to disci lmmate depth when 
its locomotion is adequate even when loco- 
motion begins at birth (See also T Gibson, 
1958 ) 

The piesent author's work on the develop- 
ment of "local sign” in the tactual peiception 
of space in fetal animals similai ly points to 
the conectness of a nativistic view of peicep- 
tion (Carmichael, 1961) 

Before leaving the early woik of Bailey and 
his refutation of Beikeley and the other oldei 
empiricists, it is intei estmg to note that John 
Stuait Mill went out of his way to attack 
Bailey foi an odd but possibly significant 
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reason Mill was a social reformer as well as 
a gieat psychologist and economist He wrote 
in relation to Bailey’s woik and that of an- 
other nativist, Sir William Hamilton, “ the 
prevailing tendency to regard all marked dis- 
tinctions of human character as innate, and in 
the mam indelible is one of the chief 
hindrances to the rational treatment of gieat 
social questions and one of the greatest stum- 
bling blocks to human improvement” (quoted 
by Pastore fiom Mill’s autobiogiaphy) 

In the present author’s opinion the last 
word on this socially important question has 
not been written but the work of Bailey each 
year seems more surely correct A rational 
consideration of what is really innate m hu- 
man nature, with all its implications for "the 
rational treatment of great social questions,” 
still needs active study 

The Cutaneous Receptors 

In a consideration of the senses of touch, 
an effort is made to suggest such differences 
as have been noted m fetal life between 
light and deep pressure, temperature, and 
cutaneous pam The development of skm m 
the human fetus has been anatomically de- 
scribed by a number of wnteis This work is 
summarized by Feldman (1920) In appeal - 
ance the skm of the late fetus or early pre- 
mature infant is very red, owing to the visi- 
bility of the vascular system just beneath it 
At 2 or 3 months before birth the skm is still 
quite thin and is covered with lanugo hairs , 
which apppear at about the fifth month of 
pregnancy The skm of the fetus dunng mid- 
pregnancy is typically much wrinkled, because 
of the comparative absence of subcutaneous 
fat The han on the scalp at this penod is 
short and pooily pigmented The nails grow 
gradually during late fetal life (Hess, 1922) 

There has been much speculation on the 
skm as a sensory surface dunng the utenne 
life of the fetus Cabanis is quoted by Genz- 
mer (1882) as holding the skm to be a pe- 
culiarly important receptor field at this penod 
Bichat (1827) and Magendie, as noted above, 
discussed the skm sensibility of the fetus 
Some casual observations aie also reported m 
relation to the material summarized previously 
m this chapter concerning the possibility of 
stimulating the fetus by pressing on the ab- 
dominal wall of the mother Of couise, stim- 
ulation of this sort may well activate the deep- 


lying proprioceptors as well as the true tactile 
receptors In the leview of the literature in 
the experimental study of the development of 
fetal behavior in infrahuman organisms, many 
references have alieady been made to tactual 
stimulation In the human field alone, Min- 
kowski, Bolaffio and Artom, Krabbe, Hooker, 
and others have consideied fetal responses 
that are released by cutaneous stimulation as 
indicated above Hooker has been especially 
careful to use quantified stimuli The part 
played by the sense of touch m animals and 
man m discrimination and even in responses 
of equilibration is considered by Kidd (1907) 
A. Pressure In summarizing the work that 
has been done on human and mfrahuman 
fetuses, the following factors may possibly be 
isolated as important m a consideration of the 
piessure sense before birth 

I. Place Stimulated . In general, cutaneous 
sensitivity seems to begin m the oral-nasal 
region, that is, the region involving the 1 mu- 
cous membrane of the nostrils and the red of 
the lips (Genzmei, 1882, Wmdle and Griffin, 
1931, Hooker, 1944) In rodents the pads of 
the vibnssae also very early become sensitive 
(Lane, 1917, Raney and Carmichael, 1934, 
Carmichael, 1934a), and m many animals 
the regions about the eyes and the openings 
of the ears are also very early sensitive, as is 
the anal region (Coromos, 1931) In the hu- 
' man infant Kussmaul (1859) found the eye- 
lashes very sensitive, but this was not con- 
finned by Genzmer ( 1882) Most studies seem 
to suggest that, with individual variations, 
skm sensitivity develops by spreading out 
over the face region and then piogressively 
over the surface of the body In this develop- 
ment m certain organisms, such as the toad- 
fish, the salamander, the rat, and the cat, a 
fairly well-worked-out couise of temporal dif- 
ference m the arrival of sensitivity in mcieas- 
mgly caudal segments of the body may be 
observed In animals with tails this even goes 
on out to the end of the tail 
In this general course of development, 
however, certain exceptions have been seen, 
as noted above by the writer in a study of the 
development of the receptive zones of the 
fetal guinea pig Sensory development m gen- 
eral has been treated by Minkowski and other 
investigators as the spreading of what they 
have termed reflexogenous zones This term 
has much to recommend it because at present 
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almost the only method used in the study of 
fetal sensory capacity on the skm is the lecog- 
nition of behavior correlated with the ex- 
perimental stimulation Wmdle and Griffin 
(1931) suggest m general that motility pre- 
cedes the ability of a part to be stimulated 
In his consideration of the ‘reflex circle,” 
Holt (1931) has suggested the large part that 
self-stimulation may possibly play m the de- 
velopment of specific forms of behavior as 
organisms develop Certainly no one who has 
watched an active mammalian fetus can help 
being struck by the fact that m its movements 
it stimulates almost its entire body surface by 
its own moving paws and head It is peculiarly 
striking to watch a 48-day guinea pig fetus, 
for example, stimulate its head and face by 
appiopi lately cupped “hands” These sciub- 
bmg movements, performed not once but ovei 
and over again, are such that the suiface 
must certainly be irritated by the friction 

2. Areal versus Punctiform Stimuli . Min- 
kowski (1922), Coromos (1931), Wmdle and 
Griffin (1931), Carmichael (1934a), Raney 
and Caimichael (1934), and Hooker (1936) 
have all apparently noticed that stroking pro- 
duces stimulation when single punctate stim- 
ulation does not bring about response Fol- 
lowing this suggestion, Raney has been able 
to show that stimulation of a point on the 
skm by a single hair may not bring about 
response, but stimulating the same area im- 
mediately aiound such a point with a brush 
made up of comparable hairs will sometimes 
do so (In this connection, see also Kuo, 
(1932e ) 

3 Summation of Stimuli Carmichael 
(1934a) and otheis have noted that a sin- 
gle touch with a light hair may fail to bring 
out lesponse, but several touches apparently 
of the same intensity at the same point may 
be effective in eliciting response 

4. Weak and Strong Stimulation Genzmer 
(1882) long ago noted that m a piemature 
infant entirely different responses might be 
elicited to weak and strong cutaneous stim- 
ulation, The distinction m terms of the strength 
of cutaneous pressure is one that has too in- 
frequently been made m studies of fetal de- 
velopment Thus, as previously noted, Bolaffio 
and Artom disagiee with Minkowski as to the 
point at which cutaneous leflexes begin m the 
developing fetus* This disagreement may be 
based on the fact that Bolaffio and Aitom 


(1924) indicate the possibility that Minkow- 
ski was unwittingly stimulating the underlying 
musculature and thus that the massive re- 
sponses which he leports m young fetuses aie 
not cutaneous but are due to the simulation 
of deep receptors The possibility of direct 
muscle stimulation in such cases must also be 
remembered Holt (1931) considers that the 
distinction between strong and weak stimula- 
tion is a peculiarly important one in the de- 
velopment of the functional activity of the 
growing organism He believes that light 
stimulation will usually lead to response mov- 
ing toward the stimulus, or adiently, whereas 
only secondarily does strong stimulation of 
the same receptoi field lead to abient , or with- 
drawal and avoidance, lesponses Richter 
(1925) and others have confirmed this ob- 
servation Indeed, Coromos, Schlosberg, and 
Carmichael (1932) have been able to take 
moving pictures showing exactly this response 
as the result of stimulating the paw of a fetal 
kitten 

Under other circumstances, however, ob- 
servations have not been such as to confirm 
this generalization Thus Coghill (1929a) as- 
serts that the first responses of Amblystoma 
are all away from the region stimulated Win- 
die and Griffin ( 1931) point out that the uni- 
lateial trunk or neck flexions of the earliest 
fetuses seem to be executed toward the ob- 
server and away from the surface on which 
the animal is resting Kuo (1932e) also uses 
the strength of the stimulus as a peculiarly 
important part of the theory of development 
which he has proposed It seems possible that 
m responses in which apparently the same 
receptor field is stimulated first lightly and 
then more strongly two distinct neural mecha- 
nisms may sometimes be brought into play 
It might be suggested speculatively that the 
facts behind the differentiation between the 
allegedly developmental epicritic and proto- 
pathic sensitivity, as proposed by Head and 
Rivers and especially as explained by Boring 
(1916) and later by Sharpey-Schafer (1928), 
will ultimately provide some clue m the ex- 
planation of this diversity of response to dif- 
ferent stimulus intensity 

Wmdle and Griffin (1931) also discuss a 
developmental system of cutaneous receptor 
mechanisms The difference in responses to 
light and heavy tactile stimulation makes pe- 
culiarly uncertain the interpretation of results 
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of investigates who do not indicate that they 
have consideied the stiength of the stimulus 
as important in descubmg the fetal responses 
which they have elicited in expenmental 
work It is all the moie peculiai that this 
distinction should not have been continuously 
made, because of the statement in legal d to 
the diffeience m responses to weak and stiong 
stimuli made, as noted above, many years 
ago by Genzmei As previously lepoited. 
Smith and the writei ( Carmichael and Smith, 
1939) have demonstrated a quantitative rela- 
tionship between the extent and spread of 
lesponse and the intensity of punctiform stim- 
ulation when calibrated esthesiometers weie 
used 

5 Localization Preyer (1882) believes 
that the first localization lesponse to tactile 
stimuli is the seeking of the nipple by means 
of the cutaneous stimulation of the lips Many 
specific refeiences have been given above to 
the motor responses of various fetuses set off 
by tactual stimulation It has been suggested 
m connection with the woik of Raney and 
Carmichael (1934) that such lesponses pos- 
siblv develop gi eater accnmcv m localization 
as age progresses 

6 Cutaneous Reflexes As suggested in 
the preceding paragiaphs, the skin may be 
thought of as a mosaic of points, each spot of 
which is the locus of stimulation for a moie 
or less specific behavioial lesponse Manv 
writei s have discussed the significance of cu- 
taneous reflexes m adult life Givlei (1921) 
has suggested the wide significance of the 
development of one such leflex, that of grasp- 
ing Hookei’s (1938) caieful obseivations on 
the grasping reflex show that it develops din- 
ing fetal life m two phases fingei closing, 
and gripping Fingei closing appeals as a 
quick flexion of the digits except the thumb 
at about 11 weeks of menstrual age Gripping 
is first observed m the eighteenth week It is 
still weak in the twenty-fifth week of men- 
strual age In the first 25 weeks of fetal life 
the thumb seems to play no role m fetal 
grasping 

Minkowski, as noted, considers m detail the 
vanations m the pattern of the reflexes elicited 
by the stimulation of the skin of the sole of 
the foot Sucking, m its later stages, is possi- 
bly conditioned by a number of exteroceptive 
and intei oceptive stimuli, such as the stomach 
contraction of hunger, but it is m essentials 


always a cutaneous and mucous membiane 
reflex The ciemastenc leflex and certain of 
the abdominal reflexes also lesult fiom stim- 
ulation of the cutaneous field In a papei on 
reflex sweating m the fetus, it is pointed out 
that human sweat glands can be seen m the 
palm and sole of the foot by the sixteenth 
fetal week and in the axilla by the nineteenth 
week The secietoiy activity is established 
late m fetal life (Higasihara, Huiusawa, Sim- 
ada, and Tanaka, 1965) 

In general, then, it may be pointed out that 
many of the specific acts of the fetus are in- 
duced by stimulation of cutaneous pressuie 
receptors Mucous membrane reflexes (Min- 
kowski, 1928a) aie also probably best thought 
of as involving receptor mechanisms, so far as 
pressure is concerned, that are sinulai to cu- 
taneous reflexes Peipei (1928) has tabulated 
the cutaneous lesponses seen m newborn 
childien The wnter must here again empha- 
size his belief that, given a stimulus just above 
the lower threshold and a quiescent fetus in a 
standard posture, there is typically one be- 
havior act oi reflex set off by the stimulation 
of each cutaneous area These cutaneous 
“push buttons” aie lemaikablv specific m then 
behavioial relations when the complexity of 
the central nervous system is consideied 
B Temperature Warmth is one of the 
skin senses attributed by the philosopher John 
Locke (1849 edition) to the fetus In spite 
of this eaily sanction it is difficult to under- 
stand how maiked differences m tempeiature 
can normally be present in prenatal life In 
the study of the tempeiatuie sense m the 
prematurely delivered infant the matter is 
furthei complicated by the gieat vai lability 
of bodv tempeiature which charactenzes the 
prematuie infant (Hess, 1922, Evensen, 1931 ) 
Cunently accepted views in icgard to the 
mechanism of temperatuie stimulation start 
with the assumption that the tempeiature to 
which the skin is adapted must be taken as 
the physiological zeio point Fiom this zero 
other stimuli are to be considered as above 
or below, therefore quantified work m regard 
to tempeiature m the premature infant is ren- 
deied difficult when only absolute tempera- 
tures of stimuli are recorded 

Some indications, however, of responses to 
both warm and cool stimuli m premature 
infants are given by both Kussmaul (1859) 
and Genzmer (1882) For the most part these 
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obseivations agree with those of the following 
investigators of the tempeiatuie sense of new- 
born children Preyei (1882), Canestnm 
(1913), Blanton (1917), and Peipei (1928) 
These opinions aie criticized by Pratt, Nelson, 
and Sun (1930), who also add then own con- 
ti oiled expei imental obseivations These thiee 
collaborators lepoit that newborn infants ie- 
act much less strongly to stimuli warmei than 
the body than to stimuli that are coolei The 
writer has descnbed above a study of fetal 
tempeiature sensitivity (Carmichael and Leh- 
ner, 1937) m which some observations on the 
temperatuie responses of guinea pigs were 
made In this study unmistakable leactions 
to tempeiature both of warm and cool stimuli 
were obtained under controlled conditions 
Drops of blood- waim watei call out no le- 
sponse save as they aiouse tactile leceptors, 
but cold- or hot-water drops do call out such 
activities This sensitivity has appeared by 
approximately the middle of the gestation 
period Here again the “more intense” stim- 
ulus (warm or cold) calls out moie active 
responses than the “less intense” stimulus 
Thermal homeostasis m the fetus and the 
newborn does not seem to have been thoi- 
oughly studied (Adamsons andTowell, 1965) 
It has been known for yeais that bodv tem- 
peratures regulation in the newborn fluctuates 
more than m the oldei infant Premature in- 
fants show greater theimal instability than 
normal-term babies ( Miller, Miller, and Wes- 
tin, 1964, Daniel, Dawes, James, Ross, and 
Wmdle, 1966) 

C Pam Locke (1849 edition) also at- 
tributed the experience of pain to the fetus 
Since his speculation there has been little 
direct experimentation upon the fetal pain 
sense A number of casual observations show, 
however, that the application of stimuli that 
must have caused gross destiuction of skin 
and protoplasm has not called out very pro- 
nounced movements on the part of the fetus 
Genzmer (1882), on the basis of such ob- 
servations, holds that the pain sense is very 
poorly developed m the fetus On the fust 
day of a premature infant's neonatal life he 
stimulated it until blood came and got no 
response It is certainly true that increase in 
piessure over that necessary to bring out the 
tvpical responses to deep piessure does not 
always seem in the guinea pig fetus, at anv 
rate, to increase the extent or mtensitv of re- 


sponse Thus in ceitam cases the light pres- 
sure of a fine hail may lead to extension and 
stronger pressuie of a heavier han to leti ac- 
tion, but veiy strong and even obviously de- 
structive stimulation of the same point may 
or may not make any observable difference 
in the elicited lesponse over that noted to 
stiong piessuie stimulation Similai obseiva- 
tions have been made on the cat fetus (Win- 
dle and Guffin, 1931) There can be no doubt 
that protoplasm-destroying stimuli sometimes 
bung about violent responses in late fetuses, 
but even this reaction does not alwavs occur 
Speculations on the pait plaved by pain in 
i elation to unpleasantness and discomfoit will 
be lefened to in the consideiation of the 
oi game senses 

The foiegomg paiagiaphs mav be sum- 
marized bv the statement that theie is much 
evidence that the specialized skin senses have 
developed to an active functional state long 
before birth and aie able when appiopriatelv 
stimulated to initiate the lelease of behavior 
that is typically veiy pi ecisely i elated to the 
point stimulated 

The Proprioceptive Senses 

The neuiomusculai spindles may be taken 
as typical of the many classes of propnocep- 
tors They are found in the fouith month of 
fetal life in practically all muscles, including 
the extrinsic muscles of the tongue and the 
external eye muscles (Elwyn, 1929) Histor- 
ically it was not until quite recently that the 
kinesthetic senses came to be distinguished 
at all fiom touch Caimichael (1926b) has 
descnbed the history of knowledge concern- 
ing the “muscle sense” Much that Bichat 
(1819) wrote about the active touch of the 
fetus piobobly referred to the proprioceptive 
rather than to the cutaneous sense Kussmaul 
(1859) and Genzmei (1882) both lefer to 
responses which must have involved muscle- 
sense stimulation Preyer (1885) makes sum- 
Iai leferences Peterson and Rainey (1910) 
also hold that not only touch but also the 
activity of the muscles of the fetus must lay 
the foundation “undei the thieshold of con- 
sciousness for a sense of equilibnum and 
vague spatial lelationships ” In his study of 
the relationship between local leflexes and 
posture, Coghill (1929a) comes to the con- 
clusion that “ the limb is able to respond 
very precisely to stimuli arismg within the 
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body (piopnoceptive) as the result of a pai- 
ticular posture before it can lespond to stim- 
uli that arise exclusively from the outside 
world (exteioceptive) 

In experimental woik on operatively ex- 
posed human and mfrahuman fetal material 
during the active period, the proprioceptive 
senses aie always much in evidence Indeed, 
in the lesponses m fetal lats both Swenson 
(1926) and Angulo y Gonz&lez (1932a) 
find evidence of this sense in a 16-day fetus 
Coiomos (1933) and Wmdle and Gnffin 
(1931) deal with this sense m detail (See 
also Wmdle, 1940 ) As noted m the consid- 
eiation of the cutaneous senses, these investi- 
gators lepoit activities that show that the 
postuie of the cat fetus at the time of stimu- 
lation seems m ceitam cases to determine the 
lesponse that will be elicited This point is 
substantiated by many piotocols of the ex- 
pel imental studies of fetal behavioi that the 
present writer has recorded It is possible 
that this fact alone may be taken as indicating 
an early onset of propnoceptive control of 
behavior 

In this connection one must remember as 
pointed out above the differential gravitational 
action on the limb and body m an and m the 
liquid of the ammotic sac In one of the stud- 
ies of a very young human fetus — by Stiass- 
mann (1903), noted above — it is recoided 
that the observer pressed against, m a man- 
nei which appaiently means moved, the limb 
of the fetus, As a lesult of this stimulation the 
experimenter could feel the foot press down 
on his hand The writer has noticed this same 
response in young guinea pig fetuses Even 
when very gentle or even relatively stiong 
tactual stimulation would not release a re- 
sponse m the foielimb of the fetus, it not 
infrequently has happened that a foicible 
movement of the limb itself by the experi- 
menter gave a specific and dnect response 
As the skin was not anesthetized m the cases 
reported, this may not of course be thought 
of as a wholly propnoceptive stimulus, but, as 
cutaneous stimulation was ineffective m pio- 
ducing the same response, the facts seem to 
favor the view that the lesponses noted were 
proprioceptively aroused. This conclusion 
must be taken with reservations because the 
bending and stretching of the skm which re- 
sult from the bending of a limb are a very 
strong pressure stimulus 


There is still other evidence that the pro- 
pnoceptois are effective very early m fetal 
development Hooker and Nicholas (1930) 
have reported experiments on fetal lats m 
which the spinal cords were completely sec- 
tioned at various levels After some of these 
experiments it was found that stimulation 
above or below the sectioned point of the 
coid might lead to responses m parts of the 
body innervated by segments of the cord 
above or below the cut The question at once 
aiose as to how these impulses were trans- 
mitted As one of the possible explanations of 
this transmission, these investigators have sug- 
gested the following course of events An ex- 
teioceptive stimulus leads to affeient conduc- 
tion over peripheral nerves to the coid above 
the region of the section From this still in- 
tact segment of the cord impulses pass out 
over efferent peripheral nerves to tiunk mus- 
cles leading to this response This lesponse 
mechanically moves the adjoining muscula- 
ture and thus directly stimulates the pioprio- 
ceptors m it These newly activated pioprio- 
ceptors then initiate afferent impulses which 
pass into the cord below or above the region 
of the cut, as the case may be, and thus m 
turn activate aics m the intact legion of the 
cord above or below the section, which m 
turn lead to responses obviously mneivated 
by connections m the coid beyond the sec- 
tion (See also Hooker, 1911 ) 

Recent studies of Mavnnskaya (1960, 
1962) on the correlation of development of 
skeletal muscle nerve endings with the ap- 
pearance of motor activity m the human fetus 
show that primitive sensoiy and motor nerve 
endings are present at the 7 to 8 week stage 
This is two to three weeks eailier than has 
previously been leported Sensory and motor 
endings anse simultaneously m the muscles 
studied Indnect evidence leads Mavnnskaya 
to the conclusion that by the eleventh develop- 
mental week these endings are functional This 
mechanism, he concludes, is basic m the pri- 
mal y movements of the developing fetus Such 
movements are, he believes, reflex m natuie In 
another area, Lanoche (1962) has studied 
some anatomical aspects of brain develop- 
ment that are important in the growth of be- 
havior 

Wmdle and Gnffin (1931) report many 
evidences of movement that may be con- 
sidered on the basis of the analysis of Sher- 
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rington and his school of reflex physiologists 
as at least m part propnoceptively inner- 
vated These investigators report that a 
quiescent embiyo held in the cramped con- 
dition of the sac will, on the cutting of the 
sac, sometimes at once assume an exag- 
geratedly stretched position It seems as 
though it weie attempting to exercise itself 
after the close confinement of its entire pre- 
vious existence It may be lemarked that 
the writer has seen and photogiaphed simi- 
lar lesponses These maintained “extensor 
thrusts” are in many respects similar to the 
tonus of decerebiate ngidity as seen in the 
adult animal and may possibly mvolve pio- 
pnoceptive stimulation The expenments of 
Weed (1917) Weed and Langwoithy 
(1926), and Langwoithy (1928, 1929) give 
very cleai evidence of othei leactions in- 
volving this leceptor system The writer has 
sometimes noted when dealing with a late 
guinea pig fetus that, if the fetus, still wholly 
immersed in the bath, is held by its own 
foiepaws on a submeiged piojection, the ani- 
mal will seem to try to ciawl up onto the 
projection Correlated movements are heie 
used which seem, to superficial obseivation, 
similar to those employed by a swimmer 
lifting himself out of the watei onto a diving 
raft This well-mtegiated and appaiently 
purposeful activity seems to involve complex 
piopnoceptively dnected responses 

Most students of the development of fetal 
behavior agree that locomotion, as, for ex- 
ample, m the first crawling movements of the 
fetal opossum consideied above, sucking, and 
breathing are thiee of the earliest essential 
behavioi systems of the newborn animal It 
is interesting to note that each of these m 
its developed form may mvolve marked pio- 
pnoceptive stimulation The geotropic re- 
sponses of the opossum fetus consideied 
above, occurring less than 2 weeks after 
copulation, seem, m the light of Crozieis 
work (1929) on geotropism m the rodent, to 
repiesent a response in which pioprioceptive 
stimulation plays a part Hunter (1931) has 
pointed out in a similar study that the vestib- 
ular apparatus and other stimulus factors are 
probably also important in determining such 
responses 

As noted above, Minkowski (1922, 1928a) 
reports that there are true tendon reflexes in 
the early fetus. This is questioned, however, 


by Bolaffio and Artom (1924) These lattei 
observers suggest that the lesponses seen by 
Minkowski m very eaily fetuses may have 
been the result of other forms of stimulation 
The mechanism of deep stimulation which 
they suggest and true tendon-stretch stimu- 
lation both mvolve proprioceptive activity 
Indeed, it may be said that the whole study 
of prenatal behavior in man and in the lowei 
mammals indicates that the propnoceptors m 
muscles and tendons, and possibly joints, aie 
functional well before birth By the time of 
birth these mechanisms have undergone such 
development that they are among the best- 
organized receptor fields so far as the initia- 
tion and control of behavioi are concerned 

The Receptors in the Nonauditory Labyrinth 

Adult posture, lighting responses, and 
othei reactions to giavity, tonus changes due 
to lotation, and other alterations of the body in 
space aie often held to result from stimulation 
of receptors in the nonauditory labyrinth and 
associated receptor fields (Camis, 1930) As 
suggested above m a consideration of the 
development of behavior in the fetal cat, the 
change of body posture m space has been 
shown sometimes to involve various com- 
binations of nonauditory labyrinthine, kin- 
esthetic, and exteioceptive stimuli In the 
fetus it is peculiarly difficult to isolate the 
part played by the body exteroceptors and 
musc ] e propnoceptors fiom the part played 
by the receptors in the nonauditory labyrinth 
It should be noted that there is some evi- 
dence also that in certain types there is an 
auditoiy function subsumed by receptors m 
this nonauditory receptor complex 

Histoncally, comparatively little reference 
has been made to the static senses in con- 
nection with fetal mental life as this life was 
considered m the older speculative child 
psychology Some reference, however, has 
been made to the part played by these recep- 
tors in detei mining the position of the fetus 
in i elation to gravity Lane (1917) has noted 
in his study of the development of the senses 
m the fetal lat considered above that there 
is an appaient correlation between the histo- 
logical development of the semicircular canals 
and the acquisition of postural righting re- 
sponses on the part of the fetus In Lane’s 
work, however, no effort to differentiate be- 
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tween proprioceptive and static stimuli is 
reported 

The development of the Iabynnth has 
been considered by many wnteis, includ- 
ing Streeter (1906) and Larsell (1929) 
(Cf also Bowen, 1932, and McCrady, 
Wevei, and Bray, 1937 ) Minkowski (1922), 
as noted previously, has demonstiated from 
neurological studies that the labyrinth is 
fully differentiated m a human fetus of 40 
mm As noted above also, Wmdle and Griffin 
(1931) report that m veiy early cat em- 
bryos of 26 or 27 days “ rotation of head 
and trunk appeared to be indefinitely co- 
ordinated with the older components, namely, 
lateral and ventral head and tiunk flexion 
This activity resulted m motions that strik- 
ingly resembled the lighting leflexes seen m 
late fetal life" Wmdle and Fish (1932) 
show that m cat fetuses seveial days befoie 
normal birth true labyrinthine reflexes do 
appear These leactions make possible what 
has been called the first "purposeful" move- 
ment of the cat, that is, successful locomo- 
tion (Wmdle and Griffin, 1931) This com- 
plex behavioi act, as already suggested, is 
held to be a combination of equilibration, 
body-righting responses, general postural 
tonus, and lhythmic movement of the limbs 

Coronios and Caimichael have both no- 
ticed that, m late cat and guinea pig fetuses, 
turning the animal ovei while it is com- 
pletely immersed in the warm bath does not 
always lead to righting movements If the 
cord is ligated and the same fetus is placed 
on its side on the experimental table, righting 
may begin at once This is possibly to be in- 
terpreted as indicating that at this period 
righting still, at any rate, involves exterocep- 
tive and proprioceptive as well as vestibulai 
functions 

Similarly, Coronios and Carmichael have 
both been able to elicit typical Magnus re- 
flexes of limb extension as the fetal mam- 
mal’s neck is turned to the right or the left 
These responses are strikingly similar to those 
of decerebrate mammals and tend to con- 
firm the observation agreed upon by all other 
investigators that for the most part the young 
fetus is not under the active control of the 
ceiebral hemispheres Minkowski (1922) re- 
ports labyrinthine reflexes in early human 
fetuses He suggests that it is not only possi- 
ble to elicit xesponses from general labyrin- 


thine stimulation but also possible to dis- 
tinguish between the reflexes attnbuted by 
Magnus and his colleagues to the utnculus- 
sacculus complex of receptors as contrasted 
with those attnbuted to the complex of semi- 
circulai -canal receptois His analysis leads 
him to believe that most of the fetal responses 
to nonauditory labyrinthine stimulation are 
the result of semicircular-canal receptor ac- 
tion 

Minkowski (1922) states further that m 
his opinion the early anatomical development 
and functional use of the vestibulai appara- 
tus m the fetus are probably related to the 
fact that the fetus is living m a fluid medium 
the specific gravity of which is almost equal 
to its own specific gravity Therefoie it is al- 
most "weightless,” a condition m which he 
believes the labyimlhine reflexes may be 
seen to operate to excellent advantage Min- 
kowski (1928a) is careful, however, not to 
disiegard the possibility that the phenomena 
noted as the basis foi attnbuting labynnthme 
function to the fetus may be the result of 
the stimulation of proprioceptors m the neck 
and related leceptois Magnus (1924), m re- 
viewing this work, seems to emphasize the 
part of the tonic neck reflexes m such activi- 
ties 

Theie is some leason to believe that the 
first eye movements of the fetus are m re- 
sponse to changes of the bodily position of 
the fetus m space, that is, the fiist eye move- 
ments are occasioned not by letmal stimula- 
tion but as part of the general tonus changes 
of the body brought about by gross move- 
ments m space This fact is brought out very 
clearly in Kuo’s work (1932a) Eaily eye 
muscle movements, indeed, may be thought 
of as specific These movements take place, 

' however, at the same time that othei le- 
sponses are active and hence may be called 
part of the "generalized” pattern of responses 
Later specific lesponses are observed which 
can then be said to diffeientiate themselves 
out of the moie complex pattern (Minkow- 
ski, 1924, 1928a, Tiacy, 1926) 

Theie is no reason to believe, however, 
that these eaily "postural” responses of the 
eye muscles aie as definitely related to spe- 
cific aspects of semicucular-canal stimula- 
tion as they are m the adult condition so 
well summanzed by Maxwell (1923), Favill 
(1929), and Holsopple (1929) 
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Eye movements m adult life that aie de- 
termined by vestibulai function may be 
modified in various ways (Dodge, 1923) 
Wellman and Carmichael have made pre- 
limmaiy and as yet unpublished studies of 
the origin and development of eye move- 
ments in the fetal guinea pig Although these 
results are still tentative, the following state- 
ments may be made, based upon the electri- 
cal recording of eve movements m living 
fetuses 

1 Vestibular stimulation bungs about le- 
sponses befoie light stimulation is effective 
m causing eve movements 

2 Optokinetic (that is, light-induced) re- 
sponses can be called out m the fetal guinea 
pig which have some of the same characteris- 
tics as such responses m older animals 

In these expenments a moving field of bais 
of light and shade giadients is passed neai 
the eyes of the fetus The lesultmg leactions 
show the slow and fast photic i espouses typi- 
cal of such stimuli m adult animals 

It is thus difficult to say with assurance 
the exact part which the labyrinthine senses 
play m determining behavior befoie birth, 
but it is certain that the tonus adjustments 
of the body muscles m postural responses, in- 
cluding pi ease adjustments of eye muscles, 
aie among significant prenatal activities An 
understanding of these responses m fetal and 
adult life is impoitant (Magnus, 1925) One 
of the points, however, at which a knowledge 
of the development of piopnoceptive le- 
sponses in the fetus is most important is the 
evaluation of the studies of postnatal life m 
which the alleged saltatory charactei of cei- 
tam responses there noted is observed in the 
light of the knowledge of prenatal postural 
responses Popularly speaking, the postuial 
actions of the fetus may be consideied a 
fundamental preparation foi a diversity of 
actions m postnatal life Walking and localiz- 
ing responses of arms, trunk, and legs can 
take place only m an organism m which 
postural mechanisms are developed It is al- 
most as if these senses provide the essential 
"gyro-control" necessary before a reaction 
can be made, just as gyro-apparatus on a 
warship is necessary if the guns are to be 
pointed effectively m a heavy sea In con- 
sidering the part played by incoming nerve 
impulses, which themselves result from motor 


reactions, one should consider the whole 
nature of "feedback” systems m biology as 
related to similar electiomc systems (Wiener, 
1948) 

The Orgamc Senses 

Histoncally there has been some specula- 
tion m regai d to the oigamc senses m the 
fetus Some have held that the fetus lives 
in a pei feet world in which hunger, thirst, 
and all other needs are cared for before 
they arise (Bichat, 1827) Locke (1849 edi- 
tion), on the contrary, held at an early pe- 
riod in tlie total stoiy of speculation about 
fetal life that the unborn child has "perhaps 
some faint ideas of hungei and thirst ” Kuss- 
maul (1859) agiees with this view As 
noted above, Yanase (1907a, 1907b) has 
studied the movement of the fetal intestines 
In the lhythmic natuie of these movements is 
found a basis for possible oigamc experience 
and, indeed, foi the indirect activation of 
the skeletal musculature 

The work of Patterson (1914) and Carl- 
son and Gmsbuig (1915) on newborn in- 
fants and on dogs delivered before normal 
tune indicates something of the nature of 
the tonus changes of the stomach which 
may occui in late fetal life These changes 
m these oigamsms are found under appro- 
priate conditions to be rapid and active 
This comcides with the observations of 
Pieyer (1893) and of Peteison and Ramey 
(1910) on the hungei of newborn full-term 
or even premature infants Some suggestion 
of the developmental course of hunger ac- 
tivities and stimulation may be obtained from 
an observation of Hess (1922) that very 
early piemature fetuses are much less able 
than later premature infants to show the 
usual signs of needmg to be fed Jensen 
(1932) notes the dependence m the infant 
of the reflex of sucking, a leflex incidentally 
too often considered merely tactual, on the 
concomitance of hunger stimuli and tactual 
stimuli Preyer (1893) notes the whole se- 
quence of bodily changes, even including 
those of the eye muscles, which come to be 
related to the hunger activities of the new- 
born child 

The theory of "drive" or motivation held 
by some modern comparative psychologists, 
which correlates such activities to some ex- 
tent with organic stimulation, finds support 
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m the observations of the "1 andom” activ- 
ity of the fetus which is shown by Irwin 
(1930) and others to accompany hungei 
stimuli As noted above, this activity may 
not be * random” m the oidmary sense of the 
word but rather the consecutive or concomi- 
tant release of a series already descnbed 
patterns of behavior (See Carmichael, 
1941 ) 

This concept of "drive” is closely related 
to phenomena consideied by certain of the 
older descriptive psychologists as character- 
izing the motivating power of the affective 
piocesses That is, "drive” is related to the 
bodily basis of pleasantness and unpleasant- 
ness Thus Preyer (1882, 1885) and otheis 
have discussed leaction i elated to pleasant- 
ness and unpleasantness as appaient befoie 
birth oi immediately after birth These con- 
clusions are mfeiences based on unaided 
observation of facial expression and on m- 
strumentally recoided bodily changes, such 
as breathing and directly measuied cerebial 
volume (Canestrmi, 1913) Facial expiession 
is reported by Minkowski as beginning in 
the relatively early weeks of active fetal life, 
and so it seems that this expressive pattern 
of so much significance m pleasant and un- 
pleasant situations of later life has had am- 
ple opportunity foi exercise dunng the pie- 
natal period 

It may be noted m passing that the rate 
of fetal heartbeat can be modified by ex- 
ternal stimulation, thus possibly leading to 
vascular stimuli of the sort often considered 
to fall under the heading of “organic experi- 
ence” The possibility of respiratory expen- 
ences, or "feelings of suffocation,” is cei- 
tainly present, so far as may be judged fiom 
a knowledge of stimulation and response 
But there is, of course, no evidence that any 
introspective state actually follows such stim- 
ulation 

In conclusion, it may be said that there 
are possibly certain organic changes in the 
stomach, intestines, heart, and vascular and 
respiratory systems that occur before birth 
which may be important m receptor stimula- 
tion See Cannon and Rosenblueth, 1937 ) 
It is possible that the stimulation of these 
receptor systems may lead to fetal activity 
which does not, of course, have any specific 
external end m view until, as a result of ex- 
ternal stimulation and learning, such stimula- 


tion m postnatal life comes to initiate adap- 
tive responses which some wish to charactei- 
lze as "end-seeking ” It may also be noted 
that no one who has woiked with fetal ma- 
terial has failed to see that, after repeated 
responses, "fatigue” sets in, and for a time 
stimulation is difficult or impossible (Peiper, 
1925) 

The question whether fetal quiescence is 
to be consideied as fetal sleep has also been 
debated (Preyer, 1885) A suggestion has 
recently been made that there is a "sleep- 
wake” cycle that is similar m mother and 
fetus and that this rhythm is earned over 
into the postnatal period (Payne and Bach, 
1965) 

This 24-hour clock has been demonstiated 
to play an important lole in the lives of 
adult animals and men This mechanism is 
inborn and is m complete independence of 
homeostasis as demonstiated by Richtei 
(!967) 

Taste The histological work on the de- 
velopment of the taste mechanism m the 
embryo is summarized by Keibel and Mall 
(1910) Taste buds are said by Parker 
(1922) to begin to appear in man during 
the thud fetal month The taste receptors 
aie also found to be much moie widely dis- 
tributed m fetal life than m adult life Par- 
ker thus points out that theie is evidence of 
a real letraction of the sensory field m man 
from the late fetal penod to the adult state 
At first, taste buds are found on the tonsils, 
haid palate, and parts of the esophagus Later, 
functional taste cells are almost always limited 
to the tongue (1922) Here is a striking 
example of a "reflexogenous” or leceptor 
zone which changes as a function of develop- 
mental time 

Historically, there have been several dif- 
fer ent speculative opinions concerning this 
sense m prenatal life The early opinions 
aie summarized by Bichat (1827) It is 
undoubtedly tiue that the ammotic fluid 
might seive as a taste stimulus Since change 
is ordinarily thought of as essential to real 
external stimulation, however, the question 
may be debated as to whethei or not the 
change m the ammotic fluid as pregnancy 
progresses is enough to make it at any point 
a taste stimulus (Feldman, 1920) To the 
writer this seems unlikely, A safe conclusion 
seems to be that, although the mechanism foi 
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taste is present befoie birth, there is no ade- 
quate stimulation of this sense until aftei 
birth Heie again we have an lllustiation of 
what the present writer has called the law of 
anticipatory moiphological maturation 

Experiments on the sense of taste m new- 
born childien have been earned out by Kuss- 
maul (1859), Genzmer (1882), and Peter- 
son and Rainey (1910) using the method of 
general obseivation of facial expiession aftei 
stimulation The conclusion of these writ- 
ers is that sweet is distinguished, even by 
piematuie infants, fiom salt, soui, and bit- 
ter It is difficult to be sure, howevei, that 
salt, soui, and bitter are stimuli for behavioi 
that is specific Canestnni (1913) and Jen- 
sen (1932) have worked out a method of 
experimentally recording bodily changes 
which lesult from taste Piatt, Nelson, and 
Sun (1930) find that under the conditions 
of their experiment, involving very dilute 
concentrations, there is not as strong evidence 
m regard to taste differentiation at birth as 
had previously been supposed These latei 
experimenters conclude that the stimulating 
efficiency of various sapid substances m eaily 
life is not only quantitatively but also quali- 
tatively diffeient fiom the condition m adult 
life (See Pfaffman, 1936, m this connection ) 

It may thus be said that the receptois foi 
taste aie piobably never noimally activated 
before birth The receptoi-neuromusculai 
mechanism, howevei, has been shown, by 
work on piematuie infants, to be leady to 
function m late fetal life whenever appro- 
priate stimulating conditions are brought to 
bear upon it Most expenmenteis seem to 
conclude that sweet stands in a class by it- 
self so far as the infant is concerned Salt, 
soui, and bitter are apparently distinguish- 
able with greater difficulty References to 
the sense of taste in infrahuman fetuses have 
been given above 

Smell. Bedford and Disse and others 
quoted by Parker (1922) have considered 
the embryonic development of the receptoi 
cells of the neivous fibers of the olfactory 
epithelium Lane (1917), as already noted, 
has studied the development of the olfactory 
structures in the rat Feldman (1920) points 
out that the olfactory and tactual parts of 
the brain were found by Flechsig to be the 
earliest to be myelinated m the fetus His- 
torically, save where taste and smell have 


been grouped together, theie seems to have 
been general agreement, in the early period 
at least, that while the nasal cavity is filled 
with the amniotic liquid there can be no 
adequate olfactoiy stimulation Preyei (1885) 
specifically defends this conclusion, basing 
his statement on Weber's assertion (1847) 
that substances that could be smelled when 
vaporized were quite unable to arouse the 
sense of smell when introduced into the nose 
as liquids 

A great deal of lelevant work m this field 
has been critically summaiized by Parker 
(1922) This work shows that there is ex- 
cellent reason to believe “that the olfactory 
organs of an air-inhabiting vertebrate can be 
stimulated by ordinary solutions, though this 
form of stimulation cannot be looked upon as 
normal ” Even though this is true, however, 
the same difficulty as that met with in the 
sense of taste must be remembeied to exist 
Even though the amniotic fluid may be an 
effective inadequate stimulus for the olfactory 
receptois, there is little reason to suppose 
that there would be sufficient change m the 
liquid to effect significant stimulation dui- 
mg prenatal life 

In this sense field, therefoie, the study 
of smell reactions of piematurely delivered 
infants will again be veiy significant in any 
determination of how the functional develop- 
ment of the olfactory mechanism progresses 
during late fetal life Kussmaul (1859) found 
that asafetida and certain other odors, but 
not nutating substances, led to lesponses m 
a 1 -month piemature infant He is not suie 
that he was able to secuie lesponses m earliei 
premature infants Peterson and Rainey 
(1910) also found smell reactions in prema- 
ture infants 

Historically, theie has long been a belief 
that the newborn child could distinguish 
odors effectively Feldman (1920) asserts 
that the Jewish sages m the time of the Tal- 
mud believed that a blind baby could tell 
his mothers milk by smell and taste Rous- 
seau also commented on the sense of smell 
m newborn infants (Feldman, 1920) Preyer 
(1882) reports that an 18-day infant refused 
a breast nipple on which kerosene had been 
placed but eagerly took the othei odorless 
breast immediately after the refusal. Preyei 
(1882) also demonstrated that newborn 
guinea pigs apparently select their food by 



528 LEONARD CARMICHAEL 


the sense of smell He asserted, moreovei, 
that in young animals, including man, the 
sense of smell m geneial is most important m 
determining behavior Indeed, m mfrahuman 
animals it is suggested that this significant 
aspect of behavior determination by smell 
does not come to be neglected to the extent 
that it is by civilized man 

Experimental woik on the sense of smell 
in newborn infants, which is piobablv also 
genei ally applicable to late piematiue in- 
fants, has been summaiized by Canestnm 
(1913), Peiper (1928), and Pratt, Nelson, 
and Sun (1930) Canestnm concludes that 
there has been some exaggeiation in regaid 
to the effectiveness of the sense of smell m 
young animals He feels that most of the 
work on smell has been concerned with 
stimuli which act on the leceptois i elated to 
the tngeminal ciamal nerve components of 
the nasal receptor suifaces These tngemmal 
components aie piobably best consideied as 
the “common chemical sense” (Paikei, 1922) 
and not m the usual sense of the teim “tac- 
tual” as suggested by Piatt, Nelson, and 
Sun (1930) Certainly the trigeminal end- 
ings aie not “olfactory” m the ordinal y sense 
Stimulation of the common chemical sense 
leceptois typically sets off violent reactions, 
such as sneezing A chaiactenstic nutant of 
this sort is ammonia It is significant in this 
connection to notice that Piatt, Nelson, and 
Sun found ammonia to be a pecuhaily effec- 
tive “smell” stimulus Probably the lesponses 
of a newborn infant to ammonia should be 
considered as lesponses to the common chem- 
ical sense lather than to trite olfactory stimu- 
lation 

In summary The neural mechanism foi 
olfaction — that is, the mechanism related to 
the so-called first cranial neive — is developed 
before birth, and the possibility of inadequate 
stimulation exists before birth It is piobably 
true, howevei, that olfaction does not gener- 
ally occur m its normal form until the nasal 
cavity comes to be filled with an Prematme 
infants, at least m the last month, are able 
to smell substances when air enters the ol- 
factory cavity Much work on smell, however, 
has piobably been vitiated by the fact that 
the free nerve endings of the tngemmal nerve 
(the fifth cranial nerve), the receptors for 
the common chemical sense, have been stim- 
ulated rather than the true olfactory spindles 


Hearing Anatomically the development 
of the eai m the individual has been ex- 
tensively studied This woik is summaiized 
by Keibel and Mall (1910) Hess (1922) 
shows an original di awing of a section 
through the eai of a late fetus Stevens and 
Davis (1938) have summaiized much of the 
experimental work upon the adult auditoiv 
mechanism 

Histoncal opinion on the sense of heaung 
m the human fetus is probably best sum- 
marized in the woids of Kussmaul (1859) 
“Von alien Smnen schlummeit das Gehoi am 
tiefsten ” The histoiy of expemnent on the 
sound i espouse of full-term and prematurely 
boin infants is excellently summarized by 
Piatt, Nelson, and Sun (1930) The geneial 
conclusion of these authois is in harmony 
with that of the later investigates, that heal- 
ing becomes effective only m the veiy early 
part of postnatal life 

Most of the eaily investigators of the 
development of audition concluded that the 
auditoiy mechanism was developed to a point 
at which it could be functional befoie birth 
but that the infant lemamed deaf until bv 
bieathmg, crying, and possibly yawning the 
Eustachian tube was opened Only m this 
way, they suggested, could the somewhat 
gelatinous liquid of the fetal middle eai be 
drained out (Pieyer, 1882) Peterson and 
Rainey (1910) specifically secured evidence 
of auditoiy response in a prematurely deliv- 
eied infant as soon as there had been an 
opportunity for the diaming of the middle 
ear More modern work seems to have offeied 
no reason to differ with this conclusion so 
far as stimuli of normal intensity are con- 
cerned Freyei (1882) also leports that new- 
born guinea pigs are deaf for hom aftei 
birth and are then sensitive to tonal stimuli 
of a great variety of fiequencies (C of third 
octave to E of eighth) Avery (1928) has 
secured comparable results on late guinea 
pig fetuses piematurely delivered, as noted 
above The experiment of Rawdon-Smith, 
Carmichael, and Wellman (1938), which 
shows by electncal methods of lecordmg the 
onset of functional activity m the cochlea, 
has alieady been leferred to This expenment 
shows that the guinea pig fetus can heai 
before birth, judging by both electiical and 
behavioral criteria 

Although there has been some speculation 
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on the fact that the sounds inside the moth- 
er s body might act as sound stimuli to the 
fetus, little evidence has been brought for- 
ward to make this seem ceitain (Preyer, 
1885) Theie are experimental findings which 
suggest that loud auditory stimuli may ac- 
tivate the human fetus Peipei (1925) was 
led to this study because he noted that in 
six neonates, very soon after birth, changes 
m the bieathmg curve were found m lesponse 
to a special sound stimulus The change in 
the breathing curve is leported as marked 
He therefore decided to try to find out 
whethei or not any indication of hearing be- 
fore bath could be secured It had been 
discovered that auditory and other sudden 
stimuli give two sorts of responses m the new- 
born — one, a change m bieathmg lhythm, 
and the second, a change m the level of 
general movements Peiper felt that there 
was no suie leason to believe that the un- 
born child would respond diffeiently if it 
could be stimulated in its auditory receptors 
The breathing center m the biam is open to 
stimulation befoie bnth He therefore thought 
of the possibility of using the prenatal 
“breathing movements” of Ahlfeld as an in- 
dicator of sound response The disadvantage 
was found, however, that these movements 
were not always piesent, and so the numbei 
of subjects was limited But with piopei 
recording apparatus he was able to take lec- 
ords of the general movement of the fetus 
thiough the body wall of the mothei 

It was obvious that sounds would be much 
muffled on their way to the fetus Therefore 
a very loud sound was chosen as a stimulus, 
an automobile horn being used The experi- 
menter waited until the fetus was absolutely 
quiet and the mother had been piepared so 
that she would not herself respond to the 
stimulus Incidentally, it proved impossible 
to tram all mothers m this way The stimulus 
was given in a quiescent interval In more 
than a thud of the subjects studied, definite 
fetal reactions were secured to stimulation 
of this sort There were, however, individual 
differences m responsiveness Sometimes the 
response was given on one day and not on 
the next The movements which the fetus 
made in response to the stimuli also showed 
individual diffeiences Most often, however, 
the fetus seemed to draw its whole body 
together Peiper (1925) comments that it 


might seem to one who had not been present 
at the experiments that the movement was 
a response of the mother and not of the fetus 
He is certain, however, that one who had 
actually obseived the experiment would be 
convinced that the response was fetal and 
not maternal As an additional safeguard, 
a pneumograph was placed on the mother’s 
chest and her breathing curve taken during 
the experiment After a good deal of prac- 
tice it was possible to tram some mothers 
so that they made practically no response, 
and thus the fetal response could be re- 
corded Continued stimulation led to a 
diminution of the effect This conesponds 
to a frequently obseived phenomenon of 
fetuses and neonates then responses are 
easily fatigued oi exhausted Peiper even 
goes so faz as to suggest that this change in 
response may be thought of as a simple kind 
of attention He also states that one mother 
remarked that she had noticed definite move- 
ments of the fetus while attending a con- 
cert 

Forbes and Forbes (1927) have reported 
a case of apparent fetal hearing Thirty-one 
days before her baby was born a pregnant 
woman was lying m a metal bathtub full of 
waim water A 2-year-old child was playing 
on the flooi beside the tub Accidentally the 
child struck the side of the tub with a small 
glass jar, and at once a sudden jump of the 
fetus was felt by the mothei, which gave a 
sensation quite unlike the usual kicks or limb 
movements A few days later an observer 
struck the side of the tub below the watei 
line a quick lap with a small metallic object, 
meanwhile watching the mother’s abdomen 
A fraction of a second after the rap, a single 
quick rise of the anterior abdominal wall was 
clearly visible The mother at this moment 
felt the same jump inside hei abdomen as 
previously leported Hei own muscles were 
entirely lelaxed, and she was not at all 
startled by the noise, nor was she conscious 
of perceiving any vibration through the skm 
The mother’s tactual sense later tested 
showed that the same intensity of vibration 
could be perceived only by those portions 
of the skm coming in contact with the tub 
In the infant in question, 8 days after birth, 
it is interesting to note that while the baby 
was nursing an auditoiy stimulus occurred 
which resulted m the flattening of the baby’s 



530 LEONARD CARMICHAEL 


ear agamst the side of the head for a few 
seconds, after which the ear relaxed again 
These same investigators also repoit another 
case m which concerts attended toward the 
end of piegnancy lesulted m troublesome 
activity on the part of the fetus The con- 
clusion of these wi iters (1927) is 

Good evidence exists that the human fetus 
4 oi 5 weeks befoie birth can respond with 
sudden movements to a loud sound ongmat- 
mg outside the body of the mother It seems 
probable that this is a true auditoi y-musculai 
reflex but the possibility of leception thiough 
tactile organs m the skin cannot be excluded 

Recently the fetal heait lhythms of 32 
pregnant women m the latter part of pieg- 
nancy were studied Tones of 1000 and 2000 
cycles pei second of an intensity of 100 
decibels weie given foi 5 seconds Accelera- 
tion of fetal heait to the 1000 cycles pei 
second tone averaged 7 beats a minute To 
the 2000 cycles per second tone the mciease 
was 11 beats a minute The mothers heait 
did not show any acceleration The healing 
of premature infants has been studied by a 
similar technique (Tohansson, Wedenbeig, 
and Westin, 1964) 

The lesponse of the fetus to auditory stimu- 
lation has been made the basis of several 
studies of fetal learning, to which lefeience 
is made below 

In summary It may be said that the 
auditoi y mechanism seems to be well de- 
veloped structurally during later fetal life, 
but in geneial, possibly because of the closuie 
of the external ear oi because of the gelat- 
inous liquid which fills the middle ear, the 
fetus is jirobably deaf to sounds of normal 
intensity before birth and duiing a short 
period immediately after birth Strong sounds, 
however, especially those which can directly 
pass through the mechanical blocks noted, 
seem to be able to bring about auditory 
stimulation before birth, although it is still 
possible that such responses aie tactual rathei 
than truly auditory 

Vision The specific morphological cel- 
lular changes which aie the essential ante- 
cedents to the development of the function 
of the human eye begin m the second or 
third week of development of the embry- 
onic penod, and from that time on an elabo- 


iate series of events occurs until, m the noi- 
mal human individual, bmoculai conveigence 
and the diverse activities associated with 
visual space peieeption and stereopei ception 
develop m the young child The anatomical 
aspects of this growth have been summar- 
ized by Keibel and Mall (1910) and by 
Mann (1928) Hess (1922) has described 
in some detail the eye of an early prematuie 
infant 

So far as the function of sight m normal 
pienatal life is concerned, theie has been 
geneial agieement that the absence of ra- 
diation of the soit that typically activates 
the letma makes tiue sight all but impos- 
sible m prenatal life (Pieyei, 1885) The 
possibility does exist that undei very strong 
light stimulation, if the head weie in just 
the light place, radiation falling on the 
mothers abdomen might stimulate the 
fetal ietma, but this seems most unlikely 
There is evidence, howevei, given by Kuss- 
maul (1859), that pronounced diffeiences 
between light and daik bung about specific 
leactions m an infant bom 2 months before 
term Peterson and Rainey (1910) also found 
light leactions in premature infants Genzmer 
(1882) does not confirm this observation 
Preyei (1885) agrees that adequate stimuli 
are impossible duiing fetal life, hut he con- 
siders the possibility that inadequate stimuli 
of pressure similai to the stimuli which bring 
about phosphenes might be effective m pie- 
natal life 

There is evidence that even at normal 
birth the optic neive and i elated structmes 
have not fully developed anatomically (Pratt, 
Nelson, and Sun, 1930) This knowledge has 
led to speculation m regaid to the neuial basis 
of the development of eye muscle function 
m neonatal life This whole question has been 
consideied by Pieyei (1882) m relation to 
the nativistic and empmstic theones of the 
visual spatial world, with the conclusion that 
the evidence is conflicting, 

The writei has taken a few recoids of 
the eye movements of human babies, using 
the electnea! recoiding method These move- 
ments were induced by placing the baby's 
head m a large rotating drum on which there 
were stnations The results of these experi- 
ments showed that it was possible to elicit 
optokinetic nystagmus m early infants. This 
technique may also be used as an objective 
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means of determining lower brightness and 
color vision thresholds m normal or prema- 
ture newborn infants For a descuption of 
this technique especially as applied to re- 
cording of eye wink and eyeball movements 
see Carmichael and Dearborn (1947) 

One of the best indices of the sensitivity 
of the fetus to light, although possibly not 
to the full neural mechanism mvolved in 
true visual lesponses, is thought to be the 
onset of the light-stimulated pupillaiy reflex 
Portal (1818) alleged that responses of the 
ins diaphragm did not appear dunng fetal 
life Hess (1922) and otheis, however, have 
shown that m premature infants strong light 
stimulus leads to contraction of the pupil, 
followed in 2 or 3 seconds by dilation again 
Bolaflio and Artom (1924) and Minkowski 
(1928a), as noted above, have been unable 
to make unequivocal statements about light 
reflexes in late fetuses As pointed out m 
another pait of this chapter, care must be 
exercised, especially when strong light is 
used, not to confuse the independent, non - 
neurally determined muscular response of the 
ms to light with the true ins reflex The de- 
velopment of the pupillary response m post- 
natal life has been summarized by Peiper 
(1928), 

Much of the evidence in regard to the 
general muscular movements of the eyes in 
the first days of life has been summarized 
by Pratt, Nelson, and Sun (1930) Early 
eye movements have been carefully studied 
m the newborn child by Sherman and Sher- 
man (1925) As already noted above, how- 
ever, there is excellent evidence to show that 
during fetal life eye movements occur as part 
of the general tonus change of the body 
musculature resulting from the spatial re- 
orientation of the entire fetal body (See 
Carmichael, I940& ) Preyer (1882) and 
many students since his time have discussed 
the development of function m the auxiliary 
musculature of the eye, including the mech- 
anism of winking In general, great differ- 
ences are noted m the tonus and general be- 
havior of the lids in the newborn child as 
contrasted with those of the older child Some 
hints of the beginning of this development 
are to be found m the reports on fetal de- 
velopment given by Minkowski In a fetus of 
only 160 mm he found that touching the 


closed eyelid led to a conti action of the 
orbicularis muscle (1922) 

So far as mfrahuman organisms aie con- 
cerned, there is the greatest divergence from 
type to type m respect to the time of the 
opening of the eyes The subject was early 
investigated, Emmert, one of the first stu- 
dents of fetal mammals, having studied this 
phenomenon in the mouse (Emmert and 
Burgatzy, 1818) Certainly no generaliza- 
tions can be made from form to form m 
regard to eyelid activities at the time of 
birth The guinea pig is bom with eyes open 
and apparently m an adult functional con- 
dition, whereas the lids of the rat do not 
gam their adult condition until the sixteenth 
or seventeenth postnatal day (Lane, 1917) 
Warkentin and Smith (1937) and Warkentm 
(1938) have studied the development of a 
number of visual functions by various tech- 
niques m developing animals (See also 
Mowrer, 1936, for a general consideration of 
learning versus maturation in this field ) 

In summary Concerning vision in the fe- 
tus it can be said that the specific morpho- 
logical changes that he behind the develop- 
ment of the visual mechanism occur from 
possibly the second week after fertilization 
until well after birth Light stimuli at intense 
levels ordinanly do not affect the retina 
before birth, but m premature infants it can 
be shown that the eye is probably sufficiently 
structurally developed before birth to make 
possible the light or ins reflex and the dif- 
ferentiation between light and dark The 
functional development of the neuromuscular 
apparatus of the eye is also giadual Indica- 
tions have been obtained in regard to the re- 
lationship between vestibular stimulation and 
eye movements before birth which suggest 
that vestibular control is more primitive than 
visual control Eyelid reactions are also found 
to undergo a progressive series of , changes be- 
fore normal birth 

THE SENSES IN GENERAL 
RELATIONSHIP TO THE ONSET OF 
MENTAL LIFE IN THE PRENATAL 
PERIOD 

Foi the psychologist there are at least 
two major problems connected with the study 
of the senses The first of these is the classic 
problem of the relationship between the 
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senses and what the philosopheis have long 
called conscious experience The second is 
the lelationship between receptor activity 
and the initiation, modification, and conti ol 
of behavioi As noted above, this conti ol 
must be considered m certain cases to include 
a continuous “feedback” relationship with ex- 
isting continuous 01 periodic activity (Wie- 
ner, 1948) Many psychologists, on the basis 
of some excellent reasons, hold that ulti- 
mately these two pioblems reduce to one, 
as Langfeld (1931) and others have urged 
m the interpretation of consciousness m teims 
of i espouse Historically, however, and in- 
deed at the present time, the two pioblems 
aie oidmanly treated as separate, or at any 
rate as separable Some prefei to say that 
consciousness and behavioi aie aspects of the 
total functional description of the lelation- 
ship between the adult (or immature) hu- 
man organism and its envuonment Here, al- 
though no attempt will be made to find an 
ultimate answei to the question whethei 
these pioblems are really one or two, they 
will be tieated as independent 

A study of the fetal senses conti lbutes 
little to our knowledge of the so-called in- 
trospective psychology of consciousness 
There has been some speculation concerning 
sensory expenence before bnth, but little of 
scientific validity has been wntten As in- 
cidentally noted above, several of the em- 
pinstic philosopheis concerned themselves 
with pienatal life John Locke (1849 edition) 
did not neglect the possibility that some dim 
ideas were piesent befoie birth Cabams 
(Genzmei, 1882) held that quite elaborate 
sensory experiences weie piesent m the fetus, 
even to the consciousness of self (Of Com- 
payr6, 1896 ) Kussmaul (1859) held that 
the child came into the woild with a dim 
perception of an outer woi Id Pieyei (1882) 
also attributed experience of a sort to the 
fetus Peterson and Rainey (1910) say 
"The newborn comes into the world with a 
small store of expenence and associated feel- 
ings and a shadowy consciousness ” 

Such observations could be added to by 
other exceipts from early psychologists, but 
on the whole they seem profitless CompayiA 
(1896), more than 70 yeais ago, summarized 
the scientific aiguments against such specula- 
tions as well as against the fancies of the 
Neo-Platonists that "our birth is but a sleep 


and a forgetting ” The gist of his argument is 
that there can be no evidence on the matter 
With this point of view the writer is m ac- 
cord 

James (1890) and, more recently, Koffka 
(1924) and his associates made much of 
the fact that m eaily postnatal life specific 
experiences, like specific acts of behavior, 
become individuated out of totalities lather 
than at fiist synthesized out of disci ete ele- 
ments Thus James (1890, Vol I) says 
"The baby, assailed by eyes, ears, nose, skm, 
and entiails at once, feels it all as one great 
blooming, buzzing confusion” And again 
"Oui original sensible totals are, on the one 
hand, subdivided by discriminative attention, 
and, on the other, united with othei totals ” 
Koffka (1924) similarly asseits "Fiom an 
unlimited and ill-defined backgiound there 
has arisen a limited and somewhat definite 
phenomenon, a quality” Certainly if these 
descriptions aie adequate to the expenential 
life of the neonate, theie is no reason to 
suppose that they may not also be adequate, 
although possibly m a still vaguer form, to 
conscious fetal life If the writer weie asked 
to make a guess in regaid to tj^e matter, he 
would say that he feels that the descnption 
given above by Koffka is piobably lelatively 
adequate as a descnption of the development 
of fetal conscious experience It may be 
pointed out that such expenence may paral- 
lel reactions to many different and quite 
specific types of receptor stimuli 

So far as the present writer is concerned, 
there is no objection to applying to ontogeny, 
that is, giowth m the individual, a point of 
view similar to that now generally accepted 
m i egard to the growth of consciousness in the 
development of the animal senes Such judg- 
ments must be tieated as complex infeiences, 
howevei , and not as facts of observation The 
writer furthei points out that a scientific def- 
inition of the word "consciousness” as com- 
monly used has not yet been presented m a 
form to win geneial acceptance The problem 
of the natuie of consciousness and its rela- 
tion to the bram is still viewed as a scientific 
and not merely as a philosophical question A 
lecent book, Bram and Conscious Experience , 
edited by J C Eccles (1966), is devoted 
laigely to a consideration of the concept of 
consciousness from the point of view of neuro- 
physiology 
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The second laige problem which concerns 
the psychologist in relation to leceptor ac- 
tivity has giown out of the approach to the 
study of mental life which deals explicitly 
with the processes of behavior The problem 
of the receptoi or, possibly bettei, of stimu- 
lus control of behavior is, however, much 
older than the so-called school of behaviorism 
Kussmaul (1859) explicitly defended this 
view m undei taking his study of premature 
and normal newborn infants It is related to 
a much more geneial position, as is the view 
expiessed by Forel and quoted by Canestrmi 
(1913) “Das wahie Baumatenel dei Orga- 
msmen liefern die Reize der Aussenwelt” 
One who takes a type of “communication 
theory 1 ” approach to behavioi can considei 
that all behavioi is a result of genetically de- 
termined lesponses that result from mutations 
that led to smvival in the ancestois of each 
oigamsm oi to encoded environmentally de- 
termined learning m the individual under 
consideration 

It seems more and moie certain that, what- 
ever else scientific psychology may do, it must 
thus concern itself increasingly with the rela- 
tionship between the envuonment external to 
the receptors, be they extroceptois, mterocep- 
tors, or proprioceptors, and to the responses 
of the organism to such stimulation In any 
consideration of fetal psychology, therefore, 
special attention should be given to the facts 
of the stimulus control of behavior In order 
to understand this relationship, it will be nec- 
essary to review the current status of fact and 
theory m regard to the causes undei lying the 
beginning and differentiation of activity m the 
fetal oigamsm This considei ation may well 
serve as a conclusion to this chapter, because 
any such discussion will necessarily involve a 
review of many of those processes of fetal life 
which are even mfeientially significant for 
general psychology For an excellent consid- 
eration of this general field see Hooker (1942, 
1952, etc ) 

In the beginning of this chapter, something 
was said of the early processes of morpho- 
genesis m the developing organism It was 
suggested that the point should be kept con- 
tinually m view by one who is interested 
in behavioral development, that the general 
growth of structure and function always oc- 
curs in an organism that is in an environment 
Organisms do not live or grow in a physical 


or biological vacuum From the first cell di- 
vision m the developing individual, each 
process of stiuctural and functional modifica- 
tion is, moieover, to be considered as a com- 
plex resultant of activities Some of these 
determinants are intrinsic in the cell and are, 
indeed, in the correst sense of the term hered- 
itary, but such intrinsic determinants always 
act m a dynamic system which is also sub- 
jected to extrinsic influences Development is 
apparently always a resultant of these two 
sets of foices working mterdependently , For 
some of the evidence on this mattei, see ear- 
lier papers by Carmichael (1925, 1938) 
Sharp (1926) summarizes this point of view 
when he says m his consideration of geneial 
cytology 

The cell should not be thought of as a 
static structuie It is rather a dynamic 
system m a constantly changing state of mo- 
lecular flux, its constitution at any given 
moment being dependent upon antecedent 
states and upon environmental conditions 

To put this m another way, the problem is 
not whether a given type of behavior is a re- 
sult of heredity or environment This is true 
because the environment is essential m the 
development of all inherited mechanisms that 
determine behavior The leal question is to 
determine whether a behavior act under study 
is a lesult of the work of the genetic code or 
of the individually determined engram 

If space permitted a review of the present 
status of that part of scientific embryology 
which is devoted to developmental mechanics, 
it would become apparent that the process of 
growth m the organism involves a most com- 
plex series of energy relationships, some of 
which, it seems probable, have as yet only 
begun to be unraveled (See Aishavsky, 
1967) 

Joseph Altman (1966), in his consideration 
of the organic foundations of animal behavior, 
well considers the relationship just discussed 
m terms of different modes of neural and be- 
havioi al piogramming He emphasizes three 
phases, 

1 Fixed morphogenetic programming, 
which occurs without individual experience 
and is not generally altered by experience, 

2 Modifiable epigenetic programming, 
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which consists of essential inborn components 
but requires individual exxpenence for its real- 
ization Acquired transactional programming, 
m which new schemata of behavior are foimed 
on the basis of individual experience 

There seems, therefore, to be excellent evi- 
dence for the view elsewhere discussed by the 
writer (1925) at greater length that, from 
the movement that growth has begun m the fei- 
txlized ovum until senescence or death, devel- 
opment consists of the alteration of existing 
structures and functions m an organism living 
m a continually changing envnonment It can- 
not be ovei emphasized that theie is both an 
external and an internal environment As noted 
elsewhere m this chapter, the alterations that 
take place in the chemistry of the blood 
stream, which supplies the central nervous 
system, are fundamental m altering the way 
in which this system responds to the afferent 
neural impulses which come m from its re- 
ceptors 

Above all, it must be remembered that the 
genetic code continues to influence growth 
and behavior as long as the organism lives 

Conel (1939-1963) has studied m detail 
the postnatal development of the human cer- 
ebral cortex This elaborate series of investi- 
gations discusses the cytoarchitectomc pat- 
tern of the cerebral cortex at various early 
postnatal ages This investigator points out, 
for example, that the behavior of the human 
infant during the first month of life may be 
mediated by subcortical centers He concludes, 
“The giadual development of the structural 
components of the cortical mechanism sug- 
gests that function also develops gradually” 
Noback (1959) has also worked m this area 

In the area of human neonatal sleep, Bai- 
toshuk (1964) has investigated foui areas of 
awake and sleep samples using the eleetio- 
encephalographic techniques 

Hamburger and his associates (1957, 1963, 
1964, ‘ 1965, 1966, 1967) in a general consid- 
eration of the ontogeny of behavior and its 
structural basis presents strong evidence foi 
his previously expressed view that the early 
development of behavior is genetically de- 
termined He says, "The architecture of the 
nervous system and the concomitant behavior 
patterns result from self-generatmg growth 
and maturation pxocesses that are determined 
entirely by inherited intrinsic factors, to the 


exclusion of functional adjustment, exercise or 
anything else akin to learning ” 

The fact that learning is possible m fetal 
life has been noted previously in this chapter 
This question can thus be raised To what 
degree are the normal behavior changes that 
are observed in the early ontogenetic develop- 
ment of any typical mammal or in man a 
result of specific individual environmental 
stimulation (i e , to some type of learning or 
conditioning) or the result of the working out 
of the genetic code? 

Ray (1932) has attempted to condition fe- 
tal lesponses Spelt (1938), using the audi- 
tory responses of the fetus described above, 
has leported the conditioning of the human 
fetus These and other studies of early post- 
natal learning may be taken as demonstrating 
that the neural mechanism of the late fetus 
has matured to a level at which envnonmen- 
tally determined learning is possible This, of 
course, should not be taken as indicating that 
all behavior changes after learning has begun 
is a result of furthei learning 

The present authoi will try, in the follow- 
ing paragiaphs, to suggest one answei to this 
old and crucially impoitant question on the 
basis of his yeais of observation of fetal be- 
havior and his study of the publications of 
otheis m this field No claim is made foi orig- 
inality in what is presented here, and it will 
not always be possible to cite specific refer- 
ences for the ideas that are given This is a 
field m which much active research and the- 
oretical writing is in progiess and anything 
asserted about it at one time must always be 
considered subject to change as additional 
scientific evidence is secured 

As has been pointed out befoie, it is a tru- 
ism that all behavior depends on stiucture 
Behavior, indeed, is structure m action Be- 
havior is anything a human being oi other 
animal does Structure in the sense used here 
may be at the molecular as well as at the 
molar level As has been said more than once 
m this chaptei, the developing organism al- 
ways exists m an environment The genetic 
code of each species has indeed evolved m 
oigamsms that exist m what may be called 
“normal” prenatal and postnatal environments 
for the species Fullei and Thompson (1960) 
well express this fact' “The development of 
any trait always involves genetic and envi- 
ronmental determinants” and “a trait is called 
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hereditaiy if most of the variation within a 
population is associated with genetic endow- 
ment ” 

Today theie seems little doubt that it can 
be asserted with assurance that m all mam- 
mals including man, early behavior is a lesult 
of the activation of structures that are as they 
are largely as a result of genetic endowment 
Typical of such behavior is the elaborate rep- 
ertory of specific responses that the present 
author has described above, to take but one 
example, as characterizing the developing 
prenatal guinea pig This is true “species- 
specific behavior” It is possible to quibble 
about the words used, but there can be no 
doubt that these standard prenatal reactions 
are as surely hereditary as in hair color, tooth 
pattern, or species-specific skeletal makeup 

As any mammal passes through ontoge- 
netic development, it comes to a stage or 
period at which some type of learning or con- 
ditioning can be demonstrated as important 
in determining the adjustments that the in- 
dividual mammal makes to the environment 
m which it is adaptively existing This does 
not mean that the genetic code has ceased to 
operate m the altering of some of the struc- 
tures on which some observable behavior 
change depends In other words, even after 
an animal can learn, some of its behavior 
changes are a result of maturation rather than 
learning There is, therefore, m postnatal life, 
a close and interlocking interrelationship be- 
tween “maturation” and “learning” m deter- 
mining the multitudinous specific structural 
changes on which new adaptive acts depend 
In this connection, a point should be empha- 
sized again that is clearly made by Margaret 
Green (1966) She says, “In multicellular or- 
ganisms many kinds of cells are formed and 
it is clear that although each kind contains 
the whole array of genes present m the zygote, 
only certain genes are active m each different 
kind of cell In some way, genes are called 
into action at particular times and promote 
changes which may then call certain other 
genes into action or repress activity of others 
already active” 

It may be helpful here to consider this 
mechanism of embryologic growth and of 
behavior change in different words No one 
doubts that if any population of organisms 
is to survive and reproduce its kmd and es- 
cape extinction, enough of its members must 


adapt successfully to what is ordinarily its 
own geographically isolated niche so as to 
allow the essential reproductive activity that 
alone makes it possible for the gene pool of 
the population of organisms in question to 
remain at a viable level This means that 
each species of organism and its environment 
must communicate at all times and they must 
communicate m an adaptive way The ge- 
netic code may thus be thought of as a rec- 
ord or, to use a standard analogy, as a “punch 
card” by means of which adaptive communi- 
cation between the ancestors of the living 
members of a species and their environments 
have taken place and allowed the origin and 
the viable life of the ancestors of present 
representatives of any species Each phylo- 
genetic code has developed by mutation and 
the organisms possessing such codes are those 
that survive as a result of all the processes 
called “natural selection ” 

Because of its inborn genetic code, there- 
fore, each new orgamsm is able to communi- 
cate adaptively with its envnonment on a 
basis that is similar in some respects to that 
which previously allowed the survival of its 
ancestors 

As Hirsch (1962) well says, “We cannot 
understand the behavior of an organism with- 
out understanding the organism not only as 
an integrated and coordinated system re- 
sponsive to its environment but also as a 
member of a population with a unique evolu- 
tionary history adapting it to the niche it 
presently occupies ” 

In the ontogeny of the human beings and 
all other mammals, as just pointed out, the 
genetic code produces a stage or stages at 
which adaptive changes are not only made 
on the basis of ancestral information con- 
cerning what is adaptive, m communication 
between the organism and its environment, 
but also m the production of a new, vitally 
important characteristic by means of which 
new environmental information can produce 
structural changes basic to individual habits 
or other individually determined acts of 
adaptive behavior That is, the genetic code 
determines a level or a series of levels of 
development at which learning or specific 
types of learning are possible Barlow (1961) , 
m considering the physiology of sensory in- 
puts, emphasizes that such' messages are 
compressed by removing redundancy and 
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thus suggests the idea that the code which 
compi esses messages may also constitute the 
basis of memoiy (See paiagiaphs on pei- 
ception above ) 

This view that the changes of behavioi 
that result fiom both maturation and learn- 
ing aie to be consideied as dependent on 
mechanisms by means of which an orga- 
nism “communicates” with its environment 
needs much furthei study and amplification 
It may be that the key to both these proces- 
ses will be found m a new undei standing of 
the engiam In this sense the term engiam 
is used to describe the physical basis of habit, 
that is, a hypothetical moie 01 less perman- 
ently alteied state of living tissue resulting 
from pievious excitation If this view is 
adopted, it may be said that just as a record 
of the successful communications between 
a species of oiganisms and then environments 
(which have led to survival) aie stoied m 
the DNA-RNA mechanisms, so also it may be 
that individual adaptive changes m behavior 
which are based on learning are dependent 
on individually acquired coded moleculai 
changes 

It is clear that the changes established by 
individual experience do not directly altei the 
phylogenetic code This code is earned in 
the germ cells of each succeeding generation 
until changed by mutation Biology has 
clearly demonstiated that the so-called La- 
maikian theoiy of evolution — that acquired 
characteristics somehow become hereditary 
chaiactezs — is not true In other words, ex- 
cept as mutations change the code of the 
germ cells of populations of oiganisms the 
adaptive acts of the adults of any popula- 
tion do not altei the basic genetic code of 
that population 

The two codes mentioned above do, how- 
ever, play complex loles in the detei ruina- 
tion of the structures, whether molecular or 
molai — on which the adaptive lesponses of 
orgamsms to the information secured from 
the envuonment at any time depend The 
full ontogeny of individual behavior can thus 
be thought of as dependent m an mtneate 
way on both of these coded systems An 
example may make this more clear The 
terrestrial locomotion of mammals, including 
men, can, as indicated above, be shown to 
depend m a basic way on the genetic code 
and also upon the particular engram system 


of the individual, which has been detei mined 
by the oiganism’s specific learned habits of 
locomotion m the particulai envuonment in 
which it exists and has developed The com- 
plexity of this problem is well analyzed by 
Hyden (1967, 1967a) in his papei on be- 
havior, neuial function, and RNA 

As alieady suggested, theie is much that is 
still speculative m the consideration of the 
lole of phylogenetic and ontogenetic codes, 
as just presented, but this view is given heie 
as a means of stimulating further study and 
lesearch Foi a consideration of some of the 
pioblems involved m thinking of a chemical 
basis of learning of the soit suggested heie, 
the readei should consult a papei and lefei- 
ences given by Agranoff (1967) in a con- 
sideiation of memory and piotein synthesis 
In a consideration of the chemical basis of 
memoiy, see Flexnei, Flexnei, and Stellai 
(1963, 1967) and the leferences given by 
them 

The immediately preceding paragiaphs 
contain statements that must be viewed to- 
day as speculative What has been written is 
intended to suggest that scientific work of 
gieat impoitance is now in progiess that may 
soon give a fiim scientific basis foi an under- 
standing of the growth of noimal and ab- 
normal behavioi and of applied pioceduies 
to modify behavioi whethei the molecular 
basis of such behavioi is seen to be “inborn” 
oi “acquned” This will then indeed show 
how important it is foi the psychologist to 
understand the onset and eaily development 
of behavior 

The student who wishes further study m 
this field should consult, besides the detailed 
leferences given, papei s by Hooker (1936, 
1939a, 1942, 1943, and especially 1952), 
which summarize much of the work in this 
field, the summary of the early work on the 
development of behavior by Dewey (1935), 
and the important book Physiology of the 
Fetus Origin and Extent of Function in 
Prenatal Life by Windle (1940) Chaptei 17, 
“The embryology of behavioi” m Marler and 
Hamilton (1966) is an especially valuable 
shoit mtioduction to this field 

The late Sn Joseph Baicioft’s important 
work, to which many lefeiences are given 
m this chapter, is also summarized m a book, 
Researches on Pre-Natal Life (1946) Early 
development in general is summarized in a 
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chapter, “Ontogenetic Development/* by 
Carmichael in the Handbook of Experimental 
Psychology , edited by S S Stevens, 1951 
This chapter may well end by two quota- 
tions from poets The first is from Oliver 
Wendell Holmes (noted by Irving m his 
foreward to Smiths excellent The Physiology 
of the Newborn Infant , 1946) 

So the stout fetus, kicking and alive, 
Leaps from the fundus for his final dive 
Tired of the prison where his legs were 
curled 

He pants, like Rasselas, for a wider world 


No more to him their wanted joys afford 

The funged placenta and the knotted cord 

The second is prose, written by a poet — 
Coleridge (1885) 

Yes — the history of a man for the nine 
months preceding his birth would probably 
be far more interesting and contain events 
of greater moment, than all the three score 
and ten years that follow ltl 

Poets have a way of understanding what 
psychologists sometimes miss! 
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WILLIAM R THOMPSON AND TOAN E GRUSEC 


Developmental psychology, with which this 
book is concerned, has tended to employ two 
major methodological orientations to its sub- 
ject-matter The first — and certainly the more 
usual — is the normative-descriptive This has 
been the approach traditionally taken by most 
workeis m child psychology The kinds of 
datum gathered by Gesell and his colleagues 
at Yale aie proto typic of this approach m that 
they are basically descriptions of the behavioi 
of children at each chronological age level 
The woik of Piaget and otheis at Geneva has 
been similar, although the use of simple 
age as the major anchonng variable has been 
rather less emphasized That is to say, Piaget 
has attempted to denve stages based on de- 
velopmental sequences, although these aie 
not necessarily peifectly con elated with chron- 
ological age Ultimately, however, such so- 
called stages aie based on description supple- 
mented by a good deal of guesswork and 
without much lefeience to any basic theo- 
retical conceptualizations of whether there 
are changes taking place m the developing 
organism that demand such psvchological 
transitions 

The second 01 lentation is the experimental- 
predictive Here the focus is less on empirical 
assays of what the organism is like at certain 
penods of its development than on the later 
outcomes of ceitain treatments that are im- 
posed either bv natuie or bv deliberate ex- 
perimental manipulation early m life The 

1 This chapter was prepared with the aid of grants 
from the National Research Council, the Arts Re- 
search Committee of Queen's University, and the 
Ontario Alcohol and Drug Addiction Research 
Foundation 


retrospective clinical investigations of Freud 
— though he himself did virtually no work 
with children — belong to this orientation, as 
does most of the work done on development 
m animals, that is, the so-called studies of 
early experience 

It is of some importance to note that the 
two approaches have seldom been combined, 
for a variety of historical leasons Thus we 
find very little attention paid, m most of the 
work on early experience, to descriptions of 
the behavioral characteristics of a young ani- 
mal, which might permit the isolation of those 
characteristics responsible for determining the 
later lesidua of whatever treatment the ex- 
perimenter has imposed On the other hand, 
most child psychologists have been content to 
deal with their subjects descriptively at some 
particulai age level as if they all occupied a 
kind of neutial and uniform envnonment and 
had no past and no future 

One result of this disparity between the 
two orientations has been an almost complete 
lack of fruitful theorizing pertaining uniquely 
to the area of developmental psychology 
There are certainly broad schemas such as 
those of Gesell (1946) and Werner (1957), 
but these have not readily been translatable 
into sets of specific questions that can be 
asked and answered m apiecise experimental 
manner The same can be said of at least 
many of the conceptions of Piaget On the 
animal side, we again find a lack of theorizing 
and, instead, an endless proliferation of stud- 
ies dealing with more and more exotic in- 
dependent and dependent variables These 
experiments leave no doubt that early experi- 
ence is extiemely important But they do not 
explore the nature of the residual effects nor 
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the manner m which thev are stored by organ- 
isms at a voung age Yet these are the basic 
issues we wish to undei stand 

THE ESSENTIAL PROBLEM 

It is easy to demonstrate that a rat 01 mouse 
that has been handled, shocked, vibiated, 
cooled, or heated as an infant behaves diffei- 
ently from an animal that has not undergone 
such treatments As we just stated, early ex- 
pennce is important This is a simple enough 
postulate, yet its terms are rich in possible 
meanings “Eaily experience” coveis presum- 
ably all age levels from conception to matur- 
ity — a lengthv period during which the ex- 
periences of animals with lespect to some 
imposed treatment cannot be uniform The 
response of a human fetus to anxiety m its 
mother surely cannot be the same as that of 
the foui -yeai -old child and hence the residual 
effects of these expenences, if anv, are bound 
to be different The question we must ask is 
how the early period of life can be broken up 
m a manner that takes account, not so much 
of the changes in chronological age that are 
occurnng, but lather of the changes m de- 
velopmental charactei istics that are also going 
on For although these lattei changes must 
vary with age, the relationships they may 
have with age are not necessarily one to one 
Age proceeds, by definition, m terms of uni- 
form increments Such developmental varia- 
bles as differentiation and growth, however, 
are usually consideied to be sigmoid or logis- 
tic in form When we attempt to make pre- 
dictions about the effects some early experi- 
ence may have later m life, it is such basic 
dimensions as these to which we should turn 
our attention 

What we are suggesting, m short, is that 
more information be obtained about the prop- 
erties — physiological and psychological — -of 
voung oiganisms and that these be used to 
formulate theoretical models that will put 
more predictive potency into the rationale that 
lies behind the study of early experience 

The same kind of examination must be 
made of the teim “important ” It is very sel- 
dom that any careful definition of this key 
word is attempted Schaefer and one of the 
writers (Thompson and Scheafer, 1961) sug- 
gested it must involve the following dimen- 
sions* 


1 Extent of change m a paiticular func- 
tion, foi example, the size of increment oi 
decrement m open-field activity as shown by 
a treated group of animals as compared with 
controls 

2 The potential reversibility of the change, 
that is, how easy or difficult it is, by using 
special procedures, to produce a leveision to 
the control level 

3 The permanence or duration of the 
change, that is, the lack of any tendency foi 
tieated animals spontaneously to drift back to 
a normal level 

4 The geneiality of the change — meaning 
simply the number of discrete functions oi 
structures affected bv the tieatment 

Together, these constitute the operational 
meaning of “impoitant” when we use this term 
m connection with the effects of early experi- 
ence 

One fuithei point must be made most em- 
phatically The meanings specified above can 
have usefulness only when the experimental 
compai isons made aie of a foui-way type 
that is, between young treated and nontreated 
and adult treated and nontreated groups The 
use of such a 2 X 2 design is usually imprac- 
ticable with human subjects for obvious rea- 
sons, but with animals it should be (though 
it seldom is) regarded as mandatory Obvi- 
ously, we can say little about the unique 
charactei istics of voung systems unless we can 
compai e them with adult oiganisms 

Besides a formal explication of the phrase 
“earlv experience is important,” we may ar- 
rive at some understanding of the theoretical 
pioblems that are latent m the phrase by 
sketching the historical background out of 
which empirical woik arose Let us now ex- 
amine this 

HISTORY OF WORK ON EARLY 
EXPERIENCE 

The historv of the geneial problem as it 
has been commonly understood is far broadei 
m scope than the history of the problem as 
we have moie precisely defined it That is to 
say, there has been a great deal of work done 
on topics like the nature of growth, the prob- 
lem of maturation versus learning, the modi- 
fiability of child intelligence by special pro- 
cedures such as orphanage i earing, nurserv 
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school experience, and the like Howevei, m 
only a few of these areas has there been any 
real theoretical interest in 01 experimental 
provision foi educing from the data cntical 
information about pioperties that mav distin- 
guish the young from the mature oigamsm 
To take an example, during the late 1930s 
and early 1940s, a senes of studies was cai- 
lied out by Wellman, Skeels, Skodak and 
others at Iowa purporting to show that the 
IQs of mentally defective childien could be 
significantly raised by exposure to special 
schooling Institution reanng, on the othei 
hand, was supposed to have the opposite ef- 
fect These lesults were subsequently chal- 
lenged by a number of critics, including es- 
pecially Goodenough (1939) and McNemai 
(1940), on the giounds of inadequate conti ol 
and statistical procedure Consequently, then 
validity must be considered doubtful, but 
whatever the case, certamly no conclusion can 
be di awn from such data legal ding the im- 
portance of the youth of the subjects as a 
major factoi influencing the outcome The m- 
teiest of the Iowa group was more bioadly m 
the problem of modifiabihtv of intelligence m 
general rather than merely in young systems 
Thus such studies stand a little apart from the 
category we wish mainly to consider m this 
chapter 

The commitment that must define this cate- 
goiy — and it may be held implicitly and ex- 
plicitly — is to the notion that an expenence 
imposed on an organism will have different 
effects accoidmg to whether it is mature or 
immatuie since the immature organism has 
certain special properties Using this notion 
as a guideline we may tiace foui theoietical 
traditions that together include most of the 
woik on early experience (1) the tradition 
of developmental biology, (2) the psychiatric 
and psychoanalytic tradition, (3) the tradi- 
tion of physiological psvchologv, and (4) the 
ethological tradition 

The Tradition of Developmental Biology 

Major ideas about the process of biological 
development have been well reviewed by 
Hunt (1961) and Kuo (1967) One of the 
major issues on which most theorists have 
taken a position has concerned the plasticity 
or modifiability of the developing organism 
and the extent to which its phonotype may 
deviate from its expected genetic pathway oi 


“creode” as Waddmgton (1957) has called 
it The logic of Darwinian evolutional y theory 
coupled with classical Mendehan genetics 
woiks better if it can be assumed that the 
phenotype on which selection acts bears a 
lelatively fixed i elation to genotype, so that 
the “right” individuals — that is, those with the 
gieatest probability of suivival — are the ones 
selected Certainly, the kinds of characters 
with which both Darwin and Mendel were 
concerned, such as flowei coloi , or avian plu- 
mage, were stable enough And even behav- 
101 al tiaits could be viewed in the same way 
In his book Expiession of Emotions m Man 
and Animal (1872) Daiwm attempted to 
show how the apparently fluid behaviors in- 
volved m animal communication were made 
up of fairly fixed components and that the 
lesiduals of these could also be found m hu- 
man beings A further step was taken by a 
numbei of developmental biologists who at- 
tempted to define more precisely the essential 
building blocks of behavior Their work, for 
the most part, was done on lower organisms 
such as paramecia, stentor, hydra, and plan- 
ana Thus Jacques Loeb (1890) formulated 
his famous tropism theory, according to which 
the dnected behaviors of many species — for 
example, the medusa Tiaropsis mdicans — 
could be explained m terms of mechanical 
conti action or extension of musculature in the 
region of the stimulated surface area The re- 
sult of this was an onentation directly towaid 
or awav from the souice of stimulation, thus 
rectifying, as it weie, the animal’s relation 
with the external world 

In a similar vein, von Uexkull, from his 
work on the sea urchin, proposed the concept 
of reflex , by which he meant the relatively 
m vanant i elation between certain afferent 
nerves and certain muscles At least m its 
bioader sense, it was intended to include the 
behavioi of animals without as well as ani- 
mals with nervous systems — though for the 
former, von Uexkull pi ef erred to use the term 
antitype rather than leflex (see Jennings, 
1915) 

Although a ladically mechanistic approach 
to behavioi may have been highly compatible 
with Darwinian theory and was certamly fash- 
ionable around the turn of the century, it was 
not one that fitted all the facts One of the 
first to demonstrate this was H S Jennings 
with his extensive studies on a variety of pro- 



568 WILLIAM R THOMPSON AND JOAN E GRUSEC 


tozoa, especially amebas, and some of the 
lower metazoa He introduced his work by 
stating 

The modifiability of the characteristics of 
organisms has always been a subject of the 
greatest importance m biological science 
In the processes of behavior we have char- 
acteristics that are modifiable with absolute 
ease (The general problem) is what 

lasting changes are pioducible m oigamsms 
by the environment or otherwise, and what 
are the principles governing such modifica- 
tions? Perhaps m no other field do we have so 
favorable an opportunity for the study of this 
problem, fundamental for all biology, as m 
behavior (1915, p VI) 

The data obtained by Jennings clearly 
showed that the lower organisms he studied 
were not, at least in the usual sense, machines 
Their behavioi showed variety and spontane- 
ity to an extent not readily encompassed by 
such notions as tropism and reflex Thus the 
behavior of an ameba was clearly adaptive 
and the rules that governed such adaptiveness 
"apparently form the fundamental basis of in- 
telligent action This fundamental basis then 
clearly exists even in the Protozoa, it is ap- 
parently coextensive with life It is difficult if 
not impossible to draw a line separating the 
regulatory behavior of lower organisms from 
the so-called intelligent behavior of higher 
ones, the one grades insensibly into the other 
From the lowest organism up to man behavior 
is essentially regulatory m character and what 
we call intelligence m higher animals is a di- 
rect outgrowth of the same laws that give 
behavior its regulatory chaiacter m the Pro- 
tozoa” (Jennings, 1915, p 335) 

Out of this interest in the modifiability of 
behavior and the general search for units out 
of which behavior is built has emerged a great 
deal of basic empirical work Some of this has 
focused primarily on the plasticity problem, 
some of it primarily on the bmldmg-blocks 
problem Thus we have a line of research 
starting mainly with Coghill on amblystoma, 
Kuo on the chick, Barcroft on sheep, and 
Wmdle on the cat which has attempted to 
show just how maturation proceeds (see Car- 
michael, 1954, Kuo, 1967) Coghill (1929), 
on the basis of his research findings, put for- 


ward the view that specific forms of action 
come to be individuated out of an initial ma- 
trix of total, massive lesponding Kuo, on the 
other hand, working with avian embryos and 
using more pi ease techniques, as well as Wm- 
dle (1940) and others, came to an opposite 
conclusion specific movements or reflexes ap- 
pear first and these form the elements out of 
which later complex behaviors are constituted 
(see Carmichael, 1954, Kuo, 1967) Such a 
disagreement is very difficult to settle empiri- 
cally since the exact spatial limits of any re- 
sponse are hard to define and, in any case, 
depend greatly on the intensity and coarse- 
ness of the stimulus used to evoke it How- 
ever, such descriptive work on developmental 
sequences is not essentially lelevant to our 
present discussion The interested reader may 
consult Carmichael (1954), Kuo (1967), and 
Aaronson et al (1966) for reviews of it Our 
concern heie is rathei with the extent to 
which such early behaviors are modifiable be- 
foie they assume then stable and crystallized 
adult forms The two basic viewpoints about 
this pioblem have mcelv been summarized by 
Gottlieb 

One viewpoint holds that behavioral epi- 
genesis is predetermined by invariant oiganic 
factois of growth and differentiation (particu- 
larly neural maturation), and the other mam 
viewpoint holds that the sequence and out- 
come of prenatal behavior is probabilistically 
determined by the critical opeiation of various 
endogenous and exogenous stimulative events 
(Gottlieb, 1966a) 

The first position is currently held bv Ham- 
burger and his colleagues at Washington Uni- 
veisity, the second bv Kuo, Gottlieb, Schneirla, 
and others Whatever the final conclusion may 
be, there is no doubt that the disagreement 
has generated a most useful and active line 
of research There seem to be strong indica- 
tions that many embryo motor systems show 
rhythms or discharges that are called out by 
spontaneous activity of spinal motor neurons 
(Hamburger 1962, Alconero, 1965) On the 
other hand, it is equally true that, under at 
least some circumstances, exogenous or en- 
dogenous stimulation is an important contrib- 
uting factor to developmental changes Thus 
it appears that cardiac beat and amnion con- 
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tractions produce motility in avian embryos 
and that there is, m fact, a high correlation 
between heart rate and frequency of bodily 
movements (Kuo, 1967) Furthermore, Gott- 
lieb (1966b) has put forward the interest- 
ing idea — which he is able to back with some 
data — that the lesponsiveness of chicks and 
ducks to their species call is produced, at 
least m part, bv self-stimulation arising from 
their own vocalizations at hatch 

It is obvious that this kind of leseaich, even 
from our very brief account of it, has beanng 
on the early expenence problem, since it deals 
directly with the plasticity of young systems 
and the degiee to which the developmental 
couise then behavior follows can be altered 
by envnonmental influences 

The Psychiatric Tradition 

Sigmund Fieud was perhaps the first to 
emphasize the importance of childhood events 
m determining later behavior Certainly, other 
psychologists weie engaged m studying chil- 
dren, but not with a view to specifying long- 
term outcomes resulting fiom some kind of 
early treatment Freud himself, aside fiorn his 
brief contact with “Little Hans,” did not work 
with children and his construction of the 
stages of psychosexual development was made 
on the basis of inference from the reported 
experiences of his adult patients Nonetheless, 
he set the stage foi the emergence of a strong 
tradition of child psychiatry Prominent m 
this movement were such woikeis as Anna 
Freud, Melanie Klein, and Susan Isaacs, all 
of whom attempted to validate and extend 
the formulations of Fieud thiough actual ob- 
servations of children Much of this early 
work, set as it was m the rathei cabalistic 
framework of psychoanalytic theory, tended 
to receive scant attention fiom orthodox ac- 
ademic psychology It was not until the later 
1930s and early 1940s that a link between 
theory and experiment was made by Marga- 
ret Ribble (1939, 1944) Her observations 
carried out on 600 infants seemed to show 
that adequate “mothering” was a preiequisite 
to normal development Deprived of contin- 
ued, umnteuupted contact with a mother or 
substitute caretakei , the newborn would often 
commence to manifest a varietv of undesir- 
able and often fatal symptoms collectively de- 
scribed bv Ribble as maramus Both her data 


and her theoretical tieatment of them were 
open to many criticisms, which were later 
forthcoming (Orlansky, 1949, Pmneau, 1950, 
1955) Nonetheless, there is no doubt that her 
basic findings caught the attention both of the 
public and of professional psychologists and 
laid the groundwork for several important 
lines of research Since we discuss these in 
moie detail m the main body of the chapter, 
we need only mention them here very briefly 
One basic line of research is simply an at- 
tempt to replicate and extend m various direc- 
tions Ribble's basic data Studies such as those 
of Goldfarb ( 1945a) and Provence and Lipton 
(1962) on orphanage reanng and those of 
Spitz (1945) and Bowlby (1952) on separa- 
tion and lack of mothering are examples They 
have, m the mam, confirmed the original find- 
ings of Ribble A rather more unexpected line 
of work, however, was that started with the 
experiments of Bernstein (1952) and of Wei- 
mnger (1953) on the effects of “mothering” 
or “gentling” on the latei behavioi of young 
rats The number of studies devoted to exam- 
ining this problem has been very great and it 
is still being examined Generally, the data 
have given at least indirect support to the 
conclusions initially drawn by Ribble Young 
rats and mice that aie given additional stim- 
ulation in moderate amount turn out to be 
healthier, less emotional, better motivated, and 
faster learners than those left alone with their 
motheis It is curious that the natuial mother 
should turn out to be apparently less than 
adequate in this respect, but perhaps from the 
standpoint of survival and adaptation to a lab 
situation, the kind of “personality” the mother 
rat or mouse nuts into her young is optimal 
For the most part, such experimentation on 
early stimulation has been of a highly empiri- 
cal character Every conceivable aspect of the 
problem has been examined the type and in- 
tensity of stimulation, the age at which it is 
administered, the type of behavioral and phys- 
iological and biochemical effects that it has, 
and the characteristics of the animal on which 
it is imposed Such studies have certainly re- 
sulted m the accumulation of a great deal of 
mfoimation But it has become very clear that 
what is needed is some kind of theoretical 
ordenng of such data — conceptualizations that 
point up the most fruitful directions that fu- 
ture research should follow As we shall show 
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later, there are now signs that theorizing is 
indeed on the mciease 

The Tradition of Physiological Psychology 

A critical problem foi physiological psy- 
chologists woikmg between the 1920s and 
1940s was just how the residuals of learning 
are laid down in the brain Kail Lashlev, who 
initially hypothesized a connectionistic view, 
aftei many yeais of experimentation moved 
to a field-theoi etical approach The greatei 
feasibility of the field-theoretical approach 
was suggested to him by two sets of data m 
particulai first, the high positive i elation be- 
tween loss of learning and retention capacity, 
on the one hand, and amount of loss of brain 
tissue independent of locus , and, second, the 
genei alizatiom that animals were able to 
make between figures oi patterns on which 
they had been tiamed to ones they had nevei 
seen before Such facts laised a dilemma and, 
as Hebb has so clearly pointed out, different 
theorists took diffeient positions with respect 
to it Speaking of two of these, Hebb says 

Kohler (1940), foi example, starts out with 
the facts of perceptional generalization, in his 
theory of cortical fields of force, and then 
cannot deal with learning He has no ap- 
parent way of avoiding a fatal difficulty about 
the nature of the trace, its locus and struc- 
ture 

The theoiy elaborated by Hull (1943), 
on the other hand, is to be regaided as pio- 
viding fiist of all for the stability of learning 
It has persistent difficulties with peiception 
(1949, p 15) 

In his woik The Organization of Behavioi 
from which we have drawn this quote, Hebb 
attempted a solution to the pioblem Perhaps 
its two most central propositions were as fol- 
lows 

1, The functions of perception and of 
learning depend on the establishment m the 
cortex of complex neuronal networks of neu- 
rons — or cell assemblies — whose integrity as 
units is maintained by structural changes oc- 
curring at the synapses between them Such 
networks may be spiead over widely dis- 
persed cortical areas and may involve many al- 
ternative pathways 

2 Learning during adulthood depends on 


the kind of learning that has gone on early 
m life The two tvpes of learning have quite 
diffeient propeities, varying with phylo- 
genetic level Such a skill as learning to per- 
ceive, which mamlv constitutes primary 
learning, for example, occius relatively slowly 
in highei pumates, but rather quickly m 
lowei species, wheieas the kind of conceptual 
learning that goes on at matunty tends to be 
much more efficient m higher than in lower 
animals 

Hebb’s analysis of the mechanisms of the 
development of learning m animals is one of 
the most subtle and incisive that has been 
made It has been explored experimentally, 
howevei, only with respect to its broad em- 
phasis on the importance of early experience 
foi latei ability and intelligence One of the 
fiist such studies was done by Hebb himself 
He (and his daughteis) reared seven rats at 
home as pets These weie latei compared 
with cage-reared conti ols on Hebb-Williams 
maze performance The fiee-environment ani- 
mals were markedlv superior, thus demon- 
strating the importance of earlv learning m 
detei mining adult intellectual ability This 
kev expenment has served as a paradigm for 
many subsequent studies, for example, those 
of Hymovitch (1952), Forgays and Forgavs 
(1952), Foi gus (1954, 1955a, 1955b) on rats 
and the series on dogs mainly by Thompson, 
Heron, Melzack, and others (cf Thompson 
and Melzack, 1956) Work on the prob- 
lem still continues (eg, Schweikert and 
Collins, 1966, Fullei and Clark, 1966a, 
1966b) The results of all this work support, 
m the mam, Hebb’s emphasis on the impor- 
tance of peiceptual learning early m life It 
is of some interest to note at this point that 
such experience produces not only clear be- 
havioi al but also clear anatomical and bio- 
chemical effects m the centi al nervous system, 
as shown by the extensive series of Krech, 
Rosenzweig, and otheis at Berkeley (cf 
Rosenzweig, 1966) Much of the tradition we 
have outlined has been well reviewed by 
Hunt (1961) and bv Newton and Levme 
(1967) 

The Ethologipal Tradition 

Ethology a movement mainly among Eu- 
ropean naturalists, has also produced sig* 
mficant contributions to the study of early 
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expei ience Intel est m the social stiucture of 
animal populations has led naturally to the 
question of how social attachments between 
animals — whether these have to do with re- 
production, maternal caie, or general commu- 
nication — arise m the first place Konrad 
Loienz (1935), one of the initiators of work 
m the area, put forward the view that, m the 
case of birds — pai ticularly such precocial 
species as domestic chickens, ducks, and 
geese — the hatchling learns m one brief ex- 
posure a relatively permanent attachment to 
an object pzesented to it at this time, normally 
the mother Lorenz (1935) called this rather 
unique form of learning imprinting A large 
volume of work on this topic has since ap- 
peared, concerned with such problems as the 
characteristics of the mother oi surrogate that 
maximize lmpunting, the age at which it 
optimally occuis, the species in which it can 
be found, its reversibility, ways of measuring 
it, and its i elation to adult behavior, m par- 
ticular, mate choice Although imprinting may 
be thought originally to have represented a 
rather recondite phenomenon of interest only 
to naturalists, it has clearly come to offer a kind 
of paradigm for considering all aspects of 
early socialization and hence to have impor- 
tance to all psychologists studying learning 
and development Even these workers dealing 
directly with children have been influenced 
by the imprinting studies, for example, 
Bowlby, who has pioposed a theory of in- 
fant maternal attachment with a strong etho- 
logical bias (Bowlby, 1957), 1958) The 
concept of imprinting has also been extended 
in a number of directions to take m territorial 
and food preferences (see Hess, 1959) The 
general problem with which these deal, how- 
ever, is the same — the effects of earlv experi- 
ence on later behavior 
The preceding overview of the history of 
work m the area indicates that it is of a very 
basic nature, drawing together many diver- 
gent methodologies and theoretical points of 
view For this reason, perhaps, it is a difficult 
task to find a “best way” of reviewing rele- 
vant literature We have chosen to order the 
empirical work mainly according to age level 
Prior to this we present a short discussion of 
what properties characterize young living sys- 
tems and the major methods used in the early 
experience work We shall end the chapter 
by presenting some of the theoretical models 


that have been put forward to handle the 
eaily experience problem 

THE NATURE OF YOUNG ORGANISMS 

The most obvious characteristic that dis- 
tinguishes young from adult organisms is age 
However, by itself, the simple passage of time 
is an empty variable and has no special im- 
plications We must focus instead on those 
dimensions which change as a function of age 
and which carry implications for the input, 
output, and storage characteristics of young 
oigamsms For it is these functions that are 
of majoi lele vance to any leal undei standing 
of how early experiential effects operate 

A good many such basic developmental 
variables have been specified by different 
writers Let us now look at some of these 

Differentiation 

Differentiation lefers, generally, to the 
transition from a relatively unitary system to 
one with independent parts At the physio- 
logical and morphological levels, we find 
occurring with age such processes as histo- 
genesis, regionalization, and morphogenesis, 
wheieby qualitative differences m foim, struc- 
tuie, and function start to become apparent 
Thus a zygote becomes a blastula and gradu- 
ally, through gastrulation, the distinctive 
ectodeim and endoderm cell layers form, fol- 
lowed eventually bv the mesoderm Each of 
these structiues is potentially directed to cer- 
tain functions such as neural conduction and 
sensory reception, digestion and metabolism, 
and body support 

At the behavioial level the dimension is 
somewhat more difficult to define On the in- 
put side, we may think of it as having to do 
with the improvement m discriminative ability 
that occurs with increasing age up to and per- 
haps beyond maturity Hebb (1949) has sug- 
gested that initially the newborn perceives 
only unities but not identities The speed of 
learning this second type of task may vary ac- 
cording to the species, lower ones accomplish- 
ing it in a much shorter time than higher 
species, due possibly, according to Hebb 
(1949, p 124), to a largei association cortex 
to sensory coitex ratio in the higher This 
kind of peiceptual differentiation is similar to 
that described by Gibson and Gibson (1955), 
namely, the progressive increase in corre- 
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spondence between the input systems and en- 
vironmental stimulation It may be contrasted 
with the so-called “emichment” theones, 
which attempt to account for improvement m 
peiceptual discrimination by postulating that 
cues became “distinctive” by giadually ac- 
quiring associations with other stimuli or re- 
sponses There aie undoubtedly such acquisi- 
tions, but it seems likely that they pertain to 
later rather than early learning in Hebb’s 
terms, and are dependent, in the first instance, 
on an initial refinement of the perceptual sys- 
tem simply through its exposure to the envi- 
ronment 

In the case of some sensoiy modes, the 
motor side must also be implicated Eye move- 
ments and accommodation ceitamly play a 
pait in the building up of differentiation m 
the visual system Haynes, White, and Held 
( 1965) , for example, have used the techniques 
of dynamic retinoscopy to demonstiate that 
accommodation m the human infant is ini- 
tially poor Until aiound the fourth month, 
proper focus occuis only for objects at a dis- 
tance of around 19 cm Likewise, the woik of 
Kessen (1967) and his associates at Yale sug- 
gests that visual scanning plays a critical role 
m the building up of peicepts of shapes such 
as triangles 

On the motor side as such, diffeientiation 
must also occur It seems convenient, as 
Thompson (1966, 1968) has attempted to 
show, to consider this separately from the in- 
put side, since this division allows us to think 
of development m terms of an S-R framework 
In any case, common observation suggests 
that as an organism matuies, there is an in- 
creasing independence of muscles oi muscle 
groups Thus the prehension of objects ini- 
tially involves the whole limb, which is used 
m a kind of “raking” movement This gross 
movement gradually becomes refined into the 
delicate and economical finger-thumb opposi- 
tion normally used by an adult, to pick up 
some object (Halverson, 1931) As with input 
systems, it is likely that diffeientiation on the 
output side may follow a two-stage develop- 
ment, the first being concerned with the lay- 
ing down of basic skills, the second with the 
learning of the more refined and complex co- 
ordinations often demanded of adults Thus 
by the time a child is 10, he usually will have 
a repertoire of movements sufficient to meet 
most of the demands his culture may place on 


him — for example, crawling, walking, running, 
climbing, and writing On these basic skills 
will be built — with a great deal more rapid- 
ity — vanous special sets of responses such as 
riding a bicycle, driving a car, ballet, swim- 
ming, piano playing, and so forth 

It is probable that diffeientiation proceeds 
at different lates m diffeient systems For ex- 
ample, tactual differentiation may well be 
consideiably ahead of visual or auditory dif- 
ferentiation Comparing the average late foi 
input with the average rate for output, it is 
also likely that the auditory differentiation 
lags consideiably behind the tactual Thus 
the young infant’s peiceptual capacities are 
considerably closei to the level they will even- 
tually reach than are his motor abilities By 
8 months of age he can disci lmmate through 
most of his sensory systems a considerable 
range of fine differences But his Jocomotoi, 
manual, or vocal skills at the same age are 
very far from the level of lefinement they 
will show at matuiity We shall examine, later 
m this chapter, some possible consequences 
of these kinds of postulated differences m re- 
spect to rate of differentiation 

Growth 

This developmental parameter lefers basi- 
cally to the increments in size or in numbei of 
elements that occur m living systems as they 
change with age (Shock, 1951) Thus most 
organisms get bigger as they get older Some 
level off as they approach sexual matunty, 
but others, for example, many plant foims 
and some fish, continue the piocess until they 
die We also find mciements m subsystems 
of the whole, foi example, number of fibeis 
m spinal nerves m human beings (cf Zubek 
and Solbeig, 1954), total biain weight, den- 
sity of neuial and glial cells, cell mitochon- 
dua, and quantity of chemical compounds 
such as ACh, ChE, and GABA per unit mass of 
tissue (cf Himwich, 1962) Kascer has sug- 
gested (cf Waddmgton, 1957), maccoidance 
with the above, that growth produces an m- 
ciease m the redundancy of a system and that 
a consequence of this will be a difference be- 
tween young and mature systems with respect 
to “buffering” characteristics Thus it seems 
reasonable to suppose that the mature orga- 
nism, because it has more replicated parts 
serving the same function, will be better able 
to withstand the impact of some disturbing 
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environmental event, m the sense that the 
deviations from the normal level that are al- 
lowed will be smaller and the speed of letum 
to normal will be more rapid It is these kinds 
of parameters that are at least implicitly le- 
ferred to when we speak of young systems as 
being more unstable 01 moie plastic For ex- 
ample, the lesponse of the newborn rat to 
watei oveiload is a great deal slower than 
that of the oldei animal and it may remain 
overhydrated for a much longer time aftei 
treatment (McCance, 1961, Vesteidal, 1961) 
The problem of equating the stimulus be- 
tween age groups is, of course, a formidable 
one As Vesterdal (1961) points out, 30 ml of 
water per kilogram given to an infant weigh- 
ing 3 kg will be more or less equivalent to 
an ordinary feeding, but the same ratio ad- 
mimsteied to an adult weighing 75 kg would 
amount to 2250 ml — a quantity much above 
normal intake 

It is rather difficult to think in terms of 
psychological functions as showing size m- 
ciements in the same manner as do various 
physiological systems But, on the other hand, 
it is quite sensible to ask about then buffei- 
mg characteristics as a function of age It 
would be very useful to know the extent to 
which performance m various tasks is dis- 
turbed m organisms of different ages It seems 
likely, foi example, that the same IQ level 
might be differently susceptible to mild stress 
in young as against mature organisms Such 
a pioblem — as well as many otheis like it — is 
readily testable both m human beings and m 
lower animals The work of Campbell and 
his associates at Princeton (Campbell, 1967, 
Campbell and Riccio, 1966, Riccio and Camp- 
bell, 1966) represents a very good start on 
this line of research They have been syste- 
matically exploring the response of young as 
compared with mature animals of different 
species to a variety of treatments such as cold 
stress, food deprivation, and electric shock 
An example of some of their data is shown 
in Fig 1 The major point emerging from 
the work is clear Young rats do not behave 
like adults when subjected to cold stress and 
consequently it is of great importance to de- 
fine a treatment imposed not only in physical 
terms — for example, so many milliamperes of 
shock stress — but also m terms of the imme- 
diate effects they have It will also be evident 
that there is some ambiguity m specifying the 



Age (days) 
(a) 



Fig, 1 The effects of cold stress (a) Survival 
time m rats of different ages following immersion 
in 45 °F water (b) Behavioral recovery time as 
a function of age and duration of immersion 

behavior of immature systems m terms of 
such broad categones as “stability” oi “plas- 
ticity” They furnish a good theoietical start- 
ing point but require close empmcal explica- 
tion In general, however, we certainly have 
giounds for believing that, with a physically 
equivalent stress or environmental event, 
young systems will be more seriously dis- 
turbed than moie mature ones, and it is there- 
fore possible that any residual effects will be 
moie important m the sense we have defined 
this term 

The dimension of growth is one which has 
heuristic value for the experimental study of 
development over and above that afforded by 
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the concept of differentiation Each has a 
special meaning and each suggests a particu- 
lar set of empmcal reseaich pioblems to be 
tackled 

Organization 

This third developmental parameter has to 
do with the degree to which the subparts that 
make up a system are inten elated During the 
very early stages of life, given leasonably 
stiong stimulation, the oiganism probably 
does lespond massively as a whole, but 
whether such behavior can be regarded as 
random is questionable It seems moie likely 
that during development, one level of organi- 
zation replaces a preceding one Thus m re- 
spect to biam function, firing in response to a 
stimulus may initially occui ovei widespread 
areas according to relatively simple mechan- 
ical, anatomical, or electrochemical principles 
Kohler (1940) viewed the biam as having 
the properties of a volume conductor, and as 
long as one is unwilling (as he was) to enter- 
tain the possibility of stiuctural changes aris- 
ing from exposure to environment, which then 
impose new arrangements on the extant 01 - 
gamzation, then one is confined to the kinds of 
parameter Kohler used Hebb’s view (1949) 
has, of couise, been quite different His no- 
tions of cell assembly and phase sequence 
suggest the continued building up of new 
organizations which, m their specific aspects, 
must depend on the unique experience of the 
individual during his lifetime Whatever then 
idiosyncratic features, however, these organi- 
zations must effect an increasing coherence 
in the interactions of the living system with 
the environment and a shift from stimulus 
control to control by autonomous central proc- 
esses 

Although the concept of organization has 
a certain theoretical appeal, it is not one that 
so far has lent itself very well to direct em- 
pirical study For one thing, the extent to 
which organizational changes occur m a sys- 
tem must depend a great deal on the degree 
of differentiation and the extent of growth m 
that system Thus differentiation must con- 
tinually operate to break up extant organiza- 
tions, whereas the buffering given by incre- 
ments in growth may work to preserve them 
Even were these somehow constant, organi- 
zation would still be hard to define in a precise 
operational way That this is so is indicated 


by the famous so-called Leeper-Young contro- 
versy This centered around the problem of 
whethei emotion had an organizing or dis- 
oiganizmg effect on behavior Though genei- 
atmg a good deal of lively theorizing, the 
debate led to very little actual empirical 
woik — a minor study by the senior author 
being one exception (Thompson and Higgins, 
1958) 

Whatever the difficulties may be, however, 
oigamzation does seem to represent a param- 
eter that should be included in any consider- 
ation of development, and it is always possible 
that some mgemous peison — particularly if he 
is experimentally minded — will come up with 
some wav of making the concept empnically 
useful 

Other Developmental Parameters 

The three dimensions we have so far dis- 
cussed perhaps underlie all others that various 
workers have attempted to specify Thus Ge- 
selTs (1946) principles of developmental di- 
rection, functional asymmetry, reciprocal in- 
terweaving, individuating matuiation, and 
self-regulatory fluctuation are descriptive and 
perhaps denvable form those we have dealt 
with At the same time, since they are less 
abstiact, they may offei to the student of 
development more immediate empmcal possi- 
bilities Certainly, they have proven useful m 
normative studies of the behavior of devel- 
oping organisms Our mam concern heie is 
whether they have in the past, or may m the 
future, conti lbute in any way to leseaich and 
theorizing on problems of early experience 
The answer to the fust part of this question 
must be m the negative One does not com- 
monly find them discussed as lelevant dimen- 
sions by workers m this aiea The same applies 
m the case of differentiation, giowth, and 
organization On the other hand, the latter 
three notions, m the opinion of the writers, 
may well have direct value — a point we will 
attempt to make later on 

We now turn to a consideration of some 
empirical woik on the natuie of young oiga- 
nisms and aspects of early life that appear to 
be critical This is not intended by any means 
to be an exhaustive leview of all the litera- 
ture on this topic Such information can be 
obtained from several other chapters m this 
book All we wish to do is to present a few 
examples of work which may throw light on 
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the main problem before us — whv early ex- 
perience is important 

CRITICAL ASPECTS OF EARLY 
EXPERIENCE 

Our discussion of the major dimensions of 
development and the various empmcal stud- 
ies that pei tain to them suggests that generally 
organisms get bigger and better as they ma- 
ture They are able to discriminate increasingly 
finer differences, are able to perform more 
and different kinds of acts, and become per- 
haps more strongly buffered against the ex- 
igencies of environment Much the same ap- 
plies to the subsystems that make up the whole 
organisms, and each is likely to manifest its 
own particular rate and pattern of change 

An excellent summary of the kind of 
changes that have been demonstrated for vari- 
ous physiological, neuial, and biochemical 
functions has been made by Himwich ( 1962) 
This is partly leproduced m Table 1 Although 
such detailed data as these may not immedi- 
ately aid oui understanding of the exact na- 
ture of early experience, they do show clearly 
that the young oigamsm is strikingly different 
from the adult in verv many aspects They 
further supply us with useful developmental 
norms for specific variables against which the 


effects of expenmental treatments may be 
compared 

Our major concern here, of course, is with 
behavior, and how storage that occurs in 
early life affects various kinds of measurable 
responses m the adult Thus the featuies of 
early experience that are of most critical con- 
cern to us must be the nature of stoiage at 
any particular age and the permanence of 
such storage It is undeniably difficult to un- 
confound these two questions, since a clue to 
the type of storage or learning that predomin- 
ates at any particular age level is given mainly 
by some measuie taken later that also reflects 
permanence However, if we consider that 
different types of learning — foi example, hab- 
ituation, classical conditioning, and instrumen- 
tal or opeiant learning — are distinguishable, 
then it should be possible not only to assess 
the overall amount of change that can be pro- 
duced in organisms of diffeient ages but also 
to parcel out the relative contributions made 
to this total change by each type of storage 
separately Thus we might find that effects 
due to habituation aie dominant m a very 
young animal and that these effects are much 
moie marked than any that can be induced 
through the same type of learning at a latei 
age A design like this would allow us to ex - 


Table 1 Development of Various Physiological and Behavioral Functions in the Brains of 
Guinea Pigs 

Age from Conception 


34 39 44 49 54 59 64 69 

Birth 


Anatomy 

5 cortical layers 
etc. 


Biochemistry 

Adult level RNA 

H 2 0 falls 


Adult level DNA 

Na, Ca fall 

GAG high, 

GAG low, + increases 


falls etc 

Protein 



Respiratory enzymes 
increases 

Adult level 

Neurophysiology 

Adult EEG 

Cortical 

polarization 

Spreading 

depression 


Strychme spike 

Response to 
afferent stimuli 

Behavior 

Eyes open 

Adult reactions 


From Himwich (1962) (modified). 
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amine separately the two majoi problems 
What is early experience like? And how last- 
ing are its effects? At present, however, almost 
none of the empirical work done on the topic 
has been sufficiently precise to yield the rele- 
vant data Thus most of the woik of Campbell 
and his associates (see Campbell, 1967) has 
used — as a critical index foi di awing con- 
clusions about eaily memoiy — a conditioned 
avoidance 1 esponse Data based on this rathei 
complex indicator have suggested that mem- 
ory is pooler m young than m adult subjects 
But it might well be that a more careful dis- 
section the of response into components would 
yield a diffeient conclusion 

One important line of woik should be men- 
tioned m this connection Lynn (1966) has 
ably leviewed a large body of Russian liteia- 
tuie dealing more specifically with the on- 
togeny of the so-called orientation leaction m 
both human young and m the young of va- 
rious lower species Several workers have 
agreed m foimulatmg a three-stage sequence 

(1) a stage of autonomic leactions with no 
behavioral orientation of defensive reaction, 

(2) a stage involving “passive” defensive re- 
actions and avoidance of stimulation, (3) a 
stage of normal orientation to stimuli of mod- 
erate intensity and defensive reactions to verv 
strong stimulation In general, most of the 
studies discussed by Lynn tend to show that 
habituation m very young animals is slowei 
than m adults Conditioning, on the other 
hand, improves with age only up to a point 
after which it declines again, presumably due 
to the increasing dominance of the ‘second 
signalling system ” Some current lesearch by 
the semoi author and his colleagues is aimed 
precisely at elucidation of this pioblem This 
point will be discussed latei in the chaptei in 
the context of theoretical models about early 
experience 

The notion of critical or sensitive period , 
which is often used to explain the lasting ef- 
fects of certain early experience, also tends 
to confound problems of storage-mechanism 
with problems of stoiage-duiation In its usual 
meaning, it has involved a particular age level 
presumably set bv maturational factors dur- 
ing which certain responses are more or less 
irreversibly learned The most classic example 
is, of course, imprinting. Thus as a result of 
exposure to a parent or parent-surrogate at 
around 12 to 14 hours to posthatch, a young 


chick tends later to follow this object or those 
similai to it, this attachment being less maiked 
if the exposure occuis later oi earlier than 
the critical age Although it is recognized now 
that the limits of a cntical period are prob- 
ably not as nanow as ongmally thought (see 
Bateson, 1966), it is held by many woikeis 
that there aie stages during development 
when certain kinds of experience are most 
likely to be stored Such a notion seems, at 
first sight, to contradict the postulate we sug- 
gested earliei susceptibility to environmental 
influence decreases hneaily as a direct func- 
tion of age That it need not do so, however, 
is indicated by inspection of one model put 
foiward by Hess (1959) to explain the occui- 
lence of a critical period foi lmpuntmg A 
slightly modified summary of it is presented 
m Fig 2a Note that the existence of a criti- 
cal period is based on the two separate curves, 
each of which show a simple relation with 
age, namely, fear and locomotoi ability These 
are shown m Figs 2b and 2c Fear itself is 
actually educed fiom a fuithei relation — that 
between age and the ability of the animal to 
disci lmmate familial fiom unfamilar aspects 
of the environment The intersect of the fear 
and locomotor curves is taken to be the cnti- 
cal period foi imprinting of the following 
response Were lmpuntmg measured by othei 
indicators, however, it is likely that the criti- 
cal penod would covei a diffeient age lange 
Many other variables will be implicated in 
this also (Bateson, 1966) 

The major point we wish to make is that 
the idea of critical penod involves assump- 
tions about the relation of buffenng or mem- 
oiy storage to age and also assumptions about 
what kinds of input and output systems can 
be regarded as the best indicators of the 
event undei study — for example, in the case 
of impnntmg, the following of some discnm- 
mable object by a young chick It should be 
noted that the time at which some function 
emerges and becomes available for involve- 
ment m the lesidual effects of early expen- 
ence may be difficult to pm down Thus it is 
doubtful whether following can be implicated 
m impnntmg if critical exposuie occurs be- 
fore a chick is mobile On the other hand, 
many complex adult lesponses may have pre- 
cursors m early behavior A good example of 
this is the precocial sexual behavior that may 
be elicited under certain conditions in very 
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young birds (Andrew, 1963). It is difficult to 
say when a particular behavior pattern has 
its onset and how mature it must be before it 
can be altered in a relatively permanent way 
by environmental stimulation. 'At' the human 
level, this has represented a problem of some 
magnitude. Freud's designation of the ages at 
which the various stages of psychosexual de- 
velopment occurred has been considerably al- 
tered by later workers. The formulations of 
Melanie Klein (1950), for example, which 
presuppose, in very young children, attitudes 
and social perceptions of a most complex kind, 
certainly seem to strain our credulity. Yet it 
is quite possible that some precursors of adult 
social behavior do make their appearance as 
early as the age of 1 or 2 years and are avail- 
able for manipulation at this time. 

There is one additional consideration con- 
cerning the critical aspects of early experience. 
Whatever treatments are imposed on a young 
organism, these can have effects only within 
certain limits set by genotype. This genotype 
may be permissive or nonpermissive to en- 
vironmental influences, in the sense that it 
may allow very small or very large deviations 
from a projected developmental pathway. As 
we noted earlier, this notion has been put for- 
ward most explicitly by Waddington (1957). 
His schematic representation of the situation 
—the epigenetic landscape— is reproduced in 
Fig. 3. It can be seen here that genes deter- 
mine the magnitudes and kinds of phenotypic 



Age 

(c) 


Fig, 2, Hess* model of die critical period in 
avian species, (a) The general model, (h) Fear 
as a function of age. (c) Locomotor capacity as 
a function of age. 
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Fig. 3. The complex system of interactions underlying the epigenetic landscape. 


deviations that ai*e possible to the developing 
organism. Just how genes exert this kind of 
influence is a matter of conjecture, but the 
fact that they do so, in respect to behavior, 
is now well documented by empirical work. 
We shall consider relevant studies in more 
detail in the appropriate section. 

METHODS OF STUDY 

It is perhaps true to say that the degree of 
methodological precision that has been so far 
achieved in the study of early experience has 
not been up to handling properly the kinds of 
dimensions we have articulated. The usual 
treatments by which the effects of early ex- 
perience are tested involve either adding or 
taking away certain kinds of exogenous stim- 
ulation. Thus a rat may be given special 
handling in addition to that normally given 
to it by its mother ( Denenberg, 1 966 ) , or it 
may be reared in a so-called enriched environ- 
ment or rat "nursery" of the kind first used 
by Hymovitch (1952), Forgays and Forgays 
(1952), and others. Conversely, restriction 
may be imposed, as in the case of the dog 
experiments carried out at McGill University 


by Thompson and others (Thompson and 
Melzack, 1956) . There has also been a strong 
interest in the effects of various agents, the 
exact nature and direction of whose action 
may be uncertain, for example, drugs or nox- 
ious stimulation and stress. A large amount of 
work has studied the effects in offspring of 
treatments applied to the mother during preg- 
nancy, for example, experimentally produced 
anxiety, anoxia, X~irradiation, and a variety 
of chemical compounds. 

The restriction technique has often been 
applied to the motor side. Spaldings classic 
experiments (1873) on flying in birds in- 
volved the use of this method, as did those 
of Carmichael (1926) on swimming in amblys- 
toma. In Spalding’s experiments restriction 
involved mechanical immobilization of wings; 
in Carmichaels immobilization of all move- 
ment by treating the water with chloretone. 
Recently, Held and his colleagues (Held et 
ah, 1959, 1961, 1963) have used a modifica- 
tion of it by means of an experimental con- 
dition that permitted only passive — not self- 
produced— movements. Thus kittens were 
held in a restraining apparatus which moved 
them through an experimental environment, 
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simulating the mannei m which thev would 
exploie it undei noimal conditions Presum- 
ably, what Held has called reafferent stimu- 
lation is diffeient m the two cases, and the 
diffeience shows up m terms of tests of visual- 
motoi coordination given latei The actual 
procedure involved, it must be pointed out, 
is somewhat crude inasmuch as it is extremely 
difficult to specify exactly all the effects that 
ensue when an experimenter directs the 
movements of a subject Restraint may pro- 
duce emotional behavior, for example, as well 
as interfere with practice of sensory-motor 
skills But conceptually, such a method repre- 
sents a step forwaid, since it involved an at- 
tempt to unconfound the effects of restricting 
input fiom the effects of limiting kinesthetic 
feedback arising from voluntary movement 
We will return to Held’s work latei in the 
chaptei 

At the human level, it is very raie to find 
use made of the type of experimental manipu- 
lation that can so leadily be earned out with 
animals Investigates must look at natural 
situations which appeal to be lelevant, foi 
example, nuiseiv schools or other enriching 
environments, orphanages, lower-class homes, 
matemal-child sepaiations, and otheis con- 
sidered to be lestncting or traumatic The 
difficulties of conti ol are, of course, formid- 
able and we must therefore be very cautious 
about the mfeiences drawn from data based 
on such methods Furthermoie, because these 
are natuially occuiring situations, they do not 
lend themselves to piecise conceptual 01 
expenmental analysis Thus institutionaliza- 
tion may have effects in lespect to the sheer 
amount of geneial stimulation it involves, the 
perceptual uchness or complexity it supplies, 
and finally the kinds of social structure it en- 
tails These factors, which can be fairly well 
separated in a rat or dog study, are not easily 
untangled Nevertheless, in our discussion of 
the work on eaily experience m children, we 
shall attempt as far as possible to achieve 
such a separation m line with the animal 
studies, even though it may appeal somewhat 
artificial 

What will be needed m the future is a far 
greatei lefinement in the specification of in- 
dependent and dependent variables This ap- 
plies both to animal and human studies One 
especially impoitant aspect of this is the care- 
ful evaluation of the immediate effects of 


whatever treatment is imposed on a young 
animal Certainly, it seems reasonable to sup- 
pose that the residual effects of some early 
experiences are more likely to be mterpretable 
m terms of the initial reactions of the subject 
to the expenence rather than m terms of the 
physical attributes of this variable The work 
of Campbell (1967), as mentioned earlier, 
hits exactly at this problem and will un- 
doubtedly supply much essential baseline in- 
formation Likewise much of the current re- 
search on human neonates (see Campbell 
and Thompson, 1968) will be of great value 
to undei standing the problem of early ex- 
perience and its effects on later behavior 

REVIEW OF STUDIES OF EARLY 
EXPERIENCE 

We now turn to a review of the hteiatuie 
on the problem we are discussing Though it 
might have been more desirable to mesh 
togethei more closely the animal and human 
woik, this is not easily accomplished Then 
traditions, methods, and theoretical frame- 
woiks are, for the most part, different Conse- 
quently, we shall consider the two categories 
separately and attempt at the end of the 
chapter to indicate possible lines of conver- 
gence 

Prenatal Influences 

Before the advent of embryology, it used 
to be thought that almost any event influenc- 
ing a mother duung pregnancy could also in- 
fluence the unborn fetus Thus a mother 
frightened by, say, a dog, could supposedly 
pass on to her child a phobia of dogs Such a 
view was piesumably based, at least implic- 
itly, on the assumption that neural connec- 
tions of some kind existed between the ma- 
ternal and fetal systems When embryology 
was able to establish that no such connections 
did in fact exist, the idea of maternal impres- 
sion fell into disrepute Indeed, there oc- 
cuired a tendency for medical opinion to 
swing almost to the diametiically opposed 
position — that the fetus was almost inde- 
pendent of the mother and would maintain 
its integrity no matter what environmental 
contingencies might be imposed on the 
mothei during gestation It soon became evi- 
dent, however, that placental exchange be- 
tween maternal and fetal circulatory systems 
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was not limited to the transmission of nutri- 
tive materials 01 excretoiy pioducts but could 
also carry a great vanety of powerful chemi- 
cal compounds (Page, 1957) These could 
be either endogenous substances — such as the 
hormonal products of stiess — 01 exogenous 
agents taken m by the mother, eithei acci- 
dentally or sometimes for medical reasons 
The embryological evidence suggests, in 
fact, that the placental system is a highly 
fluid one A gieat range of substances can 
pass thiough the intercellular barnei between 
mother and fetus, its extent depending on the 
genotype of the animal, the time of gestation, 
and the quantity and chaiacter of the agent 
involved (Windle, 1940, Flexnei and Gell- 
horn, 1942, Hooker, 1952, Nalbandov, 1958, 
Page, 1957) In addition, the placenta itself 
appeals to show hormonal activity, secreting 
ACTH, adrenocoiticoids and glucocorticoid 
substances (Assail and Hammeimesz, 1954, 
Johnson and Hames, 1952, Wiele and Jailer, 
1959) Alterations of maternal physiology aie 
known to produce striking changes m the 
fetus Foi example, adrenalectomy of preg- 
nant rats pioduces fetal adrenal hypertrophy 
(Ingle and Fishei, 1938, Josimovitch, Had- 
man, and Deane, 1954, Knobil and Briggs, 
1953), cold and ACTH applied to the mothei 
produce a use in fetal cholesteiol level and a 
laige amount of ACTH lesults in a depletion 
of adienal ascorbic acid m the fetus ({ones, 
Lloyd, and Wyatt, 1953) 

The exact mechanisms by which maternal 
physiological changes are transmitted to and 
exert an influence on the fetus must be ex- 
ceedingly complex However, that these 
changes can have some influence is certainly 
clear enough Since the early woik of Gregg 
(1941) linking abnoimalities in the newborn 
infant, especially blindness, with german 
measles (rubella virus) m the mother, a great 
volume of studies has appeared demonstrating 
teratological effects ensuing from numerous 
different agents Poisons, atmospheric changes 
(hypoxia or anoxia), ionizing ladiations, 
numerous hormones and chemical substances, 
antibiotics, infectious agents, vitamins m ex- 
cessive dosages oi vitamin deficiencies, and 
many others have been implicated m such 
birth defects as cleft lip and cleft palate, 
absence of limbs, eyes, or tail, hernias, cranial 
malformations, and many other such gross 
abnormalities (Kalter and Warkany, 1959, 


Montagu, 1961, Frasei, 1958, 1962, Fraser 
et al , 1953) 

Such studies as these are of less importance 
to us heie, however, than those aimed at es- 
tablishing behavioral effects produced by 
some prenatal treatment — particulaily treat- 
ments of a psychological nature, for example, 
emotional stiess The hteiature covering these 
kinds of problems does not go back much 
more than 10 years but has now become fairly 
extensive We shall review the highlights of 
it for human and animal subjects separately 

ANIMAL STUDIES ON BEHAVIORAL 
EFFECTS OF PRENATAL EXPERIENCE 

Chemical Manipulations 

An eaily series of studies was earned out 
by Hamilton, Hamed, and others on the 
effects on rat offspring of sodium bromide 
fed to then piegnant mothers m various 
dosages thiough a stomach tube Testing in- 
dicated a letardation in learning ability on 
seveial learning tasks (Hamed, Hamilton, 
and Borrus, 1940, Hamilton and Hamed, 
1944) Dosage level appaientlv was not a 
variable of majoi importance Expenmentals 
tended to be moie seizin e-prone but showed 
less emotional elimination m several diffeient 
situations The outstanding chai actenstics of 
the treated offspring were high aggressiveness 
and lack of control (Hamilton, 1945) Armi- 
tage (1952), using sodium barbitol and pen- 
tobaibitol, also found deficits m learning m 
experimental offspnng as compared with con- 
trols However, an improvement m intelli- 
gence was claimed by Dispensa and Horn- 
beck (1941) using pienatal administration of 
dessicated thyroid hormone The same work- 
ers were able to find no effects from adminis- 
tration of antenor pituitaiy extract 

Since this early line of woik, numerous 
agents have been scieened for their effects on 
behavioral functions of offspnng Some of 
these yielding positive results have been al- 
cohol (Vincent, 1958), epinephnne (Thomp- 
son and Ohan, 1961, Thompson and Golden- 
berg, 1962, Thompson, Goldenberg, Watson, 
and Watson, 1963, Thompson, Watson, and 
Charlesworth, 1962, Young, 1963, Young, 
1964, Lieberman, 1963), drugs affecting 
serotonin activity such as iproniazid, resper- 
pme, 5 HTP, and BAS (Werboff, Gottlieb, 
Havlena, and Word, 1961), and isocarboxa- 
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zid (Werboff, Gottlieb, Dembicki, and 
Havlena, 1961) Chloropromazme and me- 
probamate (Werboff and Havlena, 1962, 
Werboff and Kesnei, 1963), and labeled 
chloropiomazme (S* r> CP Z ) (Oidv, Samoiaj- 
ski, Collins, and Rolstem, 1966), a deficiency 
in such essential substances as phenylalanine 
(Thompson and Kano, 1965) and protein 
(Caldwell and Chui chill, 1966, 1967) have 
also been shown to pioduce alterations m 
offspnng behavioi Piofound cential neivous 
system changes can also occui Thus Zamen- 
hof et al (1966) injected punfied bovine 
pituitaiy giowth hoimones into female lats 
between the seventh and twentieth dav of 
pregnancy The offspring showed unchanged 
body weights but significant mci eases m 
biam weight, biam DNA content, coitical 
cell density, and neuion to glial cell latios 
Descnptions of some of the diug studies have 
been included m the leview bv Karnofskv 
(1965) 

It is difficult to diaw anv veiv piecise con- 
clusions about specific diug effects fiom such 
work Almost any compound put into a preg- 
nant animal by anv loute seems to have ef- 
fects on a variety of behavioi s provided the 
dosage is sufficient It is woith pointing out 
m this connection that veiy few studies have 
m fact aimed at demonstiating effects specific 
to a certain compound Neithei conti ol pio- 
cedures noi techniques of measuiement of the 
independent vanables have been set up m a 
mannei appropriate to this end Thus the 
othei wise interesting study bv Vincent ( 1958) 
showing that alcohol ingested bv pregnant 
mother lats alteis emotionality, motivation, 
and learning of offspring (in both dnections 
depending on dosage level) failed completely 
to demonstiate that alcohol pei se was impli- 
cated to the exclusion of othei components of 
the situation — paiticulailv nutntional deficit — 
that may have been involved Nor was it 
made cleai that any other chemical substance 
differing in only a few lespects from alcohol 
m its molecular structure would have diffeient 
effects, nor was any attempt made to dissect 
more exactly the components of behavior 
affected A study of Thompson and Kanos 
(1965) aimed at exploring some of these 
problems It attempted specifically to exam- 
ine the effects of phenylalanine overload m 
piegnant rats both on the relevant metabolic 
system in offspnng — that is, the phenylalan- 


ine hydioxylaze system — and also on emo- 
tional as distinct fiom intellectual behavioi It 
is significant that the changes found weie not 
specific to this biochemical system and weie 
mainly emotional lathei than intellectual m 
chaiacter Such lesults seem to indicate that 
we can hope foi very little piecision m this 
field, and it may well be that it is the stress 
components of drug administration rathei than 
their chemical chaiactenstics that pioduce an 
effect We will letuin to this point shortly 

X-Irradiation 

Literatuie on some of the neuial and be- 
havioral effects of ionizing ladiation have 
been leviewed by Furchtgott (1963), Wer- 
boff (1964), and Gaicia, Kimeldorf and Hunt 
(1961) Levinson (1952), one of the first ex- 
perimented in this field, inadiated piegnant 
rats with 300 to 600 i at days 11, 13, 15, 17, 
oi 19 of gestation The learning of offspnng 
on a Lashley til maze was significantly de- 
creased Since numbeis in the subgioups weie 
verv small, no analysis could be made of 
dosage oi drugs effects Furchtgott and his 
colleagues (1958a, 1958b, 1958c) latei at- 
tempted to replicate and extend Levinson’s 
findings They found a suggestion that the 
earliei the age, the lowei the dosage neces- 
sary to pioduce learning deficits Thus at 
davs 14 and 15 of gestation, 100 i was effec- 
tive, but at 18 days neonatally, only subjects 
leceivmg 300 i showed changes Locomotoi 
cooidmation, on the othei hand, was moie 
easily alteied with low dosage levels at latei 
stages of gestation Fetal madiation was shown 
to lesult in mci eased general activity, longer 
cage-emergence latencies (time taken to leave 
home cage and emerge into a stiange envnon- 
ment), and mci eased emotional defecation 
The authors interpieted this to mean that n ra- 
diation during eaily development affects feai- 
fulness primarily 

Woik m other laboi atones has to some ex- 
tent home out these geneial conclusions with 
some modifications Werboff, Breeder, Hav- 
lena, and Sikov (1961) have demonstrated 
that ladiation at any level between 25 and 
100 i could altei thieshold in offspnng to 
seizures (bell plus metrazol) Radiation during 
early gestation produced an increase m thresh- 
old, later in gestation a decrease m threshold 
In another experiment, Werboff, Havlena, and 
Sikov (1962) were able to show that changes 
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m emotionality and also in maze-leai mng abil- 
ity ensued on administration of low dosages 
of radiation well below those used by Furcht- 
gott et al on their animals They expiessed 
disagreement with the geneial proposition that 
emotionality was always increased and learn- 
ing ability decreased as a result of fetal 
radiation In fact, some of their animals 
showed exactly opposite effects A later study 
by Werboff, Havlena, and Sikov (1963) 
showed that the threshold for behavioral ef- 
fects was probably between 15 and 25 r, at 
least aftei the fifth day of gestation It was 
lecogmzed by Weiboff et al that befoie this 
time even smaller dosages might have effects 
This notion was also put forward experimen- 
tally by Luchsmgei (1963) and by Kaplan, 
Rugh, and White (1963) Thus theie appears 
to be an interaction between dosage level and 
age of oiganism on which it is imposed 

The extent of exposure to radiation is an 
additional factor Some Russian investigators, 
Piontkovsky and Semagm (1963), found that 
only 1 i admimsteied between days 1 and 20 
of gestation led to a slowei rate of formation 
and stabilization of simple stereotyped con- 
ditioned responses Interestingly enough, this 
treatment also produced a significant i educ- 
tion of thickness of frontal cortex A rathei 
thoiough study by Fowlei et al (1962) using 
150 r of X-irradiation admimsteied on day 13 
to 14 of gestation demonstiated that treated 
fetuses subsequently showed decreased ability 
on the more difficult problems of the Hebb- 
Williams maze test and deci eased open-field 
adaptiveness Vanous neurological abnormali- 
ties m neocortex and m various subcortical 
structures were also reported (Fowler et al , 
1962, Hicks et al , 1959) Quite a large vol- 
ume of work has been done on the pioblem m 
the Soviet Union Some of this has been re- 
viewed m a conference proceedings edited by 
Werboff (1963) 

Atmospheric Changes 

Little has been done on the behavioral ef- 
fects m offspring of maternal exposure to this 
variable Becker and Donnell (1952) showed 
deficits in the learning by guinea pigs of a 
complex task as a result of severe asphyxia at 
birth Expei imental animals were markedly 
less active and gave the appearance of being 
less inquisitive and more apathetic and lethar- 
gic than controls 


One of the moie extensive studies on the 
topic was carried out by Meiei, Bunch, Nolan, 
and Scheidler (1960) at Washington Univei- 
sity They examined the effects of natal an- 
oxia on young lats and kittens and of prenatal 
anoxia at vanous gestation ages on rats They 
found that 60 mm oxygen deprivation at 
birth (2 91% equivalent oxygen) produced 
deficits in learning ability m lats and 30 min 
deprivation decreased responsiveness of kit- 
tens m a puzzle-box situation and moie “ster- 
eotyped” modes of solution m a discrimination 
task Finally, a 2-houi exposuie of pregnant 
female rats to 6 21% equivalent oxygen had 
significant effects on learning ability of off- 
spung Treatment early m gestation facilitated 
maze performance, treatment late m gestation 
hindered it The authors speculated that two 
factors might be involved as target functions 
at different stages of development One of 
these was piesumably vulnerable early m ges- 
tation and the impact of a tieatment on it 
would improve performance The other would 
be vulneiable at a later stage and its response 
to treatment would l educe learning ability In 
view of Furchtgott’s rather similar data, which 
we discussed above, this seems like a reason- 
able idea 

Just how anoxia (and X-irradiation) have 
their effects has been the subject of a con- 
troversy Some investigators have felt that 
they are the result of a direct insult to the 
fetus, others that they come about mdnectly 
thiough maternal influence This problem has 
been reviewed bv Meier (1962) 

General Stress 

We have aheady noted that almost any 
kind of treatment imposed on the developing 
fetus can have effects, and any differences ap- 
pearing between specific agents piobably re- 
late to the general stress or effects these 
agents have rather than to then intrinsic char- 
acteristics It is significant that, m fact, dif- 
ferent injection procedures (subcutaneous 
versus mtrapentoneal) or different placebos 
(saline versus distilled watei) can also pro- 
duce behavioral changes of an order as great 
as that produced by vanous chemical com- 
pounds (Havlena and Werboff, 1963a) Con- 
sequently, there is every reason to believe 
that any treatment that can produce a stress 
response in a pregnant female and m the fetus 
is likely to leave residua that will later be- 
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come manifest in various foims of behavioi 
A fairly extensive line of woik has been con- 
cerned with exactly this pioblem 

The fiist attempt to study the effects of 
maternal stiess dm mg pregnancy on emotional 
behavior of offspring was initiated by Thomp- 
son (1957) Female rats were just trained to 
avoid shock at the sound of a buzzer by open- 
ing a door and running to the safe side of a 
two-compartment box It was assumed that 
the habit was maintained by an acquired 
anxiety drive Aftei leaching a cntenon level 
of lespondmg they were mated together with 
control females to a common sample of males 
As soon as they were pregnant, the experi- 
mental females were given three daily expo- 
sures to the conditioned anxietv-evokmg signal 
but were denied the opportunity to perform 
the instrumental lesponse that had up to then 
bi ought about anxiety 1 eduction At parturi- 
tion, some of the offspnng were left with then- 
natural motheis, and otheis weie fostered 
either to different motheis of the same or of 
a different treatment gioup Testing was car- 
ried out on two ages using two measures of 
emotionality Mam results are shown in Fig 
4 It is clear that anxiety during pregnancy 
does indeed alter offspnng behavior, m this 
case the change being in the direction of in- 
creased emotionality or feai fulness 

These results have since been replicated m 
the main by a numbei of investigators ( Doyle 
and Yule, 1959, Hockman, 1961, Ader and 
Belfei, 1962, Thompson, Chailesworth, and 



30-40 days 130-140 days 

Fig, 4 Open-field activity levels m rat offspnng 
from mothers made anxious during pregnancy 
(Es) and normal mothers (Cs), Low activity is 
taken to mean high emotionality (Thompson, 
1957 ) 


Watson, 1962, Thompson and Quinby, 1964) 
It is noteworthy that duection of effects is 
not always towaid increased emotionality 
but sometimes the opposite (Thompson and 
Quinby, 1964) Fuitheimore, fostering may 
interact with prenatal experience m complex 
ways (Hockman, 1961, Thompson, Watson, 
and Charlesworth, 1962) either to facilitate or 
inhibit the effects of the latter Morra (1965) 
used feai conditioning prior to pregnancy but 
with radiant heat rather than shock as a UCS 
He found that behavior deciements (open- 
field and water T-maze) were produced m 
many by stress in the second half of preg- 
nancy A highei level of pienatal stress pio- 
duced greater behavioral deficit Fertility and 
viability were also affected 
If conditioned anxiety can altei offspnng 
behavior it might be expected that any kind 
of stress will do the same This indeed seems 
to be the case Vauous fonns of physical stress 
have been examined Offspring from mother 
rats subjected to audiogenic seizures during 
pregnancy show changes in behavior, as dem- 
onstrated by Thompson and Sontag (1956) 
Weir and DeFnes (1964) and DeFnes (1964 
used swimming m watei 25° C for 3 mm, 3 
min exposure to a “tilt box,” and 2 mm m a 
brightly lit open field These conditions were 
imposed on two strains of mice daily during 
gestation The usual kinds of change m emo- 
tionality were found, although their extent and 
direction varied with genotype and postnatal 
treatment Crowding of pregnant mice pio- 
duces loweied activity, slowness of respond- 
ing, and reduced defecation m their young 
tested at 30 and 100 days of age (Keeley, 

1962) Extra handling given to mother rats 
during gestation reduces emotionality m ex- 
perimental offspring (Ader and Conklin, 

1963) A greater susceptibility to gastric ero- 
sion follows immobilization stress, especially 
in female offspring (Ader and Plaut, 1967) 
The imposed stress does not necessarily have 
to occur during pregnancy Thus Denenberg 
and Whimbey (1963a) have demonstrated 
that the offspring of female rats handled m 
infancy show significant decreases m emo- 
tional behavioi (open-field activity and def- 
ecation) as compared with controls from 
females not manipulated in infancy Resslers 
studies (1966a, 1966b) demonstrate essen- 
tially the same conclusion 
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Fig. 5. Effects on behavior of rat offspring of 
(a) X-irradiation adminstered to their mothers 
early or late in gestation, (b ) Two levels of anx- 
iety-stress administered to their mothers during 
the whole of gestation. H == high anxiety; L = 
low anxiety; C = control. (Thompson and Quinby, 
1964.) 

General Conclusions 

Three points of special interest should be 
noted here. First, changes that ensue from 
some prenatal stress may vary in extent and 
direction depending on amount of stress and 
the age at which stress is imposed. These two 
points are illustrated in Fig. 5 based on 
Werboff et al, (1962) and Thompson and 


Quinby (1964). In the former, intelligence is 
increased over controls by radiation given 
early in pi-egnancy, reduced if given late in 
pregnancy. In the second study, emotionality 
as measured by activity level tends to be in- 
creased as a direct function of pregnancy 
anxiety. 

Such bidirectionality is possibly a function 
of the sequencing of test procedure and how 
often tests are given. Thus DeFries and Weir 
(1964) showed that the initial test (open- 
field activity) given to treated and untreated 
offspring may bias the results of a later test- 
ing. Groups that were tested at 120 days of 
age showed only characteristics exactly op- 
posite those which had had a prior test at 40 
days. Experimental animals given the early 
plus the late test were more emotional than 
controls. Those having only the single, late 
test were less emotional. This finding raises 
some most interesting theoretical issues, which 
we shall discuss later on. 

A second point relates to the problem of 
whether specific stressors can have specific 
effects. We have already suggested that this 
seems unlikely. However, Joffe (1965), using 
a "conflict” stress rather than stressors of the 
kind described above, found no effects on 
emotionality but a reduction in Hebb-Williams 
maze performance. Whether the effects of 
conflict on the mother have to do only with 
intelligence in the offspring seems, however, 
very doubtful. Most maze tests involve emo- 
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tional and tempeiamental components and it 
is possible that these influenced enoi scoies 
m learning without showing up m the othei 
tests 

A thud impoitant point has been made by 
Webstei (1967), who suggested that the ef- 
fects of pienatal stress may often lesult fiom 
the alteiation of the nutritional status of the 
animal on which the stress is imposed He 
was, m fact, able to demonstiate that deficits 
m maze learning of offspnng weie stiongly 
con elated with weight loss of motheis dunng 
tieatment This is not an unexpected finding, 
since food deprivation has cleai and diamatic 
teratogenic effects m some breeds of mice 
(Runnei and Miller, 1956), and hence it 
might ceitamlv be expected to exert effects 
on behavioi But since it is a factor that is 
verv seldom conti oiled in behavioi studies, 
the emphasis given to it bv Webstei is veiy 
worthwhile 

HUMAN DATA 

Woik on the problem of prenatal influences 
involving human beings has been less con- 
vincing than that done with animals In fact, 
it is only the positive findings coming out of 
the animal studies that give credibility to the 
conclusions diawn concerning human beings 
Generally the woik has been epidemiological 
and retiospective m natuie That is to say, 
laige samples of childien having some kind 
of abnoimality aie located and the piegnancv 
lecords of their mothers aie assessed The 
positive lelationships that aie often estab- 
lished, however, aie conelational, and casual 
by inference onlv Since piopei conti ol pro- 
ceduies, especially foi genetic and postnatal 
variables, are seldom carried out, this mfei- 
ential step has usually been a very laige one 

Sontag (1941) was one of the fiist to 
examine the problem He suggested that 
the chemical substances which appear m a 
mothers blood during emotional stiess and 
which aie tiansmitted to hei child may have 
adverse effects on that child He leports that 
fetal bodily movements are maikedly increased 
when motheis undeigo stress The effects of 
bnef maternal stiess on fetal movement en- 
dure for seveial horns, while piolonged ma- 
ternal stiess pioduces concomitant increased 
activity in the fetus thioughout the whole 
stiess period. In addition, infants boin to dis- 


turbed motheis continue to have high activitv 
levels aftei bnth They aie mitable and mav 
often have feeding, sleeping, and gastiomtes- 
tmal distui bailees Eaily and prolonged stress 
seems to have moie damaging effects than 
stiess occuiimg latei m piegnancy (Gebhaid 
et al , 1958, Wallm and Riley, 1950) 

Aecoidmg to Sontag, then, motheis who aie 
emotionally upset during their pregnancies 
may give bnth to neuiotic offspnng because of 
the unsatisfactory fetal envnonment they have 
provided them Any conclusions about “blood- 
borne anxieties,” howevei, must be mod- 
ified by the knowledge that mothers who are 
undei stiess when they aie pregnant may also 
continue to be anxious and emotionally upset 
aftei they have given bnth Thus some, much, 
or all of their infants’ distiess may be due to 
tense mothei -child relations following bnth 
Colic, chaiactenzed bv excessive crying and 
symptoms of acute distress m the digestive 
tiact, has also been attnbuted to maternal 
tenseness and anxietv dunng piegnancv 
Motheis of colicky babies seem to be less ac- 
cepting of their zoles as mothers, moie con- 
cerned about then ability to care for then 
child, and less secuie and in haimony with 
other people than motheis of noncohcky ba- 
bies (Stewait et al , 1954, Lakm, 1957) 
Again, howevei, we have no leason to assume 
that anxietv during piegnancy is the causal 
factoi m the production of colic It may be 
that the tenseness a mother displays m caring 
for hei child after birth is the important thing 
m its development Again, it is not unlikely 
that a mothei would become anxious and have 
doubts about her ability as a mother because 
hei child was acutely upset no matter what 
she did to tiy and comfort him 

Other variables, besides maternal emotional 
stiess, affect the welfaie of a developing fetus 
The use by the mother of ceitam drugs may 
cause vanous kinds of damage to the fetus 
Thalidomide, for example, is lesponsible for 
malformation of the limbs when used early in 
piegnancv It mteifeies with growth of the 
long bones of the aim, with the lesult that 
the fetus’ hands extend almost directly from 
its shoulders The legs aie less affected, but 
do show a similai distortion in growth (Taus- 
sig, 1962) Large doses of quinine, used m 
the tieatment of malana, often cause deaf- 
ness because of then effect on the fetal inner 
ear Maternal use of narcotics may produce 
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tempo: ary dysfunctioning m the fetus Mon- 
tagu (1950) suggests that heavy use of pam- 
killing drugs pnoi to deliveiy may affect the 
oxygen supply to the fetal brain and even 
lead to permanent brain damage with result- 
ing intellectual impairment Although theie is 
no evidence that maternal smoking has en- 
during effects on fetal development, Sontag 
and Wallace (1935) do repoit that the fetal 
heart rate often accelerates following the 
mother s smoking There is little evidence per- 
taining to the effect on the fetus of a mother s 
use of alcohol 

Fetal infection from maternal disease is 
infrequent, although m some lare cases in- 
fants have been bom with mumps, measles, 
chickenpox, oi smallpox transmitted from the 
mother (Goodpasture, 1942) Maternal syph- 
ilis, however, can have a damaging effect on 
the fetus The child of a syphilitic mother, if 
it avoids abortion, miscarriage, or stillbirth, 
may be born weak, deformed, oi mentally de- 
ficient (Montagu, 1959) It can also manifest 
the symptoms of syphilis, although these may 
not appear until many years after birth Ru- 
bella (German measles), contracted by a 
mother in her first two oi three months of 
pregnancy, is highly likely to produce a vari- 
ety of congenital abnormalities including deaf 
mutism, caidiac lesions, and microcephaly 
(Swan and Tostevm, 1946) This diveisity of 
abnormalities is explained by the fact that 
during early stages of development several 
organs are m the process of diffeientiation 
and hence susceptible to mjuiy Pionounced 
thyroid deficiency results m cretinism, char- 
actenzed by impaned intellectual functioning, 
failure of bones and cartilage to develop, a 
protruding abdomen, and rough, coarse skm 

Small amounts of X-irradiation m the ma- 
ternal pelvic legion do not appear to damage 
the fetus Muiphy (1929), howevei, reports 
that large doses of therapeutic X-irradiatiun 
given to motheis during pregnancy do result m 
physical and mental abnormalities in offspring, 
including intellectual retardation, physical de- 
formation, and blindness In a study of the 
effects of exposure to atomic attack, Neel 
(1953) reports a great increase m stillbirths, 
abortions, and malformations among infants 
bom to mothers who had been in Nagasaki 
and Hiroshima during atomic attack 

Because the unborn child's nourishment 
comes from the maternal bloodstream through 


the placenta, nutritional deficiencies in the 
mother, especially severe ones, will be re- 
flected m fetal development Hepner (1958) 
and Knoblock and Pasamamck (1958) lepoit 
a gi eater incidence of mental deficiency and 
physical abnormality (eg, general physical 
weakness, epilepsy, rickets, ceiebral palsy) 
m children whose mothers have expenenced 
serious malnutiition during pregnancy Sim- 
ilarly, Pasamamck, Lihenfeld, and their col- 
leagues (Pasamamck and Knoblock, 1961, 
Lihenfeld et al , 1955) have claimed a rela- 
tionship between incidence of complications 
dui mg the mothers pregnancy and various 
behavioial changes in the offspring, including 
tics, speech defects, and behavior disordeis 
Stott (1957, 1958), on the basis of data ob- 
tained mostly from retarded or mongoloid 
children, has attempted to relate causally 
pregnancy stiess, eaily illness, malformation, 
and “unforthcommgness,” a trait assessed by 
the Bristol social adjustment guides and de- 
fined m terms of a lack of assertiveness, “will 
and effectiveness ” In these studies, it must be 
pointed out that control of other vanables was 
loose and the samples atypical Furtheimoie, 
it is now known that mongolism oi Down's 
syndiome is due to a chromosomal anomaly 
Consequently, we must view the conclusions 
with some skepticism 

Prolonged malnutrition of the mother is 
one of the most common causes of fetal and 
neonatal death and of incurable damage to 
infants (Antonov, 1947, Smith, 1947, Stearns, 
1958) In an experimental study of maternal 
diet. Ebbs, Tisdall, and Scott (1942) supple- 
mented the diet of a group of mothers who 
had been receiving a nutritionally inadequate 
diet foi the first four oi five months of their 
pregnancies The diet supplement continued 
until five weeks aftei then babies were bom 
Mothers m a conti ol group continued to eat 
nutntionally inadequate food for then whole 
piegnancy There was a much smaller inci- 
dence of miscarriages, prematuie births, and 
stillbirths m the experimental than m the con- 
trol group In addition, babies born to mothers 
m the experimental gioup were healthier dur- 
ing their first six months 

Postnatal Influences 

The largest volume of work on the early 
experience problem has been directed to dem- 
onstrating the effects on later behavior of dif- 
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ferent kinds of treatment administered to a 
young oiganism dm mg the cntical phases of 
its postnatal development Like the studies 
on prenatal influences described above, woik 
heie has also been stiongly empirical m char- 
acter Vaiious sectors of leseaich m the aiea 
have been leviewed Beach and Jaynes ( 1954) , 
King (1958), Thompson (1960, 1966, 1968), 
Denenbeig (1962a, 1966), Hunt (1961), 
Sluckm (1964), Casler (1961), and by the 
vaiious conti lbutois to Stevenson, Hess, and 
Rhemgold (1967) and to Newton and Levine 
(1967) Since the numbei of studies done 
ovei the last 20 years piobably amounts to 
close to 1000, we shall not attempt to provide 
a complete leview of them In view of their 
largely paiametuc stvle, this would, m any 
case, be an almost unmanageable task In- 
stead, we piesent some of the majoi conclu- 
sions that seem to have emeiged regarding 
the types of vanables that aie involved m 
early expenence and the kinds of effects thev 
produce 

ANIMAL STUDIES 

Geneial Massive Stimulation 

As we indicated eaiher, an interesting ljne 
of work on animals grew directly out of Rib- 
ble’s observation that “mothering” had an im- 
portant role in promoting the healthy devel- 
opment of human neonates Initial experiments 
carried out on rats bv Bernstein (1952) and 
Weinmger (1953, 1956) involved a so-called 
“gentling” procedme — that is, the handling of 
voung lats for certain durations of time — and 
the latei behavioral assessment of these ani- 
mals together with “nongentled” conti ols Re- 
sults weie quite clear-cut and dramatic Thev 
showed, in essence, that such early manipu- 
lation produced large decreases m emotional- 
ity and an increase m exploratory activity and 
also alterations of a phvsiological nature, for 
example, a smaller enlargement of adienals 
in response to a severe adulthood stress such 
as immobilization coupled with complete food 
and water deprivation (Weinmger, 1953) 
Handled animals were more stress resistant 
than nonhandled rats 

Fiom the early 1950s, studies have pro- 
liferated at an exponential rate All conceiv- 
able variations of the problem have been 
examined, but it still seems true that really 
fruitful theoretical directions and solid em- 


pirical generalizations which aie not so bioad 
as to be trivial have failed to emeige in any 
clear fashion We shall summanze matenal 
undei two main headings treatments and 
effects, and essential paiameteis 

Treatments and Effects It was supposed m 
the initial phases of woik on the effects of 
eaily manipulation that being “gentle” to a 
young animal was a cntical aspect of the 
treatment (Bernstein, 1952, Wemingei, 
1953) This assumption was based at least 
m part on the work of Ribble (1944) cited 
earlier, m which the notion “love object” had 
been explicitly stressed What subsequent 
studies clearly showed, howevei , was that not 
only the “gentleness” with which handling 
was carried out melevant to the effects pio- 
duced (see, eg, Eells, 1961), but also that 
handling itself — m the sense of experimenter- 
contact — was also not a necessary condition 
Thus a noxious stimulation such as electric 
shock (Levine, 1956, Salama and Hunt, 
1964) or shaking oi moving the living cages 
of the animals (Levine, 1959) pioduces be- 
havioral changes indistinguishable from those 
produced bv handling The same applies to 
the manv othei types of treatment that have 
been used, including level of ambient stim- 
ulation (Denenberg et al , 1966, McMichael, 
1966), husbandly conditions, for example, 
pioceduies foi cage maintenance and mode of 
feeding (Denenberg and Whimbey, 1963, 
Adei, 1965), consistency oi roughness of 
handling (Eells, 1961), tempeiature altera- 
tions including cooling (Schaefer, 1963, 
Schaefer et al , 1962, Hutchings, 1963) or 
heating (Kline and Denenberg, unpublished, 
cf Denenberg, 1966, Werboff and Havlena, 
1963), and auditoiy or vibratoiy stimulation 
(Lindzey et al , 1960, 1963, Winston, 1963) 

Bovard (1958) attempted to distinguish 
two stimulation pioceduies Type I, involving 
actual stroking of an animal as in the Wem- 
mger and Bernstein studies, Type II, m which 
the animal is simplv lemoved from its home 
cage to a diffeient environment and then le- 
placed aftei a period of time However, since 
these piocedures have much the same effects, 
as Bovard points out, the distinction reallv is 
of questionable value 

Social conditions of leaung also appear to 
be impoitant Ottmgei et al (1963) have 
shown that multiple mothering — rotation of a 
litter from a real to a foster mother — -produces 
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increases m offspung emotionality, as does 
also the level of maternal emotionality Some 
woikers have suggested that litter size can be 
an impoitant vanable Seitz, m two studies 
(1954, 1958), showed that animals leaied m 
large htteis tended to be more emotional than 
those raised in small htteis, apparently due to 
the gieatei amount of individual attention ac- 
corded to a pup by the mothei when it does 
not have to contend with many otheis as well 
These general findings were confiimed by 
Carlson (1961) but not by Broadhuist and 
Levine (1963) The discrepancy may well 
have been due, as suggested bv Denenbeig 
(1966), to the genetic diffeience between the 
strains involved m then* studies Certainly, 
some genotypes are bettei “buffered” than 
otheis and less leadily show effects as a con- 
sequence of mmoi envnonmental manipula- 
tions 

Mixing of genotypes m a litter apparently 
has effects on latei behavior Resslei (1962) 
showed that B ALB/C mice leaied by fostei 
mothers of the same oi of a different strain 
(C57BL/10) elicit more maternal handling 
than if reared by their own mothei s The 
same does not apply m the case of C57BL 
pups, howevei Reading (1966) has further 
shown that the later behavior of these same 
two strains is affected, compaied to controls, 
by alien maternal rearing, it being apparently 
pulled away fiom that predicted bv their 
genotype m the dnection of that of the alien 
strain Work on the effects of intei species 
rathei than interstrain rearing has been cai- 
lied out by Denenbeig and his colleagues 
(Denenbeig et al , 1964, 1966, Hudgens et 
al , 1967) They have shown that mouse pups 
can be quite satisfactorily i eared by rat 
mothers Mice so i eared turned out to be dif- 
ferent from mouse-reared mice, the formei 
showing gieatei weights at weaning and at 48 
days and also less aggiessiveness It was also 
true m the Hudgens study, howevei, that 
mortality rate through weaning was appioxi- 
mately 75% foi the animals fosteied to rat 
mothei s as compared with about 25% for 
mice leaied by mothei s of their own species 
Hudgens and his colleagues argue that this 
selective bias is not serious But m the opin- 
ion of the wi iters they do not make a con- 
vincing case foi ignoring it, though it is 
admittedly difficult to assess piopeily the co- 


gency of then arguments on the basis of their 
report 

The general conclusion that may be de- 
rived fiom all these studies is that treatment 
effects aie nonspecific and that any differ- 
ences m kind oi magnitude are due not to any 
special featuies of a treatment but rather to 
variation m such fundamental parameter as 
its intensity and the age at which it is admin- 
istered An important qualification to this 
notion should also be made the specificity of 
the linkage between effects (howevei general 
they may be) and some treatment piobably 
mci eases with age In othei words, shocking 
a neonatal rat is likely to lesult in an animal 
which shows, m adulthood, a change in level 
of emotional lesponsiyeness to any kind of 
stimulus situation Shocking a postweanhng 
rat, on the other hand, may produce changes 
that aie similai m kind and extent but linked 
to the context in which the oiigmal experience 
occuired Gauron (1964) has emphasized the 
idea of tiauma-specificity and has piesented 
lelevant evidence He found that rats exposed 
early in life to a watei stress (immeision) 
perfoimed poorly m a watei -escape maze later 
m life, but behaved similai ly to controls m an 
avoidance learning situation It is quite pos- 
sible, of couise, that the diffeience was due 
not to the “ti auma-relevance” of the tests but 
rather to the iclative amount of stress each 
entailed Consequently, Gauron's thesis can- 
not be legarded as proved The semoi authoi 
has put forwaid a similar view (to be dis- 
cussed later), but one that postulates a de- 
pendence of degree of trauma-specificity on 
age and the accompanying diffeientiation of 
input systems Brookshne, Littman, and Stew- 
art (1961), in their distinction between three 
residua of eailv tiauma — "pure shock effect,” 
“acquired fear,” and “instrumental habit” — 
seem to be making a similai point They refer 
to the possibility that a tiauma may have 
three kinds of effect one mediated purely 
bv its action as a stressor, a second mediated 
bv the geneialization to othei cues of the fear 
lesponse it produces, and a thud mediated 
by the “shaping” it can exert on different op- 
eiants 

An important study by Lmdholm (1962) 
beais on these distinctions He was able to 
show that with a certain age group of rats 
(20 to 30 days), noxious stimulation could 
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have the paradoxical effect of establishing a 
conditioned fear to a specific but of 1 educing 
fear in general It is cleai from this result that 
the categoiy of “emotionality” may be too 
broad to be always useful Finally, Hender- 
son (1965) has suggested that the mechanism 
lesponsible foi later effects on emotionality — 
especially as measured by activity scores — 
may i elate to shaping of operant movement 
responses by the lemforcement involved in 
any stiess rather than to the stimulation ef- 
fects it has A study designed by this worker 
to test this possibility yielded negative results 
(Henderson, 1966b) Thus shaping does not 
seem to be an important factor at a very 
young age at least Again, however, it is still 
possible that such learning is involved, though 
to such a small extent that its effects are not 
readily discernible by the tests conventionally 
used 

As the piecedmg discussion has indicated, 
the major target systems for early stimulation 
appear to be those connected with emotional 
behavior Changes show up on such variables 
as open-field activity level of defecation, 
avoidance learning, shock escape learning, va- 
i lous “time of emergence” tests, responsive- 
ness to stress including survival time, diffeient 
measures of exploiatory behavior, social be- 
havior, dominance, and watei-maze learning 
(see Denenbeig, 1966, Thompson, 1966, 
1968) On the physiological side, effects have 
been demonstiated with respect to general 
growth rate (Levine, 1961), adrenal size 
(Weinmger, 1956), adienal ascorbic acid ac- 
tivity (Levine et al , 1958, 1959), formation 
of gastric eiosions (Ader, 1965), leukocyte 
changes m response to stress (Levine, 1961), 
plasma corticosterone level (Denenberg et al , 
1967, Haltmeyer et al , 1967), subcortical 
cholinesterase activity (Tapp and Markowitz, 
1963), and survival time m response to car- 
cinoma implantation (Newton et al , 1962) 
Such results as these have led some if not 
most workers to the conclusion that early 
manipulations of most kinds do not directly 
affect intellectual functions Denenberg and 
Morton (1962b) have put forward this view 
on the basis of then data showing no effects 
of early preweamng handling on Hebb-Wil- 
liams maze performance Their conclusion is 
supported by Schaefer ( 1963 ) and by Winston 
(1963) It is still true, of course, that most 


tests of intelligence m animals involve com- 
ponents of emotionality and motivation Con- 
sequently, unless these aie parcelled out by 
some procedure (eg, extensive pretraining) 
they will inevitably show up in tests of ex- 
ploration and maze learning Meyers (1962), 
for example, has reported effects on the tend- 
ency of animals to “exploie” an alley, but it 
is very doubtful if his measures reflect any- 
thing beyond what is commonly thought of 
as emotionality or lesponsiveness to stress 
DeNelsky and Denenberg (1967), on the 
other hand, have claimed to have been able 
to pull apart experimentally factors of emo- 
tionality from factois of exploiation and curi- 
osity They found that handling pioduced 
rats that were less emotional (as measured 
by defecation and general activity level) but 
more exploratory m the sense that their ac- 
tivity increased m proportion to the amount 
of “complexity” (tactual variation) offered by 
the environment Nonhandled controls showed 
decreasing activity with mci easing environ- 
mental variation A similar finding was le- 
ported earlier by Halhday (1966) 

Relevant Parameters If it is granted that 
the behavior most affected by massive stimu- 
lation early in life have to do with emotion 
oi arousal level, three important questions 
may still be asked ( 1 ) Is it possible to articu- 
late more precisely this rather broad category? 
(2) What can be said about the direction of 
changes pioduced? (3) To what extent is the 
“eaihness” of the stimulation a necessary con- 
dition for producing lasting changes? 

In lesponse to the first problem, not a 
gieat deal can be said The only real attempt 
at dimensional analysis of emotionality has 
been made by Whimbey and Denenberg 
(1966), who factor analyzed results obtained 
on 23 tests of early stimulation effects Three 
of the six obtained factois were reported as 
being clearly identifiable, “emotional leactiv- 
ity,” “consumption-elimination,” and “field ex- 
ploiation ” Although the rationale of the study 
was a good one, such results are not very in- 
formative In the opinion of the writers, ex- 
perimental rather than statistical dissection 
of the behaviors involved m eaily experience 
effects will be more likely to yield fruitful 
conclusions The studies of DeNelsky and 
Halhday cited above appear to be oriented m 
this direction 
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Infantile experience groups 
(a) 



Miliiamperesof shock at 25 days 
(b) 

Fig 6 (a) Number of avoidance responses m 

adult mice as a function of amount and age of 
infantile handling (b) Number of avoidance re- 
sponses m adult mice as a function of shock level 
used dunng training and amount of shock stimu- 
lation received at 25 days of age 

Data m regard to the second question are 
more definitive Denenberg (1959) and Den- 
enberg and Karas (1960) were among the 
first to demonstrate emotional reactivity may 
be either increased or decreased depending 
on intensity of stimulation Their mam results 
for avoidance learning m mice are shown m 
Fig 6 Additional data bearing on this point 
have been provided by Denenberg (1962b) 
using rats, his measures being weight, avoid- 
ance leammg, and survival time following 
complete deprivation Again, the relation be- 
tween these variables and number of days of 
handling was generally curvilinear m form 


Numerous othei investigators, notably Le- 
vine, Chevalier, and Korchin (1956), Meyers 
(1965), and Henderson (1964), have le- 
ported similar results The data of Meyers' 
(1965) are summanzed m Fig 7 

Besides duration and physical level of stim- 
ulation, frequency and the extent of massmg 
or spacing of stress (Kaias and Denenberg, 
1961, Henderson, 1966c) are also important 
variables, presumably because these relate di- 
rectly to mtensity 

It should be obvious, of course, that effects 
will be unidirectional if only a limited inten- 
sity range is studied Thus Denenberg and 
Haltmeyer (1967) showed that plasma coiti- 
costerone level assayed m rats following shock 
in adulthood at eithei of two levels deci eased 
as a function of number of days of handling 
These data are presented m Fig 8 Whether 
the cuives would m fact inflect if more or less 
stimulation weie imposed is unknown The 
authors take the position that they would not 
and that this physiological variable bears a 
monotonic relation to level of infantile stimu- 
lation Although such a point of view appears 
to be at odds with the behavioial data cited 
above, it need not be, provided one assumes 
that a certain scoie on a test (eg, avoidance 
learning) can occur for quite different reasons, 
thus an animal can perform pooily because it 



shock shock 

Fig* 7 A U-shaped function relating explora- 
tory activity and degrees of intensity of stimula- 
tion (Meyers, 1965 ) 
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Fig 8 Mean plasma corticosterone response as 
a function of preassay shock level and amount of 
pnor stimulation (handling) (Denenberg and 
Haltmeyer, 1967 ) 

is very emotional or, conversely, because it is 
very unemotional A fuller statement of this 
notion has been made by Denenberg (1964) 
and will be discussed later m more detail 
Age is another paiameter showing some- 
what the same relation to dnection of effects 
This point has been demonstrated by Bell et 
al (1962, 1963) and by Henderson (1964) 
Figure 9 summanzes the results of the second 
of these investigators relating the effects of 
shock oi handling at each of seven ages to 
defecation and avoidance-learning scores mea- 
sured at 60 and 85 days of age, respectively 
The age effect is very clear empmcally speak- 
ing, though the theoretical reason for it is less 
obvious Furthermore, it is not certain to what 
extent such a sensitive period is liable to shift 
according to the level of stimulation used 
When both age and manipulation intensity 
are varied at the same time, results of manip- 
ulation intensity tends to overwhelm those of 
age (Denenberg and Klme, 1964) For this 
reason, Denenberg (1962) has argued that a 
search foi critical periods in relation to early 
stimulation effects may be a fruitless task 
The final question concerns the extent to 
which the kinds of change discussed are de- 
pendent on stimulation early m life and 
whether they can as readily be produced m 
adult animals It is usually assumed that the 


immaturity of the animal is an important if 
not a necessary condition for producing dras- 
tic alterations, but few studies have explicitly 
shown this to be so In fact, some of those 
investigators who have utilized adult control 
groups, for example, Dolittle and Meade 
(1957), Adei (1959), and Brookshire, Litt- 
man, and Stewart (1961), have shown that 
prior experience is certainly important, but 
not exclusively early expenence Doty and 
Doty (1967) used five age groups — 3-, 15-, 
250-, 400-, and 600-day-old animals — to 
study the effects of handlmg on behavior 
Their results indicated that all age levels were 
affected and only temporarily Age was a 
major variable determining activity level, re- 
gardless of extrastimulation treatment 

On the other hand, other investigators have 
obtained positive results Levine (1956), for 



(a) 



(b) 

Fig 9 (a) Open-field defecation as a function 

of age of stimulation (shock) (Henderson, 1964 ) 
(b) Trials to criterion m avoidance responding 
in adult mice as a function of age of stimulation 
( shock ) 
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example, used a group of lats handled in in- 
fancy, one not handled, and an adult-handled 
group He found that the early treated ani- 
mals were the least emotional, the conti ols 
the most emotional, and the adult-handled 
lats m between These conclusions are in gen- 
eral agreement with data lepoited eailiei by 
Hunt (1941) and Wolf (1943) As matteis 
stand, then, the problem can still be consid- 
ered to be not completely settled Before it 
can be, it will certainly be necessary to dis- 
sect moie closely the experience that is being 
put m, since it is quite likely that some types 
of stoiage occur moie readily in young and 
other types more readily m older animals 
Campbell (1967) has argued, on the basis of 
a good deal of data, that adults do, m fact, 
retain conditioned avoidance lesponses better 
than young lats But it would be a mistake to 
suppose that the same necessarily applies to 
the kind of changes m emotionality or re- 
activity brought about by stimulation Much 
more work needs to be done on this interest- 
ing question 

Special Treatments 

Several attempts have been made to es- 
tablish the effects of quite specific types of 
early stimulation Thus Soskm (1963) raised 
rats in a vibiatmg environment between 
eithei 1 and 21, 22 and 43, or 44 and 65 
days of age None of the experimental groups 
turned out to piefei a vibrating envnonment 
when tested in adulthood, but the 1 to 21 
day group showed significantly less avoid- 
ance of the vibration ovei a stable environ- 
ment when given a choice 

Man and Gardner (1965) studied the 
effects of early exposure to particular ol- 
factory cues Young rats rubbed daily with 
cologne latei showed a preference foi ani- 
mals also smelling of cologne Methyl sali- 
cylate did not produce any alterations m so- 
cial choice 

Other studies have dealt with the effects 
of early auditory stimulation Henry (1967) 
showed that mice exposed between 12 and 
20 days to a bell foi 30 sec showed mci eased 
severity of audiogenic seizures later on It is 
of intei est that the strain used (C57BL/6) 
is considered to have normally a high thresh- 
old to sound-induced seizures It is also 
worth noting that such a "priming” had ef- 
fects whethei the animals were awake at the 


time or were anesthetized (ether oi sodium 
pentobarbital) 

A lather original experiment reported by 
Cross et al (1967) involves more complex 
auditoiy experience Rats were exposed early 
m life to the music of eithei Mozart or Schoen- 
berg Prefeience tests m adulthood (between 
diffeient woiks of the same composeis) yielded 
the surprising lesult that Mozart lats showed 
a definite preference for this music, but 
Schoenbeig rats showed no pieference The 
authors attributed the latter effect to the 
high complexity of Schoenberg’s music — one 
too high to be "an appiopnate ‘object’ of at- 
tachment foi the lowly rat ” 

Anothei study of more basic importance 
was earned out by Heion and Anchel (1964) 
They showed that rats exposed m early life 
to synchronous sensory bombaidment mani- 
fested m adulthood EEG patterns that were 
alteied towaid being phased to this syn- 
chrony 

Proceduies that involve manipulation of 
food intake have been used by a number of 
investigators As early as 1941, Hunt (1941) 
found that feeding frustrations imposed on in- 
fant rats produced an mciement m hoarding 
behavior latei on Likewise, Amsel and Penick 
(1962) using a similar manipulation involving 
degiee of accessibility of food also found 
effects on later behavior Rosen and Wejtko 
(1962) found that delaying weaning of rats 
until 42 days had no effects on emotional oi 
eating behavior but did lower dominance m a 
competitive feeding situation Novakova 
(1966) studied the relation between weaning 
age and acquisition late and stability of a 
conditioned leflex (dunking on a signal) He 
found that rate of learning was mveiselv 
proportional to earlmess of weaning, those 
weaned at 15 days showing the slowest ac- 
quisition rate, those weaned at 30 days the 
fastest rate Similaily, stability of the trace 
was least in the early gioup and gieatest in 
the late group 

As might be expected, neonatal X-irradia- 
tion affects latei behavioi (Meiei et al , 1960, 
Agrawal et al , 1967) as does hypeioxia 
(Gieenbaum and Gunbeig, 1962) Meier and 
Garcia-Rodnguez (1966) have implicated, m 
the case of rhesus monkeys, mode of delivery 
(caesanan versus normal) as a factor that 
can alter emotional and avoidance learning 
ability 
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Fig. 10. Avoidance responding as affected by 
occipital cortex ablation at two age levels. ( Isaac 
and Baker, 1963.) 

Brain insult occurring early in life might 
be predicted to have severe effects, and Hebb 
(1942, 1949) has argued persuasively for this 
point of view. Indeed, it does seem to be 
true that clean surgical removal of large 
amounts of brain in the adult often exerts only 
small effects on psychometric intelligence. 
Support is given to these data by some of the 
animal work. Thus Isaac and Baker (1963) 
showed that bilateral and occipital cortex 
ablation produced large defects in conditioned 
avoidance learning in relatively young ani- 
mals (around 100 days) compared to older 
subjects (210 days). Surprisingly enough, the 
older subjects showed a facilitation of learn- 
ing ability compared with controls. These 
data are shown in Fig. 10. The reason for this 
is not clear. On the other hand, other work 
on animals, for example, the early studies of 
Kennard (1936) on monkeys and of Tsang 
(1937) on rats, have yielded opposite results. 
These investigators found that early operated 
subjects showed smaller deficits and any 
losses in function that were initially produced 
were recovered faster in these. 

It is not entirely clear to what variables this 
apparent contradiction is due. It is possible, 
however, that rearing conditions have an im- 
portant influence on the effects of brain in- 
jury and that the relatively rich environ- 
mental conditions to which most human 
adults have been exposed throughout their 
lives may serve to buffer biological intelli- 
gence against trauma. Most laboratory ani- 


mals, on the other hand, do not have such an 
advantage, spending most of their lives in 
semirestriction. The validity of this notion is 
supported by the work of Schwartz (1964), 
who found that early brain lesions in rats 
(18 to 24 hours after birth) produced signif- 
icant changes in Hebb- Williams maze perform- 
ance only if the animals were reared in a 
restricted environment. Free-environmental 
rearing minimized the effects of ablation. 
These interesting results are presented in 
Fig. 11. It should be noted, however, that the 
data of Isaac and Baker showing a facilitating 
effect of late lesions on performance can 
hardly be explained by reference to environ- 
mental variables. Possibly changes in arousal 
level were involved, these, in turn, affecting 
responsivity to the CS and UCS involved in 
the learning task. 

A great deal of work has been carried out 
on the effects of early chemical manipulations. 
Deprivation of an essential dietary com- 
ponent such as protein will produce changes 
in learning ability at later testing (Penner, 
1966). Likewise, adrenalin given preweaning 
can increase emotionality (Henderson and 
Eisner, 1966) and such substances as reser- 
pine and deanol also produce changes in 
various behavioral dimensions inchiding emo- 
tionality and discrimination learning (Meier 
and Huff, 1962). Meier and Huff argue, on 
the basis of their results, for a nonassocia- 
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Fig. 11. Hebb-Williams maze performance as a 
function of neonatal cortical lesions and subse- 
quent mode of rearing. ( Schwartz, 1964.) 
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tiomstic learning mechanism as the means by 
which the residua of eaily drug tieatment are 
stored In this connection, it is of interest to 
note that the magnitude of effects of early 
stimulation depends heavily on the chemical 
state of the animal Young (1964) has shown 
that these were mitigated m rats if, pnor to 
tieatment, at 2 to 4 days, the annuals weie 
injected with eithei norepmephnne oi chloro- 
promazme 

One of the moie interesting lines of work 
m the present context, since it may beai on 
the well-known syndrome m human beings, 
has been on experimental phenylketonuna 
Excessive overloading of phenylalanine plus 
tyrosine was imposed by Woolley and Van 
Dei Hoeven (1964) on newborn mice They 
repoited maze deficits m adulthood as a re- 
sult of this treatment and argued that a sero- 
tomc deficiencv was directly implicated On 
the other hand, as we noted eailier, Thomp- 
son and Kano (1965) did not find changes 
m intelligence as a result of maternal phenylal- 
anine overload prenatally, though large 
changes m emotionality did appear It is pos- 
sible that the maze test of Woolley and Van 
Der Hoeven assessed emotional as much as 
intellectual differences and were the former 
taken out the latter might well not have ap- 
peared Postweanmg administration of the 
compound under discussion does appear to 
affect intelligence m rats (Louttit, 1962, 
Polidora et al , 1966), and monkeys (Wais- 
man et al , 1959, 1960) However, it is still 
not certain whether these kinds of change 
are m any sense analogous to the veiy drastic 
effects found on phenvlketonuria m human 
beings 

A final aiea of woik has been concerned 
with earlv manipulation of sexual hormones 
and structures associated with sexuality Le- 
vine and Mullins (1964) reported drastic 
changes in the vaginal cyclicity and mating 
behavior of female rats given 5/^g to lOOjug 
estrogen during the first few days after birth 
These lesults were partially supported by 
Whalen and Nadler (1965) They found 
absence of ovulation m female rats tieated 
with estradiol benzoate shortly after birth, 
and absence of lordosis, though some passive 
receptivity to males Gray et al (1965) re- 
ported that eaily injection in rats of either 
male oi female sex hormone decreased emo- 


tionality tested later m life Sex and strain 
diffeiences also showed up 

Environmental Enrichment and Restriction 

Methods and Effects The technique of giv- 
ing special piactice to an animal m respect 
to certain functions or, conversely, lestnctmg 
peifoimance of those functions dates back 
to the late nineteenth century In 1873 Spald- 
ing (see Spalding, 1954) showed that restric- 
tion of the incipient flight movements of 
young swallows impaned then flying ability 
later A leplication of this study much latei 
bv Dennis (1941) using buzzaids yielded the 
same lesults The effects of letnction of swim- 
ming m amblystoma was studied m a senes 
of investigations started by Caimichael 
( 1926) He found that paialysis of movement 
induced by immeision m chloretone produced 
no effects Matthews and Detwilei (1926), 
however, were able to demonstiate that pro- 
longed immersion m the solution beyond a 
certain penod lesulted m definite impairment 
Restnction on the sensorv side was used by 
Metfessel (1940) to explore the mode of 
song acquisition m lollei canaries Young 
buds which had never been allowed to hear 
the species song were still able to reproduce 
it pioperly On the othei hand, certain as- 
pects of the song — vibiation frequencies — 
could be altered by enforced exposure to an 
electionic oscillator These observations have 
lecently been extended by a numbei of work- 
eis (see Mailer and Hamilton, 1966) to song 
acquisition m the white-thioated spairow of 
the Bav area m north ein California 

Woik on the effects of general restnction 
and general enrichment was given its initial 
impetus bv the theoietical stress laid by Hebb 
(1949) on the importance of eaily learning 
We have already leferred to his own study 
on the intelligence of home-reared compared 
with laboiatory-reared lats Several of his 
students and colleagues at McGill followed 
up these initial observations, notably Hymo- 
vitch (1952), Forgays and Forgays (1952), 
and Forgus (1954) They all were able to 
show quite clearly that the problem-solving 
ability of rats, as indicated chiefly on the 
Hebb-Williams maze test, was markedly 
raised by rearing m a so-called “rich” en- 
vironment This environment usually was de- 
fined loosely in terms of increased physical 
space and greater sensory complexity 
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Another series of similar expenments was 
also staited at McGill aiound 1950 on a 
higher species — the dog ( Clarke et al , 
1951) The general method was roughly 
similar to that used m the rat studies Thus 
comparisons were made on a variety of tests 
between Scottish temeis that had been reared 
in i datively restricted laboratory cage situa- 
tions with dogs raised as pets either m the 
lab or m homes m Montreal The initial finding 
of Clarke et al showed that such manip- 
ulations pioduced dramatic differences m in- 
telligence, emotionality, motivation, and social 
behavior Follow-up studies were carried 
out ovei the next few years by Thompson, 
Heron, Melzack, and others (see Thompson 
and Melzack, 1956) Procedure was the same 
as that of Clarke et al with some additional 
control over degree of restriction In a series 
of papers it was demonstrated that lestuction 
produced greatly heightened diffuse activity 
level (Thompson and Heron, 1954a), marked 
deficiency m tests of problem solving, maze 
ability, and delayed responding (Thompson 
and Heron, 1954b), a tendency to epilepti- 
form seizures (Thompson, Melzack, and 
Scott, 1956), and diminished social capacity 
(Melzack and Thompson, 1956) In addition, 
the restricted animals showed a curious ap- 
parent insensitivity to pain (Melzack and 
Scott, 1957) One experimental dog, for ex- 
ample, would continually approach and con- 
tact a lighted cigar or match without showing 
any obvious signs of distress but only general 
excitement This qualitative finding was con- 
firmed in a moie controlled manner using an 
electrified, remote-controlled toy car Some 
of the findings are shown m Table 2 The re- 
sults weie summarized by one of the experi- 
menters as follows (Thompson, 1955, pp 
130-131) 

the restricted dogs present a picture of 
letarded psychologic development In almost 
every way, their behaviour is more like that 
of puppies than of mature dogs 

The “puppylike” behavior that ensues on 
restriction is indeed striking and contrasts 
sharply with the more serious demeanor of 
normally raised animals It fact it was quite 
chaiactenstic foi most visitors to the labora- 
tory to mistake the normal dogs for the de- 
prived ones on account of the general ebul- 


lience and alertness of the lattei It should 
be remarked, howevei, that a veiy seveie 
lestuction imposed on a few animals did pro- 
duce an initial traumatic reaction at the time 
the subjects weie fust exposed to the world 
This factor has been emphasized, as we shall 
see shortly, by other workers 
These findings have, in the mam, been 
confirmed and extended by later investiga- 
tors using other dog breeds (Melzack, 1962, 
Melzack and Bums, 1965, Fuller and Clark, 
1966a, 1966b, Fuller, 1966) However, in- 
terpretations of how the effects of restriction 
operate to pioduce the results they do have 
varied somewhat This point we shall take 
up later 

The effects of lestnction and ennchment 
on higher species were studied initially in 
more specific contexts Thus the work of 
Riesen and his students (Riesen, 1958, 1961) 
has focused mainly on the specific pezceptual 
handicaps that result fiom various types of 
visual deprivation This work has shown 
cleaily that exposure to light dui mg early 
development is necessary for normal visual 
function later on Chimpanzees reaied m 
complete darkness show gross deficits, for 
example, lack of ability to fixate objects, im- 
paired blink reflexes, poor depth perception, 
and poor size discrimination (Riesen, 1947) 

Table 2 Effects of Early Restriction on 

Various Adult Behaviors m Dogs 

Activity Levels (minimum activity in 
4 1 /2-hour tests) 

Normal 14.11 

Restricted 21 32 

Intelligence 

Delayed response Maze errois 
(median delay for 18 problems 
reached m second) 


Normal 

240 

237 

Restricted 

0 

Social Behavior 

344 


Dominance 

Social contact 


(number of wins) 

with 

another dog 
(seconds) 

Normal 

57 

97.7 

Restricted 

7 

645 


From Thompson and Heron (1954a ? 1954b); 
Melzack and Thompson (1956) 
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However, it was pointed out by Riesen 
(1951) that dark-rearing also produced phys- 
iological changes in the visual system — m 
particular, a maiked pallor of the optic disk 
This finding was confirmed by Brattgard 
(1952) using labbits Such a defect can be 
paitly mitigated by rearing animals in such 
a way that they receive diffuse but not pat- 
terned light stimulation Under these condi- 
tions perceptual losses are again obtained 
though of considerably less severity A daily 
lation of patterned light stimulation (1J4 
hours) was sufficient to allow almost normal 
development of visual function ( Riesen et al , 
1951) Latei work has borne out and ex- 
tended these general conclusions (see, e g , 
Riesen et al , 1964) 

The effects of specific restrictions have also 
been studied m lower species Thus Spigel- 
man and Bryden (1967) used rats to examine 
the effects of deprivation of one modality 
on performance that depended on the use of 
a different one They found that animals 
penpheially blinded by enucleation shortly 
after birth did poorly compared to late- 
blmded animals on an auditory localization 
task Curiously enough, the late-blmded pei- 
formed bettei than sighted animals, although 
it is likely this difference was due to chance 
Finally, early-blinded did better than late- 
blmded or sighted on a nonspatial auditory 
learning task 

Besides such specific deficits that ensue on 
restriction, other changes are produced Es- 
pecially since the work of Harlow (1958) 
on the development of affectional systems 
m primates, much attention has been given to 
the effects of different rearing procedures on 
social behavior Starting m the late 1950s and 
1960s, there has been a rapidly growing body 
of liteiature dealing with the general effects 
on pnmate behavim of partial or complete 
isolation Thiee of the major centers for this 
work have been the University of Wisconsin, 
Cambridge Umveisity, and Yerkes Lab at 
Orange Park At the first of these institutions, 
studies have been leported by Mason and 
Fitz-Gerald (1962), Rowland (1964), Mason 
and Sponholz (1963), and Griffin and Har- 
low (1966) among others For the most part, 
early isolation produces striking deficits m 
social behavior and tempei ament Animals 
so reared aie socially inept and often very 
emotional as compared to normals, Learning 


generally does not appear to be so greatly af- 
fected, though Griffin and Harlow (1966) 
have suggested that more complete testing 
piocedures might well uncover deficits The 
Cambridge studies have focused more on 
early social behaviois — particularly those oc- 
cuinng between adults and young and the 
effects of manipulation of these (eg, by 
mother-infant separation) on behavioi (eg, 
Spencer-Booth et al , 1965, Hmde et al , 
1966, Hmde and Spencei -Booth, 1967) 

At Yerkes Lab, Menzel and colleagues 
(1963, 1964) compared normally laboratory- 
real ed, restiicted, and wild-born chimpanzees 
He found that restriction produced timidity 
and lack of willingness to appioach novel ob- 
jects in their environments Such differences 
m “responsiveness” appealed to be mainly a 
function of differences between i earing and 
testing environments They tended to decline 
with age These findings appear to be m es- 
sential agreement with those of the dog and 
monkey studies descnbed previously 

Melzack (1965) has aigued, somewhat m 
the same vein, that restricted dogs do not 
really have behavioral deficits and are on a 
continuum with normals m respect to psy- 
chological functioning Restriction has the ef- 
fect simply of increasing the novelty of cues 
m any testing situation confronted Thus prior 
experience fails to make the positive contribu- 
tion to performance that it does m the case 
of normals In other words, restricted rearing 
produces a different kind of background but 
not necessanly abilities that are defective in 
any usual sense of this teim Melzack's point 
of view is backed up by data indicating that 
the EEGs of restricted dogs shift from pre- 
dommantlv low to high frequencies when 
they are permitted to look through their cage 
doors at a novel environment Changes of 
comparable magnitude do not occui with 
normal animals (Melzack and Burns, 1965) 
•If early experiences of the kinds we are 
discussing affect behavior, they also must pro- 
duce physiological effects We noted earliei 
Schwartz' finding (1964) that the deleterious 
effects of very eaily brain damage m rats on 
later problem-solving ability can be attenu- 
ated by free-environmental rearing In this 
study, cortical removal was carried out pnor 
to environmental treatment Thus it is reason- 
able to ask what would happen if the two 
treatments were reveised Such a question 
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was posed m an experiment by Smith ( 1959) , 
who compared the effects of extrastriate pos- 
terior or anterior cortical lesions in cage- 
reared as against free-environment reared 
rats The results turned out to be rather 
complex In the cage-reared animals, there 
appeared to be a positive relation between 
lesion size and loss m maze performance 
This finding was considered to be m accord 
with Lashley’s principle of mass action In 
the "free” group, however, no such relation- 
ship appeared, for these subjects, locus ap- 
peared to be of importance — those with small 
posterior lesions performing worse than those 
with large anterior lesions Such data are 
difficult to interpret, more especially since a 
later study (Wittrig, 1966) has reached the 
almost opposite conclusion that enriched early 
environmental experience may enhance corti- 
cal equipotentiahty The discrepancy between 
these two sets of results undoubtedly lies m 
the procedural differences involved and more 
exact specifications of which of these are the 
most critical should provide some interesting 
research possibilities 

Besides the possible influences early rearing 
experience may have on brain functioning, it 
has become very clear, in the last decade, that 
its effects can also extend to brain anatomy, 
physiology, and biochemistry This has now 
been demonstrated quite decisively by the 
Berkeley studies of Krech, Rosenzweig, and 
their colleagues These investigators have 
shown using rats that (1) brain cholines- 
terase activity correlates positively with 
genetically based maze ability, (2) enriched 
environmental rearing results m significant 
increases m brain acetylcholinesterase activity 
m both the cortex and the rest of the brain, 

(3) enriched environmental rearing results 
m increased brain weight, mostly attributable 
to cortical thickness, and glia to neuron ratio 
increases There is also a suggestion that those 
specific cortical areas that are subjected to 
greater input show greater anatomical change, 

(4) such effects can be obtained by manipu- 
lation of adult as well as of young animals, 

(5) an impoverished condition of rearing 
(le, confinement m a highly uniform and 
monotonous environment) will produce re- 
sults opposite to those described above This 
effect is due specifically to lack of stimulation 
rather than to any stressful aspects of the 


situation (Rosenzweig, 1966, Krech et al , 
1966) 

This carefully done series of studies thus 
demonstrates cleaily that early experiential 
variables can have profound influences on 
brain physiology and biochemistry Which 
changes are the most crucial with respect to 
behavior still constitutes a problem It is 
quite likely that the increase in acetylcholines- 
terase activity may indicate an increased 
number of functional synaptic connections 
and that this may be the dimension critical 
to improved intellectual functioning How- 
ever, this is a problem that still remains to be 
solved 

RNA (ribonucleic acid) has received a 
great deal of attention m connection with 
learning and memory functions It is ap- 
parently also susceptible to early environ- 
mental manipulation, as shown in a study by 
DeBold et al (1967) These mvestigators 
demonstrated with rats that rearing m dark 
from weaning for vanous penods of time and 
then being transferred to light produced al- 
terations m the highest molecular weight frac- 
tion of RNA from occipital cortex The Berke- 
ley Laboratories have also implicated RNA 
m the effects of differential rearing procedures 
(Rosenzweig, 1966) 

The apparent fact that the adult brain — at 
least m the case of the rat — is as responsive 
to environmental manipulation as the young 
brain is also worth noting, since it contradicts 
the common presumption concerning the 
greater plasticity of youth Whether the same 
will also turn out to be true for higher species, 
however, remains to be seen 

The Essential Parameters The major ques- 
tion arising from the studies we have dis- 
cussed concerns the specification of the vari- 
ables mainly responsible for mediating the 
effects of restriction or enrichment — as well 
as the exact nature of the behavior changes 
they produce One would expect at least that 
age would be implicated and this does m 
fact seem to be the case* Thus Hymovitch 
(1952), one of the few to employ an adult 
control group, found that late manipulation 
of environment produced no appreciable 
changes m the learning ability of rats On 
the other hand, the same was not found by 
Woods (1959) His adult group did, m fact, 
show marked improvement m maze perform- 
ance as a result of exposure to a free environ- 
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ment Consequently, we must be a little 
cautious about drawing definite conclusions 
concerning the importance of age 

It should be noted also that age is a vari- 
able with two aspects Thus some environ- 
mental expei lence may or may not have an 
effect, not only because of the particulai 
developmental status an animal has but also 
because of the expei lence the animal has had 
up to that point These aie two separate 
problems, but they are hard to disentangle 
It is clear also that the independent vari- 
ables are very complex The categories “en- 
riched” and “restricted” are global ones in- 
volving many factors The former usually is 
defined operationally in terms of largei 
amounts of space, more complex sensory 
(especially visual) stimulation, and the pro- 
vision for more complex modes of motor re- 
sponse The latter category, of course, involves 
presumably the opposite features What is 
not yet fully understood is which of such 
dimensions is mainly operative m producing 
changes m behavior, and also whether the 
same variable is involved in effects of both 
ennchment and restriction 
Hymovitch (1952) was one of the first 
workers to focus on this problem In his free- 
environment situation, he had some subjects 
which were allowed to roam freely about the 
full extent of the cage, while others were 
confined m small wire-mesh cages m the 
enclosure The confined subjects had extra 
visual stimulation but no opportunity to re- 
spond very much to it Results showed that 
the two experiences had equivalent effects on 
problem-solving ability Consequently, Hymo- 
vitch concluded that perceptual experience 
was the critical factor m early emotional ex- 
perience On the other hand, two experimen- 
ters from the McGill laboratory, Forgays and 
Forgays (1952), made a similar comparison 
and found the veiy opposite to hold true 
Thus rats allowed motor activity m addition 
to broad perceptual experience showed better 
performance than subjects provided only with 
the lattei What probably is critical is the 
similarity between the so-called rearing en- 
vironment and the latei testing situation This 
point was demonstrated by the Forgays, who 
reasoned that the free-environment situation 
involved continued opportunity to fixate on 
distant visual cues, whereas restriction neces- 
sarily forced animals to attend to proximal 


stimuli If this were true, then changing the 
position of the maze m refeience to the loom 
after a certain level of performance had been 
achieved should pioduce a greater disturb- 
ance for free-environment than for restricted 
animals This, m fact, turned out to be the 
case 

The series of studies earned out by Foigus 
(1954, 1955a, 1955b, 1958) has made essen- 
tially the same point That is to say, the find- 
ings seem to indicate that the effects of rich 
or impoverished rearing are “good” or “bad” 
relative to the demands of a criterion task 
Theoretically, this means that provided the 
appropriate test could be supplied, restriction 
might turn out to have good effects and free- 
environment reanng to produce deficits in 
peiformance Perhaps the most sensible posi- 
tion to take is to define as a rich environment 
one that will facilitate peiformance on a maxi- 
mum number of task dimensions This has 
been generally the position taken by Meier 
and McGee (1959), who suggested that an 
enriched early envuonment furnishes oppor- 
tunity for progressive stimulus differentia- 
tion m all modalities including the kinesthetic 
The more modalities that are involved, the 
richer the expenence can be consideied to be 
and the more performance m a variety of 
tasks should be facilitated 

We may still ask, however, whethei such 
a passive exposure to a complex environment 
and the perceptual differentiation this pro- 
duces is the only variable at work It can be 
aigued that active exploiation of the world 
and the setting up of certain sensorimotor 
coordinations will also be of great importance 
This notion has been put forward especially 
by Held and his colleagues, who have stressed 
the importance of the motoi side m sensori- 
motor development — particulai ly the place of 
leaffeient stimulation that ensues on muscle 
action In a series of experiments using hu- 
man and animal subjects, these workers have 
manipulated this variable by comparing the 
results of discrimination tiammg under con- 
ditions of self-produced or active movement 
with those under conditions of passive or ex- 
periment-produced movement (Held and 
Heim, 1963, Held and Schlank, 1959, Held 
and Bossom, 1961) In one of these experi- 
ments, for example, an ingenious carousel 
arrangement was used This allowed one mem- 
ber of a pair of subjects to explore actively 
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the surrounding environment but the other, 
yoked to the first and restrained m a box, 
had only passive exposure to the same envi- 
ronment Subsequent testing indicated that 
the “passive” kittens compared to the “active” 
animals were deficient on tests of visually 
guided paw placement, discrimination on a 
visual cliff, and development of a blink re- 
sponse (Held and Heim, 1963) The general 
conclusion is that both for the normal devel- 
opment and maintenance of visual spatial 
performance, the patterns of reafferent stim- 
ulation ansmg from active or self-induced 
movement are essential Although their ex- 
pel imental procedures involve difficulties that 
make precise conti ol over the relevant vari- 
able rathei imprecise, these do not greatly de- 
tract from the validity of this idea 
If the advantages of ennched environ- 
mental rearing he m the maximizing of com- 
patibility between geneial living circum- 
stances and test conditions, we might expect 
that the noncompatibihty that ensues on se- 
veie restnction will have at least two effects 
The one we have emphasized so far has been 
of a cognitive sort in that it relates to the 
adequacy of intellectual preparation that a 
subject, because of prior rearing conditions, 
can bring to some criterion task However, 
there is an affective factor also involved A 
sharp dispanty between what an animal has 
become used to over a long period of time 
and what is suddenly imposed on him is likely 
to produce serious emotional disturbance, and 
this m turn may cause a deficit m perform- 
ance The impoitance of such a factor has 
been particularly stressed by Fuller and Clark 
(1966a, 1966b), who have referred to it as 
the “postisolation” syndrome In one experi- 
ment they weie able to show that the trauma 
of emergence could be reduced by means of 
a tranquilizer — chloropromazme — and this re- 
sulted m a smaller deficit m performance 
Similarly, m a second study they found that 
approach and contactual behavior to objects 
and other dogs following a period of isola- 
tion could be aided by supplying some pre- 
test familiarization with the testing space 
In the opinion of the writers, it is quite 
likely that postisolation depression is of im- 
portance But it perhaps should not be 
regarded as an exclusive alternative to the fac- 
tor of perceptual-motor experience, nor, in- 
deed, is it probably as critical as the latter. 


In the McGill studies both with dogs and 
rats, pretraining procedures prior to many of 
the tests used guaranteed that emotionality 
was a very minor factoi m determining scoies 
And it seems improbable that the emotional 
trauma of being taken out of isolation could 
be long enough or intense enough to produce 
by itself large and inevitable losses in intelli- 
gence and other functions Nonetheless, 
Fuller and Clark have done a useful service 
m drawing the attention of researchers to the 
postisolation syndrome It is certainly an 
effect that must be reckoned with m any 
early isolation study 

Early Social Influences 

One of the most important types of early 
environmental influence relates to the social 
interactions that occur between a young or- 
ganism and its parents, peers, or others close 
to it physically In psychology, Freud was one 
of the first to suggest that the patterns that 
were set up m early childhood could become 
piototypic of all later social behavior and 
attitudes His specific formulations were 
couched in rather ovei dramatic and literary 
terms but there is no gainsaying the validity 
of the general point In biology, Charles Dar- 
win came to regard emotional expression and 
its role in animal communication as having a 
prominent role m determining the course of 
evolutionary change Subsequently, a great 
many workers m the biological area, particu- 
larly those concerned with ecology, have con- 
cerned themselves with trying to specify the 
dimensions of social behavior that contribute 
to population parameters and the dependence 
of these on genotype and environment 

In the present context, however, this orien- 
tation is of less relevance What we wish to 
discuss here relates not so much to group 
characteristics, but lather to the nature of 
social interactions between individuals and 
how these are influenced by the encounters 
one animal has with another early m life 
Since the volume of work done is enormous, 
we shall consider only three particular lines 
of work as reasonably lepresentative of this 
focus (1) the work on imprinting, especially 
in avian species, (2) socialization piocesses 
m the dog, and (3) affectional systems m 
primates We shall leview briefly each of 
these areas and also discuss spme selected 
studies that seem to be of importance 
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Imprinting The extensive work in this area 
has been reviewed by Sluckm ( 1964) and by 
Bateson (1966) It has been known since the 
nineteenth century and probably well before 
that very shortly after hatch, young birds 
will lespond positively to diffeient objects 
in the envuonment and as a result may show 
to these strong and relatively peimanent at- 
tachment behavioi The peison most respon- 
sible for putting into a formal theoretical 
context what had previously been simply an in- 
teresting bit of natural histoiy was Konrad 
Loienz (1935) He emphasized the following 
aspects of imprinting ( 1 ) the critical period 
during which it can occui, (2) its u reversi- 
bility, (3) its species characteristics m re- 
spect to the kinds of stimuli and response pat- 
terns it involves Much of the woik done on 
the subject has been directed toward exploi- 
mg one or other of these problems What has 
become moie and moie clear is that the 
phenomenon is a general one that piobably 
takes m a great diversity of apparently dis- 
tinct types of early learnings, including, for 
example, attachment to territories and food 
objects (Hess, 1964, Bateson, 1966) In ad- 
dition, it seems likely that taken bioadly it 
also occurs in species other than piecocial 
birds, for example, some mammals such as 
goats and sheep (Scott, 1945, Smith et al , 
1966, Cairns and Johnson, 1966, Cairns, 
1966a), perhaps some of the camdae (Scott 
and Fuller, 1965), and possibly primates 
(Sackett et al , 1965) 

From the standpoint of the early expen- 
ence framework, the important feature of the 
phenomenon of impnnting lies m the fact 
that it represents a case of long-term social 
attachment set up during a shoit (and pei- 
haps critical) penod during development In 
lower animals at least, such an attachment is 
usually defined m terms of a stronger follow- 
ing response to the sunogate as against 
weaker following of a neutral object, or a 
simple preference of the former over the latter 
(Bateson, 1966) 

Besides these, othei measures can be used 
to indicate attachment For example, avoid- 
ance of unfamihai objects is stronger m birds 
imprinted on a particular surrogate (Jaynes, 
1956, Guiton, 1959), likewise, distress call- 
ing often occurs m the temporary absence of 
the imprinted object and the general resis- 
tance of the animal to stress seems to be 


greater (Thompson and O’Kieffe, 1962) It 
has been shown that the surrogate can quite 
readily function as a reinfoicing stimulus m 
a maze-learning (Campbell and Pickleman, 
1961) or bar-piessmg situations (Peterson, 
1960, Hoffman et al , 1966a, 1966b) Finally, 
there is limited evidence that imprinting in- 
fluences mate-choice m the direction of choos- 
ing animals like the imprinted object, as well 
as promoting flocking and general social be- 
havior later m life, although the conditions 
undei which this occurs may be rather par- 
ticularized (Bateson, 1966) When such a re- 
lationship does obtain, it is possible that it 
may have important evolutionary conse- 
quences, and some workers (eg, Mamaidi et 
al , 1965) have constructed models relating 
polymoiphism and eventual speciation to 
mate-preferences arising from early imprint- 
ing Data relevant to this hypothetical rela- 
tion have been gathered by Cooke (unpub- 
lished manuscript, 1968) on the blue goose 
and the snow goose 

As indicated previously, the precocity and 
rapid development of the species usually in- 
volved m imprinting studies have tended to 
give to the phenomenon a quality of special 
mystery and drama that may make it seem 
to have a narrower application than it leally 
does For whatever reasons, most young ani- 
mals probably become attached to and prefer 
those social objects to which they are first 
exposed, and indeed it does not strain credi- 
bility to suppose, as both Gray (1958) and 
Bowlby (1958) have suggested, that this ap- 
plies as much in the case of children as m 
birds and lower species Certainly, the con- 
sequences of making and breaking of eaily 
social attachments have been explicitly the 
concern of much of classical psychoanalytic 
theory and its more modern offshoots This 
point will be taken up again m the section 
dealing with studies on childien 

We may next ask what happens when so- 
cial attachment or imprinting does not have 
the opportunity to occur early m life? Some of 
the more important work in this problem has 
been carried out with dogs and monkeys Let 
us now consider a sample of these researches 

Social Isolation m Dogs Dui mg the late 
1940s, a program of work was set up at the 
Jackson Laboratory, Bar Harbor, Mame, to 
study the genetics and social behavior of the 
dog A book of this title summarizing almost 
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20 years of work has been published (Scott 
and Fuller, 1965) One of the most interest- 
ing lines of research carried out was con- 
cerned with the socialization process Several 
studies may be cited here as representative 
The first (Elliot and Scott, 1961) con- 
cerned itself with the immediate effects on 
puppies of isolation from the mother De- 
pendent variables measured were activity 
level and amount of vocalization Besides 
isolation itself, a major independent variable 
was age Results are summarized m Fig 12 
They show quite clearly that, m terms of the 
behavioral indices used, emotional upset is 
maximal around 6 to 8 weeks of age This 
presumably indicates that social attachment 
to the mother is strongest around this age in 
the puppy Hence Scott (1962) and Scott 
and Fuller (1965) have referred to the time 
between about 4 to 14 weeks as the socializa- 
tion period It is also true, however, that it 
seems to be a time when affective relations 
with any part of the environment — animate 
or inanimate — may be formed and when a 
puppy is likely to show the greatest emotional 
response to any unusual or disturbing stimu- 
lus (Fox and Stelzner, 1966) Consequently, 
we should perhaps be careful not to cate- 
gorize it m too narrow terms 

If it is true that the formation of social 
attachments is one of the more important 
processes going on in the 4 to 14-week-old 
puppy, we might then guess that isolation 
during this time would have drastic effects on 
later social behavior This indeed seems to 
be true Pfaffenberger and Scott (1959) 
studied the reasons for failure in animals be- 
ing trained as guide-dogs for the blind One 
of the most critical factors turned out to be a 
pi oti acted period during early life involving 
minimal human contact For accidental 
reasons, some dogs were kept m the school foi 
some weeks beyond the end of the socializa- 
tion period (l e , around 12 to 14 weeks) be- 
fore being farmed out to homes These ani- 
mals tended to perform poorly m the criterion 
tests Similaily, Freedman, King, and Elliot 
(1961) found that the extent to which a dog 
would make social contact with another dog 
or with a human being was directly propor- 
tional to the amount of social contact it had 
been permitted with them between 4 and 14 
weeks According to the authors, animals iso- 
lated between these ages were never able to 
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Fig 12 (a) Vocalization m puppies as a func- 

tion of familiarity or nonfamihanty of environ- 
ment and age (b) Activity scores at different 
ages as a function of the same two variables In 
both cases, note peaking at 6 to 10 weeks ( Mod- 
ified from Elliot and Scott, 1961, ) 

develop the ability to socialize normally The 
dimensions of contact have also been ex- 
amined Stanley and Elliot (1962) explored 
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the effects of variations in type of social con- 
tact given to a gioup of basenji puppies be- 
ginning at 6J4 weeks of age Contact with a 
passive person apparently has as large effects 
on later behavior as leceivmg active handling 

Isolation in adulthood does not have the 
same effects At least if it is imposed foi 
lelatively brief penods, it will certainly act as 
a stressor (Scott, 1950), but will probably not 
lesult m an antisocial or asocial animal How- 
ever, the effects of diastic long-term restric- 
tion m adults of highei mammals have not 
been fully explored 

The major point emerging from the dog 
studies is that the opportunity to have social 
contacts between 4 and 14 weeks is very im- 
portant to the development of a mature ani- 
mal This conclusion agiees with those ob- 
tained by Melzack and Thompson (1956), to 
which we have already referred These in- 
vestigators imposed severe restrictions on dogs 
for the first 10 months of life One of the 
dimensions affected by this tieatment was 
social behavior The Bar Harbor studies, how- 
ever go a long way to delimiting the age 
range of specific conditions that are relevant 
to social behavioi m particular 

Affectional Systems m Monkeys In the late 
1950s, H F Harlow at the Wisconsin Private 
Laboratory initiated a series of studies m a 
curiously neglected topic m psychology — the 
nature of love He has defined five so-called 
affectional systems (1) the infant-mother 
system, (2) the infant-infant system, (3) the 
heterosexual or adult male-female system, (4) 
the maternal or mother-infant system, (5) the 
paternal or father-infant system (Harlow et 
al , 1963) All of these appear to be affected 
by eaily social restriction such as is involved 
especially m surrogate -1 earing For example, 
females which have been raised in this man- 
ner turn out to be exceedingly difficult to 
breed even with the most experienced males 
(Harlow, 1965), and those that are bred and 
produce young make exceptionally poor 
mothers Harlow et al (1963, pp 275-276) 
write of the behavior of unmotheied mothers 
as follows 

All five females were totally hopeless moth- 
ers, and none of the infants would have sur- 
vived without artificial feeding m the first 
days or weeks of life Two mothers were es- 
sentially wdiffeient to their infants, three 


were violently abusive Indeed, the last infant 
was separated when it became appaient that 
otherwise it would not live The maternal in- 
adequacies of these animals cannot be at- 
tributed to faulty lespondmg bv the babies 
Early m life the babies repeatedly offered 
visual a$d auditory cues normally appropriate 
for creating maternal responses, and as far as 
the first foui infants were physically able to 
initiate approach and body-contact responses, 
they made repeated attempts to attach to the 
mothers, only to be repulsed and i ejected So 
strong were these contact-seeking responses 
m two mfants that they withstood brutal and 
continuous abuse by the mothers until they 
attained the breast for leasonable penods of 
time 

Temporary separations of short duration 
can also have effects on behavioi and these 
appear to be similai to those found m human 
children Jensen and Tolman (1962), Seay 
et al (1962), and Seay and Harlow (1965) 
used various lengths and degiees of separa- 
tion They demonstiated increases, on the 
part of the mfants, m "crying,” self-directed 
mouthing, depression, and general lethargy 
Hinde et al (1966) and Kaufman and Rosen- 
blum (1968) have verified and supplemented 
these mam lesults The lattei two authors 
have usefully summanzed the primate work 
on the problem and pointed up the similari- 
ties between such observations with monkeys 
and those with children It is of interest to 
note, in this connection, that leaung monkeys 
with humans pioduces animals that piefer the 
company of human beings to other monkeys 
when given a choice at 2 to 3 years of age 
Animals leaied m isolation or with both 
humans and monkeys turn out to prefer 
monkeys (Sackett et al , 1965), 

It is still unceitam how long or how severe 
social isolation must be to pioduce effects 
Three months of social depnvation produces 
initially "severe depression” and heightened 
"self-directed” activities but apparently does 
not gieatlv affect social responses (Gnffin and 
Harlow, 1966) On the other hand, social po- 
tentialities are effectively destroyed if isola- 
tion lasts as long as 6 to 12 months after birth 
(Harlow, 1965) As a result of such a pro- 
longed period of social restriction, a monkey 
appears to become almost totally autistic and 
incapable of orienting appropriately to an- 
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other animal whatever its sex or age It is dif- 
ficult to know exactly what are the most cnti- 
cal aspects of the isolation experience that 
produce such results At least in the case of 
monkeys, physical contact between animals 
must be an important dimension It does ap- 
pear to be true that social and sensory dep- 
rivation tends to reduce the extent to which 
contacting behavior is initiated That is to say, 
isolation pioduces monkeys that dislike touch- 
ing another monkey Since social behavior in 
this species involves a very heavy component 
of physical contact, it is therefore markedly 
distorted (Sackett, 1967) 

The manner m which such a vanable oper- 
ates in othei species is not known It seems 
likely it is most important m the case of 
human beings However, as with general en- 
vironmental restriction, more woik will be 
needed to locate the variables most cntically 
implicated For the time being, however, we 
must be content with the well-documented 
empirical evidence that social behavior m all 
its various forms, and in a variety of species, 
depends on the social attachments that are set 
up early m life 

HUMAN STUDIES 

We have broken down our review of 
postnatal early experience studies m human 
beings according to a division similar to that 
used in our discussion of the animal woik 
However, as we have already indicated m our 
brief review of methods, the relevant experi- 
ential variables m humans tend to be lather 
broad ones that do not easily lend themselves 
to neat categorization Thus “institutionaliza- 
tion" or “ nursery school attendance" must in- 
corporate many of the kinds of influence that 
we have been able to consider separately 
when dealing with the animal work As a 
result, the recurrence of these variables across 
sections may give the appearance of redun- 
dancy This is unfortunate but seems to be 
preferable to collapsing distinctions which the 
work done with animals suggests are of great 
importance 

General Massive Stimulation 

Institutionalization and Stimulation, Chil- 
dren living m institutions have had an un- 
believably high mortality rate, which has 
decreased only recently Of 10,272 children 


admitted to the Dublm foundling home be- 
tween 1775 and 1800, 45 survived (Kessen, 
1965) At the beginning of this century one of 
the major foundling homes m Germany had a 
mortality rate of 71 5% m infants during then 
first year of life (Spitz, 1945) By the 1930s 
the situation had improved sufficiently that 
the death rate among institutionalized chil- 
dren compared favorably with that of nonin- 
stitutionalized children At this time, howevei, 
a new problem came into focus Investigatois 
began to report that among children i eared 
in an institutional setting the incidence of 
psychological distuibance was alarmingly 
high (Durfee and Wolf, 1933, Lowrey, 1940, 
Bender and Yamell, 1941, Bakwm, 1949) 
Two factors were generally deemed lesponsi- 
ble for the observed psychological abnormali- 
ties — lack of stimulation and absence of the 
mother 

The first large-scale study of institution in- 
fants less than 1 year old was undertaken by 
Spitz (1945) He compared the development 
m the first year of life of infants raised m two 
different kinds of institutions The one, 
Nursery , was for the children of delinquent 
girls who were m a penal institution, the 
othei, Foundling Home , was for childien 
whose mothers could not support them In 
Nurseiy the occupants were piovided with 
toys, could see all that was going on aiound 
them fiom their cribs, and weie fed, nursed, 
and cared for by their own mothers or by full- 
time mother substitutes Children m Foundling 
Home, on the other hand, had few toys and 
could see little of the world around them be- 
cause sheets weie regularly hung over the 
foot and side railings of their cots They in- 
teracted with other people only at feeding 
time, when busy nurses came to look after 
their needs They lay supine m their cots for 
so many months that hollows weie worn into 
their matti esses and, by the time they were 
physically able to turn themselves in their cots 
(about 7 months of age), these hollows pre- 
vented them from doing so Thus, at the age 
of 10 or 12 months, they were observed lying 
only on their backs and playing with the only 
toys they had — their hands and feet 

When he compared the Developmental 
Quotient scores (Hetzer and Wolf, 1928) of 
the two sets of infants, Spitz found a large dif- 
ference, There was a dramatic reduction m 
score between the fiist and last third of the 
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first year of life for Foundling Home infants 
On the other hand, the comparable scores of 
Nuisery infants and of two control gioups of 
nonmstitutionahzed infants remained approxi- 
mately the same Founding Home childien 
also showed a marked reduction over the year 
in “Body Mastery” scores as compared to 
scores of Nursery children Apart from severe 
developmental retardation, Spitz also noted 
unusual reactions to strangers by Foundling 
Home children m the last third of their first 
year of life, ranging from extreme friendliness 
to blood-curdling screams In addition, they 
were extiemely susceptible to infection and 
illness of any kind, despite what Spitz reports 
as impeccable hygiene and precautions 
against infection in the home During Spitz' 
stay an epidemic of measles struck the institu- 
tion, leaving a staggering numbei of the chil- 
dren dead 

A follow-up two years later (Spitz, 1946) 
levealed continuing large developmental dif- 
ferences between Foundling Home and Nui- 
sery children Although conditions m Found- 
ling home had been greatly improved — the 
childien had been moved into a large, sunny 
100 m wheie they interacted with each other 
and with nurses who were constantly in at- 
tendance — the 21 whom Spitz was able to 
study were retarded m physical development, 
toilet training, speech, and ability to feed and 
dress themselves Thus the unfortunate condi- 
tions under which they had lived for then 
first year of life seemed to have had irreversi- 
ble effects on their subsequent development 
The children m Nursery generally left the 
institution when they weie 1 vear old, but 
Spitz was able to observe a few who were 
theie between 13 and 18 months of age Then 
development was quite adequate and, m fact, 
m most cases the Developmental Quotient sur- 
passed the normal age level During the 3 >4 
yeais in which Spitz had contact with Nursery 
not a single child died 

The effects of institutionalization which 
Spitz found m Foundling Home children could 
well be attributed to a lack of general en- 
vironmental stimulation Spitz chose, how- 
ever, to maintain that the children suffered 
because their perceptual world was lacking m 
human contact — that of either a mother or a 
mother-substitute He argued that 4 perception 
is a function of libidmal cathexis and there- 
fore the result of the intervention of an emo- 


tion of one kind or another” (1945, p 67), 
and it is only through the intei vention of a 
mothei that emotions are provided for a child 
The children m the Nursery experienced an 
adequate mother-child lelationship It was, m 
fact, an exaggeiated one Since many of the 
oppoitumties these motheis might have had 
for social contact weie obviously denied them 
m the penal setting, they focused even more 
of their emotional attachments on their 
babies They were m constant competition 
with othei Nuisery mothers as to who had the 
best baby and were intensely jealous of any 
attention others gave to their infant It may 
be that this intensified caie given to Nursery 
children produced the accelerated develop- 
ment which Spitz noted m his follow-up 

Spitz was not alone m attributing the detri- 
mental effects of institutionalization to ma- 
ternal deprivation As we have indicated 
earlier, Ribble (1944) maintained that the 
newborn child ui gently needs a long and 
constant period of psychological mothering, 
by its own mother or a single mother substi- 
tute, to counteract biological anxiety and 
maintain body integration while the nervous 
system is matunng Babies deprived of moth- 
ering, she reported, develop maiasmus, a con- 
dition of physical debilitation Marasmic chil- 
dren also display a form of either negativistic 
excitement or regressive quiescence When 
given care and massage by a “fostei mothei” 
these childien show a remarkable recovery, 
with restored appetite, alertness, and leflex 
excitability 

The severe retardation of infants m institu- 
tions is still being documented (Provence and 
Lipton, 1962) In studying the occupants of a 
nursery where there was minimal contact be- 
tween caretakers and children and lack of in- 
dividualized care these investigators noted 
substantial impairment in social responsive- 
ness, language development, body awaieness, 
and pam avoidance They found a large dis- 
crepancy between maturation of the motor 
apparatus and its use by the infant, a diffi- 
culty m modulating motor impulses to pro- 
duce smooth movements, and a diminished 
impulse to reach out toward people and ob- 
jects Again, they attribute much of this re- 
tardation to lack of continuous care by a 
mother figure 

Goldfarb (1945a, 1945b, 1947, 1949) com- 
pared the development of childien who had 
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lived m an institution up to the age o£ 3, at 
which time they had been placed m a foster 
home, with that of children who had been 
placed in a foster home before age I All the 
children had been separated from their 
mothers before they were 9 months old The 
30 children whom Goldfarb studied most in- 
tensively ranged m age fiom 10 to 14 years, 
and all were living with foster parents at the 
time of his investigation The institution m 
which half of these children had lived for 
the first 3 years of their lives was very similai 
to Spitz* Foundling Home Although it was 
immaculate in physical hygiene, it involved 
for the children almost complete social and 
sensory isolation dui mg the first year of their 
lives They were cared for by a number of 
staff members with frequent personnel changes 
both during the course of a day and over a 
period of months Thus they lacked any op- 
portunity for intense and continuous contact 
with a specific adult Conditions m the institu- 
tion during the next 2 years of these children’s 
lives were only slightly better These children, 
as compared with the 15 who had had im- 
mediate placement m a foster home after 
separation from their mothers, were deficient 
in intelligence, ability to conceptualize, and 
speech development They were also restless, 
less able to concentrate, and poorer m school 
achievement They were unpopular, socially 
immature, aggressive, and insatiable for affec- 
tion, although unable to form any genuine at- 
tachment An inability to adhere to rules or 
to display any sign of guilt after deviation 
completed a pictuie remarkably like that 
painted by Bendei (1947) m her description 
of the so-called “psychopathic behavior dis- 
order m childhood ” These emotional and in- 
tellectual consequences were blamed by Gold- 
farb on the lack of mothering during the fiist 
thiee years of life In spite of the fact that the 
foster homes to which both groups of chil- 
dien had been assigned were equivalent in 
the environments they provided, the differ- 
ences existed Goldfarb thus concluded that 
the eaily effects of institutionalization were 
irreveisible 

Retrospective studies of adopted children 
continue to suggest that maternal separation 
early in life may have lasting negative effects 
It appears that a greater proportion of 
adopted children are being treated for emo- 
tional disturbance than one would expect 


from their incidence m the general popula- 
tion (Bostock, 1961) Those with emotional 
problems display impulsivity, hostility, de- 
linquency, and other aggressive symptoms 
Menlove (1965) found the incidence of hy- 
peractivity, hostility, and negativism to be 
greater among a group of adopted than non- 
adopted childien 

In a report prepared on behalf of the 
Woild Health Organization, Bowlby (1952), 
citing an extensive list of studies including his 
own (Bowlby, 1940, 1944), concluded that 
when a child is deprived of maternal care his 
physical, intellectual, and social development 
is almost always retarded In addition, Bowlby 
indicated that the effects of early depnvation 
are permanent “This is a sombre conclusion 
which must now be regarded as established” 
(p 15) It appeared to Bowlby that maternal 
deprivation before the age of 6 months was 
less detrimental than that occurring later But 
lack of opportunity during the first 3 years of 
life for the formation of attachment to a 
mother-figure, deprivation of a mother-figure 
for a limited penod of time, or changes fiom 
one mother-figure to another during the same 
period of time were all experiences, he felt, 
which would produce the affectionless and 
psychopathic chaiacter so many investigators 
had described Beyond the age of 3, Bowlby 
suggested, a child becomes more able to toler- 
ate maternal absence for a few days or weeks 
at a time, and, by age 7 oi 8, of a year or 
more 

Criticism of the Early Studies In spite of 
the large volume of work pointing to the 
negative consequences of a lack of early 
mothering, the findings and conclusions have 
not gone unchallenged The methodological 
adequacy of many of the studies has been 
questioned, studies which suggest that not all 
children are adversely affected by institu- 
tionalization have been reported, and rein- 
terpretations of the data have been made We 
shall deal with each of these m turn 

Methodological Criticisms , The work of 
Ribble and Spitz has come under extensive 
fife by Pinneau (1950, 1955) In a 1950 
Child Development article Pinneau cnticized 
Ribble for her assumptions that m infancy 
there is a tendency to functional disorganiza- 
tion and that psychological mothering is 
needed for normal development The evi- 
dence shows, Pmneau claimed, that the nor- 
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mal infant circulatoiy system is fully adequate 
to meet the demands placed on it, that han- 
dling is not necessary for the majority of babies 
to help them breathe propeily, and that the 
sensitivity of the infant’s digestive system is 
not due to a lack of motheimg In concluding 
that marasmus is not due to lack of mother- 
ing Pmneau regretted, along with others (eg, 
Orlansky, 1949), that Ribble had not diawn a 
line between her empirical findings and her 
personal opinions At the same time, though 
it may be true that data on the physiological 
make-up of infant systems does not com- 
pletely favor Ribble’s position, it does not 
favor Pmneau’s either (see Wolstenholme and 
O’Connoi, 1961) 

Pmneau s criticism of Spitz (Pmneau, 
1955) included cuticism of Spitz' failure to 
state whether or not there were congenital 
abnoimalities m Foundling Home children 
which might have accounted for their de- 
velopmental retaidation Spitz also failed to 
pay attention to possible differences between 
the mothers of the two gioups of children 
which might, at least paitially, have caused 
the differences m the children These included 
factors such as the mothers’ intellectual and 
socioeconomic backgrounds and conditions of 
health In addition, Pmneau pointed to the 
questionable validity of the Hetzer-Wolf baby 
tests which Spitz had employed and to their 
lack of predictive ability for later perform- 
ance 

Spitz lost many of the children m his 
sample through outplacement It seems evi- 
dent that these would be the moie desirable 
ones, and that hence onlv the less well-de- 
veloped children would be left behind for 
him to studv Again, one wonders if the high 
mortality rate among foundling home children 
was due to maternal deprivation or, lather, if 
it was because these infants were more sus- 
ceptible, because of their mactivitv, to such 
problems as respnatory infection 

Children who are committed to institutions 
do not constitute a random sample from the 
general population For that leason the results 
of institutionalization studies cannot be gen- 
eralized to the general population It seems 
possible that a high proportion of motheis 
who give up their children to institutions are 
likely to be from a lc ver socioeconomic class, 
unwed or deserted by their husbands We 
might then expect their offspring to have a 


poorer genetic gackground than that of chil- 
dren i eared m a home If a mothei gives up 
her child the chances seem great that her 
piegnancy was unwanted and that she was 
anxious and tense duiing it It is also likely 
that she may have leceived less adequate 
medical attention during pregnancy than do 
mothers of wanted children and that she may 
have had a more difficult birth with resultant 
damage to her child All these factors, as we 
have noted m a previous section, may pro- 
duce serious — although undiagnosed — psy- 
chological and physical disturbances m the 
child befoie he is evei placed m an institu- 
tion Bram-damaged children suffer more 
from isolation than do normal childien (Ben- 
der, 1950) Hence we would expect a quite 
different reaction to the social and sensory 
isolation of an institution from damaged chil- 
dren, who may constitute a large percentage 
of its population, than from normal children 
Goldfarb’s studies have also come under 
critical attack (eg, O’Connor, 1956, Casler, 
1961) Perhaps the most important criticism 
is that his two gioups of childien may well 
not have been matched for every variable ex- 
cept the incidence of institutionalization 
Goldfaib is careful to show that the foster 
homes m which his children had spent the 
greatei part of their lives were identical and 
that, in fact, the true mothers of the institu- 
tion children weie superior to those of the 
noninstitution ones Unanswered, however, is 
the question of why 15 of the children had 
spent the first 3 years of their lives m an 
institution Was there something wrong with 
them that they had not been placed m foster 
homes soon after separation from their moth- 
ers? How did they differ from the children 
who did go almost immediately into foster 
homes, and what made them less desirable for 
this kind of placement' 1 

Contradictory Data Not eveiy observei 
found the oveiwhelmmgly negative effects of 
institutionalization described by Bowlby m 
his WHO report Nor were others so pessi- 
mistic about the eventual fate of children who 
were iai$ed m foundling homes In a follow- 
up study of 60 children who had been ad- 
mitted to a tuberculosis sanitarium before 
they were 4 years old, Bowlby, Ainsworth, 
Boston, and Rosenbluth (1956) were forced 
to conclude that the case against maternal 
deprivation had been overstated These chil- 
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dien, aged 6 to 14 yeais at the time of the 
study, had spent varying amounts of time m 
the samtaiium, ranging fiom a few months to 
over 2 years Compaied to a matched conti ol 
group of school classmates they did not show 
any i eduction m intellectual functioning It 
was true that, according to the examiners 
judgment, fewei of the institutionalized than 
the conti ol children could respond well m the 
test situation and, accoidmg to teacheis, they 
displayed more withdrawal and apathy, lough 
behavior and temper On the other hand, few 
of the samtaiium children weie delinquent 
and over half of them were capable of estab- 
lishing good social relationships with then 
peers Thus Bowlby et al stated that the be- 
lief which they had had to that point, that 
institutionalization and privation commonly 
lead to the development of psychopathy and 
affectionless characters, was mcoirect 

In a study of six orphaned children who 
had spent most of their lives m a concentra- 
tion camp, Freud and Dann (1951) found 
that, at the age of 3, these childien weie not 
delinquent, deficient, nor psychotic, nor was 
their ability to form emotional relationships 
and attachments, at least for each other, im- 
paired Similarly, Freud and Burhngham 
(1944) noted that children m their nuisery 
often developed better than m the average 
household Rhemgold (1956) found that the 
aveiage intellectual level of institution infants 
she studied was within normal limits on the 
Cattell scale, a report m striking contrast to 
those noting a severe reduction m intellectual 
functioning among orphanage children In 
a later study Rhemgold and Bailey (1959) 
report that these same children weie friendly, 
intelligent, and m no way emotionally oi 
mentally retarded And, finally, m a study of 
another gioup of “depnved” infants, Rhem- 
gold (1961) states that they were as inter- 
ested and competent as home-reared control 
infants and even more positively responsive to 
the examiner than the control children 

In a study of children raised m a foundling 
home ("the Creche”) in Beirut, Dennis and 
Najanan (1957) did find these children ex- 
hibited some intellectual retardation but 
found no evidence that this retardation was 
irreversible A ratio of one attendant to ten 
children meant that children m the Creche re- 
ceived little more than the essentials of physi- 
cal caie They were not held while they were 


being fed, but, instead, weie given a bottle 
propped on a small pillow from which they 
drank as they lay on then backs The infants 
weie swaddled — a Near Eastern practice — 
until they were 4 months old so that then 
opportunity foi activity m arms and legs was 
seveiely lestncted The cubs m which thev 
lived were coveied aiound the sides, as m 
Spitz’ Foundling Home Compared to children 
laised in homes m Beirut these babies, aftei 3 
months of age, were significantly lower m in- 
telligence as measured by a modified Cattell 
infant scale Howevei, childien m the same 
institution who were between 4^ and 6 years 
of age were not letaided m then peiformance 
on the Goodenough draw-a-man test, the 
Knox cube test, oi the Porteus mazes when 
compaied to American norms Since the older 
children had leceived the same kind of care 
as the infants Dennis and Najanan measured, 
and the home’s admission lequirements had 
not changed, we can only assume that what- 
ever experiences the infants had missed m 
infancy were made up at a later date Hence, 
at least the effects of institutionalization on in- 
tellectual development appear reversible 
Moreover, since Creche infants had never 
had then mothers with them, the retardation 
which Dennis and Najanan observed could 
not have been due to a bieak with the 
mother Spitz’ suggestion that this was the 
reason his Foundling Home infants were re- 
tarded is therefore questionable 

The fact that a number of investigators 
have not discovered negative effects m all 
children raised in institutions, m spite of the 
fact that they had all suffered maternal depri- 
vation , means that other explanations for these 
effects, wheie they occur, must be sought A 
likely explanation lies m the suggestion that 
children m institutions suffer from perceptual 
deprivation and restriction of learning oppor- 
tunities 

Alternative Explanations Dennis and Na- 
jarian suggest that Creche infants performed 
as poorly as they did on the Cattell infant 
scale because they had been deprived of 
noimal opportunities for learning, which most 
children reared m family homes have had 
Items measuring intellectual development be- 
tween the ages of 3 and 12 months require an 
infant to sit on an adult lap, and this was a 
luxury to which Creche infants were unac- 
customed They were unable to hold their 
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heads erect and steady and had had no op- 
portunity to piactice manual skills directed by 
vision, which aie necessary for performance 
on the Cattell test Once given the opportuni- 
ties for learning which they had missed, these 
children should have pei formed as well as 
any nomnstitutionalized infants and, indeed, 
by the age of 5 or so they appeared to do just 
this 

Clearly, an environment lacking variety m 
material surroundings, and m which there is 
minimal opportunity for interaction with care- 
takeis, is going to be deficient m learning 
opportunities We would expect its inhabi- 
tants to be retarded intellectually, in motor 
and language development, and m many social 
skills These deficits we shall discuss later 
when we deal with the effect of qualitative 
alteiations m an organism’s environment The 
data previously presented, however, on the 
effects of geneial, massive stimulation on ani- 
mal development do suggest that much re- 
tardation in orphanage children is due to a 
lack of general stimulation The variables of 
handling, shocking, stiess, and so forth, which 
have been discussed sound very much like 
the ‘stimulus feeding” Ribble suggests moth- 
ers provide when they stroke, hold, rock, and 
move m front of their infants Motheis, m the 
course of daily care of their children, provide 
a great deal of stimulus feeding But much of 
the kinesthetic and tactile stimulation to 
which home-reared children are exposed con- 
tinuously may be denied to institution chil- 
dren, who spend so much time unhandled and 
lying m their cnbs Home-i eared children are 
not generally left alone m cribs diaped with 
sheets They are given extensive auditory and 
visual stimulation in the course of being ex- 
posed to the activity going on around them 
That the opportunities for this stimulation are 
generally mediated by a mother figure, how- 
ever, does not mean that her absence will be 
detrimental to all forms of development Pro- 
vided that a child receives this perceptual 
stimulation, be it from a number of different 
caretakers or through inanimate means, he 
should suffer less than a child totally de- 
prived 

The function of perceptual stimulation and 
the mechanisms through which it influences 
development have already been noted 
Clearly, all that has been suggested m refer- 
ence to the animal studies is relevant to the 


human data as well In brief, one of the im- 
portant functions of general stimulation may 
be to produce habituation m the young or- 
ganism, that is, a tendency to be less aroused 
01 more easily aioused by stimulus change 
A child deprived of adequate amounts of 
stimulation may never show normal general 
reactivity to his environment His general 
responsiveness to any alteration in stimulus 
conditions may be no different from what it 
would have been had there been no expo- 
sure to early stimulation Thus he might be 
characterized by the adjectives nervous, 
phlegmatic, jumpy, emotional, docile — ad- 
jectives which might easily be applied to 
children in institutions In addition, if chil- 
dren are not habituated to stimuli which elicit 
startle, defense, and emotional behavior, it is 
quite probable that their early learning ex- 
periences will be interfered with by these 
competing unlearned emotional behaviors 

It has been suggested (eg, Thompson, 
1958, 1960, Caslei, 1961) that the ill ef- 
fects that have been attributed to maternal 
deprivation during the first 6 months of life 
are, m fact, due to perceptual deprivation 
while those occuirmg after 6 months are due 
to perceptual deprivation and the affective 
compontents that accompany the bieakmg of 
an established emotional bond between 
mother and child (We should also add to 
this the ill effects of never having foimed 
an emotional attachment to a mother figure) 
The cutoff age of 6 months is by no means 
an arbitral y one Bowlbv (1958) notes that 
childien who aie separated from their mothers 
after this age fret, but those that are sep- 
arated before do not Spitz (1946) has sug- 
gested that it is not until the age of 6 months 
that the aveiage infant is able to discriminate 
between his mother and other human bemgs 
Thus we would not expect him to be upset be- 
foie that time at any attempt to replace her In 
a study of 76 babies admitted to hospital, and 
thereby sepaiated from their mothers Schaffer 
and Callender (1959) found that those 6 
months of age or less did not protest and read- 
ily accepted mother substitutes Those 7 
months or older, however, were disturbed at 
the separation 

Schaffer (1958) further reports the exis- 
tence of two posthospitalization syndromes 
m these infants — a “global” and an “overde- 
pendent” syndrome The global pattern of 
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behavior occurred mainly in infants who weie 
under 7 months of age, whereas the overde- 
pendent was commonly found m those over 7 
months When these children returned home 
from the hospital, mothers of the younger in- 
fants reported that they exhibited an extreme 
preoccupation with the environment For a 
lengthy period of time the child would en- 
gage in an unfocused inspection of his sur- 
roundings, larely engaging m any other be- 
havior such as vocalization or playmg with 
toys During this time the child was quite 
uniesponsive to any person around him 
Schaffer reports that some of the childien also 
experienced somatic upset, m the form of 
feeding and sleep disturbances Children who 
displayed the overdependent syndrome pre- 
sented quite a different picture of behavior, 
with excessive clinging to their mothers and 
crying when left alone This ovei dependence 
on the maternal figure was further revealed 
m a fear of strangers and the fact that familiar 
figuies were sometimes regarded with suspi- 
cion Thus we have support for the idea that 
eaily maternal-child sepaiation has its effects 
not on the relationship between mother and 
child, but on behaviors which result from 
perceptual deprivation 

It is interesting that Schaffer describes the 
appearance of both syndromes m some chil- 
dren over 7 months of age, again indicating 
that maternal separation may have produced 
m them both peiceptual deprivation and emo- 
tional upset as a function of the disruption 
of an established emotional bond Schaffer 
explains the existence of the global syndrome 
m the following way Piaget (1950) describes 
a level of cognitive development m infancy 
m which self and environment are merged 
Schaffer suggests that under a condition of 
perceptual monotony such as exists m a 
hospital this natural tendency to merge with 
the environment is emphasized When the 
monotony is reduced on the infant’s return 
home the static perceptual field is disrupted 
Such disiuption is stressful and may cause 
somatic upset Formation of a new peiceptual 
field is necessitated and evidence of this is 
seen in the intensity with which the infant 
inspects his suuoundmgs 

Increased Stimulation. So far we have been 
concerned with the absence or, lather, severe 
reduction of geneial stimulation But what if 
infants are subjected to stimulation m excess 


of what they normally receive in the normal 
process of child-reanng? Some cross-cultural 
research is suggestive here (Geber, 1958, 
Geber and Dean, 1957, Whiting and Land- 
auer, 1963) In assessing the development of 
a large number of African children, mainly 
from Uganda, Geber (1958) notes their ex- 
treme precociousness m the psychomotor area 
From the first day after birth the African in- 
fant can keep his head from falling back 
when he is diawn into a sitting position and 
he can hold his back straight In the first days 
of life he can focus his eyes (European in- 
fants are unable to do this until they are 8 
weeks old), and by 6 weeks he can control 
his head, regardless of the position m which 
he is placed At 4 months he can sit alone, at 
8 months stand without support, at 10 months 
walk, and at 11 months use his thumb and 
forefinger accurately to pick up small objects 
At each level he is 2 or 3 months ahead of 
the average development of a European child 
of the same age In addition, Geber notes that 
these children display a lively interest m test 
materials, “talk” to the examiner, and smile 
m excess of what one would expect from their 
European counterparts 
This accelerated development Geber at- 
tributes to the massive stimulation which all 
infants receive from the time of birth A 
Ugandan infant is never left alone by his 
mother but earned on her back, often with 
skm-to-skm contact, wheiever she goes In 
addition, he sleeps with her and is fed on 
demand by her He is stimulated by her at 
her various occupations, hears all her con- 
versations, is the subject of her warm and 
loving affection, and is often offered to otheis 
to hold Geber suggests that the precocity she 
observed is not attributable solely to the ad- 
vanced state of development of these children 
at birth For children raised m the European 
way did not show a similar acceleration m 
development aftei the first month of life 
Moreovei , while most children were suddenly 
and dramatically weaned and often separated 
geographically from their mothers, with an 
accompanying i eduction in social iesponsivi[y 
and liveliness, those who were weaned less 
suddenly maintained their lively behavior 
Landauei and Whiting (1963), having 
noted the effects of stress on physical de- 
velopment shown by studies with animals, 
located a number of societies m the Human 
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Relations Area Files m which vaiious stiessful 
pioceduies were involved m customaiy m- 
fant-reanng practices These procedures in- 
cluded (1) pain, (2) shaping, usually foi 
cosmetic leasons, (3) extreme heat, (4) ex- 
treme cold, (5) admmistiation of emetics oi 
irritants, (6) abrasion, foi example, sci aping 
with shell, (7) intense stimulation such as 
subjecting to loud noises, (8) binding, foi 
example, painful swaddling Adult males 
were, on the aveiage, 2 inches tallei in these 
societies than m societies where early stress 
was not imposed The correlation between 
intensity and fiequency of stress and male 
adult height was + 33 (p < 01) In addi- 
tion, the effects on adult stature seemed to be 
produced maximallv during the first 2 years 
of life 

Gunders (cited by Whiting, 1965) noted 
that m the animal studies on stiess, whenevei 
animals weie stiessed oi stimulated, they 
weie taken away fiom their mothers for a 
vanable period of time Thus she hypothe- 
sized that a crucial factor might be an event 
associated with sepaiation fiom the mothei 
Assessing separation m the first 2 weeks of 
life, based on amount of physical contact with 
the mothei, handling by others, and use of a 
wet nurse, she found a correlation of 53 
(p < 01) between separation and adult male 
height 

Landauer and Whiting did attempt to con- 
trol for genetic, climatic, and nutritional vari- 
ables m their study However, we cannot dis- 
count the possibility that there is no causal 
lelationship between eailv stress and adult 
height It may be that stressful infant-rearing 
piactices tend to occur m societies where 
hardship and stress are generally common 
Thus, although early stress might not increase 
mortality rate, the general hardships of life 
might result in a strong selection against 
small size and physical weakness Perhaps, 
too, early maternal separation, as defined bv 
Gunders, might occur in societies where life 
is generally more difficult 

We do not yet know whether extremely 
massive stimulation, is harmful The animal 
data suggest it ought to be But, so far, no 
researcher has leported the existence of child- 
rearing practices which subject a child to 
stimulation that is too great for optimal de- 
velopment 

Experimental Manipulation of General 


Stimulation. A few attempts have been made 
to test experimentally the notion that early 
perceptual stimulation, m the foim of han- 
dling, locking, and stiokmg, is important foi 
human development Hopper and Pmneau 
(1957) investigated the effects of additional 
stimulation on leguigitation If Ribble was 
coirect m suggesting that stimulus feeding 
deci eases the incidence of gastiomtestmal dis- 
turbance, they reasoned, these effects should 
be levealed m a decrease m leguigitation 
Twenty-one mothers were asked to spend at 
least 10 minutes moie than usual before each 
feeding handling, locking, swinging, lolling 
on the bed, fondling, tickling, and bouncing 
their infants The diveisionary explanation 
given to these mothers was that some experts 
feel such stimulation should be associated 
with an advance m speech development At 
the end of 2 weeks the amount of reguigita- 
tion m the expenmental babies was com- 
pared to that of the 21 conti ols who had not 
leceived the additional handling Accoidmg 
to the mothers' repoits, although regurgita- 
tion was significantly i educed for both groups, 
theie was no statistically significant differ- 
ence as a function of the extra stimulation 
Although the mothers supplied Hopper and 
Pmneau with data on incidence of vocaliza- 
tion, these are not reported 
More piomismg results have been obtained 
bv Ourth and Brown (1961), White and 
Castle (1964), and Caslei (1965) Ourth 
and Brown conducted their study in a hospi- 
tal nursery with newboin infants The 20 
neonates m the expenmental group were pro- 
vided with extra handling at feeding time by 
either then mothers, the experimenter, or a 
nurse This consisted of 60 minutes of firm 
support, fetal positioning, and mild, rhythmic 
stimulation, and was carried out, on the aver- 
age, for 4J4 days The expenmental gioup, 
compaied to a conti ol group receiving routine 
care stnpped of all unessential attention, cned 
less both immediately befoie and during feed- 
ing sessions A somewhat inelegant feature of 
the design, however, was that all the experi- 
mental infants were breast fed while all the 
conti ols were bottle fed Thus we might con- 
clude not that extia handling reduces upset 
but that infants who are breast fed ciy less 
than those who aie bottle fed Ourth and 
Brown suggest the infants m their control 
group were disturbed because of a sudden re- 
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duction m stimulation to which they had be- 
come accustomed as fetuses For experimental 
babies the additional stimulation was more 
nearly like the kind and amount piovided in 
the fetal environment by the walking, bieath- 
mg, and changing position of the mother 
To assess the effect of handlmg on visual 
exploratory behavior, White and Castle 
(1964) gave infants in a state hospital 20 
minutes of extra rocking daily for between 6 
and 36 days During rocking the infants* eyes 
were covered with a blindfold to control for 
a possible increase m visual experience 
When they weie tested at the age of 37 days 
infants who had been rocked spent a greater 
proportion of then waking time attending to 
and exploimg their visible environment than 
did those who had not received the additional 
expei lence There was no difference between 
the two groups m the development of prehen- 
sion, rate of weight gam, or geneial health 
The difference in visual attention gradually 
declined with time, probably because of the 
monotony of the visual sui round, but both 
groups exhibited a sharp increase m visual 
attention at a time when they were relocated 
m a more complex envnonment 

Casler (1965) provided eight institutional- 
ized babies with additional tactile stimulation 
beyond the amount ordinarily provided by 
the institution The importance of this par- 
ticular sensory mode was suggested to him, 
among other things, by Harlow's woik on 
contact comfort Children who were under 
1 year of age at the beginning of the experi- 
ment, and who had given no indication that 
they were bram-damaged, received 20 min- 
utes of stimulation, 5 days a week, for 10 
weeks The experimenter looked at the child's 
midsection, said "Hello, baby” every 60 
seconds, and stioked any part of his skin not 
covered by clothing except the hands and 
mouth region A control group was treated 
m the same manner except that the tactile 
stimulation was omitted (The experimenter's 
verbalization was employed to keep the at- 
tention of children m the control group ) At 
the end of the experimental treatment all 
children were tested on the Gesell Develop- 
mental Schedule as they had been just before 
the beginning of the experiment Both groups 
had declined, perhaps because of the depriva- 
tion of other kinds of stimulation m the in- 
stitution The decline of the experimental 


group, however, except for the motoi sub- 
test, was one half that of the control Thus the 
tactile stimulation seemed to have improved 
functioning in the areas of sensonmotor ad- 
justment, eye-hand coordination, capacity to 
start new adjustments m problem situations, 
language development, feeding ability, self- 
dependence m play, and cooperativeness It 
is unfortunate that interpretation of the le- 
sults of this study are made difficult by the 
fact that the tactile stimulation was adminis- 
tered by a social agent For it is possible 
that, if stroking is reinforcing, the experi- 
menter who did it became secondarily rein- 
forcing The experimental subjects may then 
have been made more socially responsive, 
though stimulus geneialization, to other 
adults around them And this increased re- 
sponsiveness might have been revealed m 
faster learning and better performance on a 
developmental test The results of a study m 
which tactile stimulation is provided by a 
machine would, as Casler notes, be most in- 
teresting 

The Existence of a Critical Period for Gen- 
eral Stimulation The existence of a critical 
period m animals for general stimulation has 
been previously documented We have little 
evidence that such a cntical period either 
exists oi does not exist for humans The only 
study which suggests that it might, at least 
for some functions, is that of Whiting and 
Landauer (1963) For additional evidence 
we must wait for more research 

Chemical and Nutritional Manipulations 

Attempts to improve intellectual function- 
ing by chemical means have been fiequent 
and have generally been aimed at individuals 
functioning at the lower end of the intel- 
lectual continuum But, except for mental 
deficiencies such as phenylketonuria, which 
result from known biochemical lesions, the 
results have not been promising 

Glutamic acid is the compound that has 
received the greatest attention as a possible 
agent for improving intellectual functioning 
During the late 1940s and early 1950s innum- 
erable studies appeared with the majority sup- 
porting the hypothesis that glutamic acid 
therapy has a beneficial effect on intellectual 
performance among the retarded, (These 
studies have been reviewed by Astin and 
Ross, 1960 ) Most of the supporting studies. 



612 WILLIAM R THOMPSON AND JOAN E GRUSEC 


however, suffered from methodological inade- 
quacies, wheieas those that were better de- 
signed were, almost without exception, nega- 
tive m their results Thus it is evident that a 
specific effect of glutamic acid on intellectual 
functioning has yet to be demonstrated 
Vitamins, particularly B x and E, have also 
received considerable attention in the treat- 
ment of mentally deficient children (eg, 
Rudolf, 1950, Giudice, 1961) None of the 
repoited studies, however, have included 
suitable control groups Studies on the effects 
of tranquilizeis such as chlorpromazme and 
reserpine, and of stimulants, have not sug- 
gested that these drugs facilitate intellectual 
functioning (see review by Louttit, 1965) 
Albert-Gasorek and Argrett (1961) adminis- 
tered chorionic gonadotrophin to sexually im- 
mature mentally retarded boys and found a 
small but statistically significant increase in 
intellectual functioning as compared with a 
group of placebo controls They attributed 
the increase m IQ at least m part to an in- 
creased basic metabolic rate 

By far the most gratifying results in the 
chemical and nutritional treatment of mental 
deficiency have come from the investigation 
of phenylketonuria Phenylketonuria is trans- 
mitted as a recessive characteristic from a 
single autosomal gene, and is associated with 
the excretion of phenylpyruvic acid m the 
urine and marked elevation m phenylalanine 
blood levels These large amounts of phenylal- 
anine reflect an inability to metabolize this 
ammo acid, and are due to a block m the 
major route of phenylalanine metabolism, hy- 
droxylation to tyrosine Evidence suggests 
that the lesion is a marked deficiency m a 
liver enzyme, so that phenylketonuria may be 
considered primarily a hepatic disorder with 
the accompanying mental retardation a sec- 
ondary effect (Udenfnend, 1961) The mech- 
anisms underlying this secondary effect are 
unclear Treatment consists of putting the 
phenylketonunc on a diet low m phenylalan- 
ine to reduce and maintain serum phenylal- 
anine at a low level If the diet is introduced 
during the early months of life the chances 
are good that the individual will develop 
normally The longer the delay m instituting 
treatment, however, the less effective it will 
be (Lyman, 1963), 


Enrichment and Restriction 

Institutions do not provide a great deal m 
the way of general, massive stimulation In- 
stitutions are deficient, too, m the kinds of 
specific learning opportunities they provide 
for their occupants Clearly, much of the de- 
velopmental and intellectual retaidation de- 
scribed by Spitz, Goldfaib, and others is due 
to the restucted and unstimulatmg envnon- 
ments m which the children they studied 
lived 

Nor are unstimulatmg environments con- 
fined to orphanage and hospital settings Re- 
tardation m home-reared children who are 
provided with inadequate learning opportuni- 
ties m then own families has also been re- 
ported Coleman and Provence (1957), foi 
example, describe two childien raised m de- 
prived family settings who weie letarded in 
growth, gioss motor development, language, 
social functioning, and m the ways they re- 
acted to people and toys Clarke and Clarke 
(1954) indicate that mentally retaided chil- 
dren who come from poor and unstimulatmg 
homes show an mciease m IQ once they are 
institutionalized Children who come from 
good homes, on the other hand, do not show 
this change It is evident that dogmatic state- 
ments about the ill effects of maternal depn- 
vation often disiegard the hazards a child 
may suffer from having a bad mothei or an 
indifferent mother substitute 

In addition to looking at enrichment and 
restriction in institutional settings we shall 
also discuss the extensive literature on the 
effects of nursery school on child develop- 
ment The preschool, with its emphasis on 
cieativity and on the development of motor, 
language, physical, and intellectual skills, is 
a device favoied by many to provide a child 
with a stimulating envnonment The hope is 
that he will benefit from the experience with 
accelerated development and that this ac- 
celeration will have enduring effects Some 
have cautioned that the good effects of nur- 
sery school may be offset by the harmful 
effects of maternal separation which pre- 
school attendance necessitates Glass (1949), 
however, found no support for the notion 
that nursery care for the child around 2 is 
harmful She reports only slight differences 
m eating, sleeping, elimination habits, and 
behavior problems between children of work- 
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mg mothers who attended a day nursery for 
6J4 to 10 hours daily and a conti ol group 
who were caied foi at home by their own 
mothers The slightly greater pioportion of 
problem behavior m the nursery school chil- 
dren, she suggests, was due to the existence 
of problems m the home which piobably 
caused the child's need for day care m the 
first place 

Hemicke (1956) compared two groups of 
2-year-olds who were experiencing their first 
maternal separation One group was com- 
posed of children m a residential nursery 
school and the other of childien in a day 
nursery school Children m the residential 
nursery tended to show greater and more 
prolonged upset at separation from their 
mothers Some of them also refused to recog- 
nize their parents when they visited after 
an absence of 3 weeks The children in the 
day nursery, on the other hand, leacted in a 
normal fashion to their parents when they 
came to take them home at the end of the 
day Loss of sphincter control, hostility, active 
affection-seeking, and an increase m auto- 
erotic behavior were observed in residential 
children These behaviors were not seen m 
the day nursery children On the basis of the 
two studies, then, we must conclude that the 
effects of shoit-term maternal separation 
which nursery school entails are nothing like 
those which longer-term maternal separation 
produces 

Institutionalization and Restriction of Ex- 
perience The depnved envnonment of many 
institutions and the restricted opportunities 
they allow for learning have been discussed 
previously Provence and Lipton (1962) de- 
scribe at length the shortness of time spent m 
actual caie of an individual infant and the 
lack of personalized care Infants m the in- 
stitution they studied were fed, changed, and 
bathed on schedule, regardless of any partic- 
ular need state they might or might not be 
experiencing at the time In her observation 
of institutional and home-reared infants, 
Rhemgold (1961) reports that 44% of her 
observations weie made while home children 
were being cared for Only 15% of observa- 
tions of oiphanage children were made where 
they were receiving care Home children re- 
ceived much more of certain kinds of stimu- 
lation such as being talked to, fed, and played 


with Orphanage children received the same 
kind of stimulation, but less of it The two 
sets of infants spent equal amounts of time 
in play but had different kinds of toys Home 
children were provided with a wide assort- 
ment of stimulating toys, whereas institution 
childien were forced to resoit to their own 
hands, clothing, and bars of their cribs 
The severe reduction m social stimulation 
which an institution provides has been em- 
phasized by Zigler and his associates (Zigler, 
1966) as a nonmtellective factor affecting in- 
tellectual performance of institutionalized 
children They suggest that a child who de- 
sues social intei action because he is deprived 
of it may modify his performance on intellec- 
tual tasks as a result If being correct means 
a child's interaction with an adult will be 
terminated, he may continue to be wrong 
The perseveiation noted in institutionalized 
children (Green and Zigler, 1962) may also 
reflect this increased motivation for social m- 
tei action Thus the conditions of social im- 
poverishment in an institution may tend to 
make a child look dull On the other hand, 
we would also expect that social deprivation 
could lead to faster learning where social re- 
inforcement was made contingent on good 
and efficient performance 

Modification of the Usual Institutional En- 
vironment. In a study of three Iranian or- 
phanages Dennis (1960) notes the advan- 
tages of the better care which was given m 
one of them In the deprived orphanages, con- 
ditions were similar to those we have de- 
scribed as typical The children m these were 
retarded m sitting alone and in the onset of 
locomotion Most of them, prior to walking, 
locomoted by scooting rather than creeping In 
the third institution, however, the children 
were frequently handled, held in an attend- 
ant's arms while they were fed, propped in 
a sitting position, and frequently placed in a 
pi one position In spite of the fact that these 
children were probably initially more re- 
tarded than those observed m the first two 
institutions, their motor development resem- 
bled that of most home-reared infants 
Earlier, Dennis and Najarian (1957) had 
suggested that the poorer performance of 
orphanage children on the Cattell infant scale 
was due to their lack of opportunity for learn- 
ing motor skills which the test demands Den- 
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ms and Sayegh (1965) reasoned that if 01 - 
phanage children weie accustomed to sitting 
in an upright position, if their interest in ob- 
jects were encouiaged, and if their skill m 
object manipulation were developed, their 
perfoimance on the test should be much im- 
proved Five days a week for 15 days they 
gave 1 hour’s practice to institutionalized 
children m sitting and m watching and 
manipulating objects This extra stimulation 
lesulted m greater gams m developmental 
test scoies by these children than by children 
who had not had the extra practice Thus 
Dennis and Najanan’s hypothesis was sup- 
ported 

Rhemgold (1956) divided 16 6-month-old 
infants, who had been institutionalized for at 
least 3 months, into two gioups Childien m 
the experimental group leceived all their care 
from the expenmentei herself Foi 7 hours 
a day, 5 davs a week foi 8 weeks she fed, 
diapered, soothed, held, talked to, and played 
with them The eight control children were 
looked aftei according to the routine of the 
institution, leceivmg their care from 17 dif- 
ferent persons They were also alone more, 
being cared for on only 7% of the time sample 
observations as opposed to 23% for the experi- 
mental group On the Cattell and on tests of 
postural development and cube manipulation 
the experimental infants had slightly, but not 
significantly highei scores than the controls 
They were, however, more socially responsive 
to the experimenter almost at once, and, with 
time, they became more responsive to other 
persons as well 

One yeai later the children, all but one of 
whom had left the institution, weie tested 
for social lesponsiveness and developmental 
pi ogress (Rhemgold and Bayley, 1959) The 
only statistically significant difference be- 
tween them was that more of the experi- 
mental subjects vocalized during the social 
test Thus, of the tested behaviors, only lan- 
guage development continued to be affected 
bv the experimental manipulation This fact 
suggests that verbal behavior may be more 
sensitive to the impoverishment of an institu- 
tion environment than are many other classes 
of behavior Rhemgold, Gewirtz, and Ross 
(1959) have demonstrated that the vocal 
behavior of 3-month-old children can be m- 
ci eased by reinforcement m the form of smil- 
ing, auditory, and hnesthetic-tactile stimu- 


lation Presumably attendants m orphanages, 
unlike mothers caring for their own children, 
are much too busy to lespond to the vocali- 
zations of their charges with smiles and 
vocalizations of then own In addition, they 
offer few stimuli that might evoke vocaliza- 
tion It is suiely this lack of caie and en- 
couragement — a reduction m learning oppoi- 
tunities — that accounts foi so much of the 
language retaidation of orphanage children 

An early study on the effects of mci eased 
stimulation in an institutional setting was 
done by Skeels and Dye ( 1939) They shifted 
infants and very young childien from an or- 
phanage to an institution foi mentally le- 
tarded girls Here these infants received con- 
siderable stimulation and attention fiom the 
mildly retarded older girls These mother- 
substitutes became veiy fond of then chaiges 
and would even spend part of their very 
small allowances on them They tiained them 
m eating and toilet habits and taught them 
to walk, talk, and play with toys At the end 
of 2 years the childien had shown, on the 
average, a 27 point increase m IQ A control 
group of childien who had been left in the 
institution showed a deciease m IQ of 26 
points 

Positive Effects of Institutional Care Often 
institutionalization may provide some benefits 
home-rearing does not The Hampstead Nui- 
sery (Burhngham and Freud, 1944) is a case 
m point It provided wartime homes foi chil- 
dren whose family life had been broken up 
temporarily or permanently because of the 
war Although a residential nursey, it was not 
run m the usual institutional way Rathei, 
it tried to establish foi its residents what they 
had lost, that is, the secunty of a stable home 
and oppoitunities for individual development 
Bmlmgham and Fiend lepoit that infants 
between bnth and the age of 5 months, when 
not breast fed undei eithei condition, de- 
veloped bettei m then nuisery than in the 
aveiage household This, they suggest, was 
due to bettei food and air and the skilled and 
legulai handling of the nuisery staff The 
nurseiy children between the ages of 5 and 
12 months were more active m watching 
people and more responsive to their coming 
and going 2 They showed greater develop- 

2 This increased responsiveness no doubt reflects 
the fact that the children were exposed less to 
adults than are children raised in family homes 
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ment m musculai control m the second year 
of life than home-reared children because 
they were allowed gieatei freedom of move- 
ment and had more space to play m than 
home children Finally, they were better 
eateis, probably because less stress was 
placed on eating m the nursery than is usually 
the case m a home Parents are veiy con- 
cerned that then children eat propeily and 
this concern pioduces problems Among other 
things, it is possible for childien to use eating, 
or noneatmg, as a way of effectively manipu- 
lating their mothers Such avenues of ma- 
nipulation are not open to a child in an in- 
stitution, where no one really appears to care 
whether or not he eats 
Even with the enriched envnonment the 
Hampstead Nurseiy offered, however, its resi- 
dents showed letardation m some areas of 
development Children m the second half of 
their first year were less advanced m i cach- 
ing out for objects and m active play Their 
habit training was slow, probably because 
staff had less time to spend in intensive train- 
ing, and many of them lost bladder and 
sphincter control when they were placed in 
the nursery They were also retarded m 
speech development Obviously, a child who 
is m a icsidential nursery is living m a com- 
munity of nontalking playmates, where 
speech is of no immediate help to him m mak- 
ing known his needs and wants 

Between 1947 and 1950 a number of chil- 
dren from Kent were taken into the Mersham 
Reception Centre Some were placed there 
after being removed from their own homes 
by court order Others went because they 
were orphaned or, for some other reason, 

Thus the appearance of an adult would have 
greater novelty value for them than for home- 
reared children And this novelty would produce 
more orienting, attending, and investigatory be- 
havior whenever an adult was in the vicinity 
It is interesting that observers seem to categorize 
increased attending to people as either good or 
bad, depending on whether they are discussing 
the good or bad characteristics of institutionali- 
zation According to their frame of reference, 
they may describe the observed behavior posi- 
tively as “an increase in social responsiveness” or 
negatively as “an insatiable craving for affection,” 
and “socially immature ” That this increased 
responsiveness can be both facilitating and detri- 
mental is evident from, among other things, our 
discussion of Zigler s work 


could no longer live at home Rather than 
make decisions about placement immediately 
the authorities felt it better that the children 
be detained for a while in the center There 
they could be given the beneficial experience 
of a healthier environment, and they could 
be observed foi a period of time so that then 
needs could be assessed and more appropriate 
recommendations for placement could be 
made Although it is obviously desirable to 
move a child as few times as possible, it was 
felt that the drawbacks of a stay in a residen- 
tial nursery might be offset, in this case, by 
the benefits of more careful final placement 
Unfortunately, since no control gioup of chil- 
dren who were not admitted to a temporary 
residential setting was assessed, the study can 
be considered only a demonstration and the 
reported results only suggestive Lewis 
(1954), who studied the children 2 to 3J4 
years after final placement, suggests an im- 
provement m the behavioi of almost 2 A of 
the children The children who had fared best 
were those placed m accord with the centers 
recommendation, either in a fostei home, an 
approved school, or back m then own homes 
Institutionalization of Retardates There 
has been some controversy about whether 
children who display seveie mental retaida- 
tion should be institutionalized (see Center- 
wall and Centerwall, 1960, Birch and Bel- 
mont, 1961) Again, it seems clear that when 
the institution provides an enriched environ- 
ment geaied to the needs of its residents, in- 
cluding a stable relation to competent adult 
attendants, and when this environment is 
better than that provided for the child m his 
home, significant improvements in aggressive 
and pathological behavior and m intellectual 
development will occur (Tizard, 1960) 
Nursery School as Enrichment Numerous 
attempts have been made to assess the effects, 
if any, of nursery school attendance on intel- 
lectual development In addition, many in- 
vestigators have been concerned with the 
effects of nursery attendance on social and 
physical development, emotional adjustment, 
and the learning of motor skills Not all the 
studies have been methodologically adequate, 
for many of them have simply assessed the 
changes which have taken place over a period 
of time in children attending nursery school 
The better designed studies have included a 
control gioup of children who have not at- 
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tended nursery school and also measured 
changes m their behavior over the same period 
of time 

Much of the work on changes in intelli- 
gence has been carried out by investigators 
(eg, Wellman, 1932, Skodak, 1939) from 
the Iowa Child Welfare Research Station, as 
part of a large-scale study of the effect of a 
number of different environmental conditions 
on intellectual development In one study 
(Skeels, Updegraf, Wellman, and Williams, 
1938) a nursery school was set up m an oi- 
phanage Some of the children, who were re- 
tarded intellectually, socially, and in language 
development, were assigned to an experimen- 
tal group which attended nuisery school 6 
hours a day A matched control group was 
also selected from the oiphanage population 
The experimental group displayed a dramatic 
increase m IQ, whereas the control group did 
not McNemai (1940) has cuticized this study 
on statistical giounds, but a reanalysis of the 
data (Wellman and Pegram, 1944) has pro- 
duced essentially the same results Generally, 
consistent improvement m scores on intelli- 
gence tests by children attending nursery 
school has been reported by the Iowa investi- 
gators (Wellman, 1945) Moreovei, this im- 
provement seems to have been maintained 
overtime Woolley (1925) and Starkweather 
and Roberts (1940) have also reported gams 
m IQ by children attending nuisery school at 
the Merrill-Palmer School m Detroit 

Other studies (eg, Anderson, 1940, Jones 
and Joigensen, 1940, Goodenough and 
Maurer, 1940), however, have not shown 
these beneficial effects of nursery attendance 
Accordingly, the Iowa studies have been criti- 
cized It has been suggested that the children 
had been coached by parents or nursery 
school teachers, that they had been tested so 
often that they had become practiced at tak- 
ing IQ tests, and that the testers had been 
biased by then knowledge that the child was 
attending nursery school These criticisms 
cannot be applied to all the studies, however 
For example, m many of the studies the con- 
trols had been tested as often as the children 
who had attended nursery school Truax 
(cited by McCandless, 1967) has shown that 
children without siblings are the ones who 
gam m IQ m nuiseiy school It seems that 
children who have little opportunity to play 
with other children lack the intellectual and 


social stimulation piovided by a pieschool ex- 
perience And it is unlikely that examiner 
bias would opeiate differentially between only 
children and those with siblings 

It is a rather tnne-wastmg exercise, as 
Truax* study reveals, simply to compare chil- 
dren who have gone to nursery school with 
those who have not Any observer is aware of 
the very large diffeiences that exist between 
nursery schools Some offer genuinely enriched 
and stimulating environments to childi en who 
attend Others aie little bettei than glonfied 
baby-sitting establishments In most cases 
there are differences in attitudes and child- 
leaung practices between paients who want 
then children to go to nuiseiv school and 
those who do not These differences almost 
certainly mean that childien who are tested 
m a nurseiy school and children m a control 
group are not fiom the same geneial popula- 
tion This is not an appropnate criticism, of 
course, where children aie landomly assigned 
to a pieschool and a control group, but this 
is a condition which can only be met when 
children are living in institutions If a child 
is not doing well in nurseiy school he may 
be withdrawn Thus only those who are im- 
proving m perfoimance are left to be tested by 
the psychologist Even the most ennched pie- 
school experience may have no effect on a child 
if he already comes fiom a veiy stimulating 
home envnonment Again, the expenences 
which have proved beneficial for a middle- 
class child may not be those which will bene- 
fit a lower-class child The deprived child may 
lack the experience that would enable him to 
benefit from the conventional nuisery experi- 
ence 

The preschool experience's influence on so- 
cial development has also been assessed by 
many (eg, Jeisild and Fite, 1939, Hattwick, 
1936; Brown and Hunt, 1961) Again the re- 
sults are discrepant These differences may be 
partly due to the diveise measures of "social 
adjustment" used bv investigates 

It is cleai that a more fruitful appioach to 
assessing the effects of preschool attendance 
will come from reseaich which i elates these 
results to a specific aspect of the nursery ex- 
perience These aspects include the physical 
setting, the progiam, teachei-child relations, 
peer-group interaction, and personality char- 
asteristics of the individual child Studies 
which do this have recently been reviewed bv 



STUDIES OF EARLY EXPERIENCE 617 


Swift (1964) In essence, the studies suggest 
that a program’s effectiveness depends on its 
appiopnateness to the child’s developmental 
level and the piovision of experiences which 
supplement instead of duplicate those he is 
receiving elsewhere The teacher’s qualities 
are extremely important She must actively 
engage m teaching the child new intellectual 
and social skills The child’s ability to util iz e 
the peei -group aspect of the nuisery experi- 
ence depends on his age, tempei ament, and 
the expenences he has at home 

Education of Culturally Disadvantaged 
Children Recent concern with the education 
of culturally disadvantaged children has pro- 
duced attempts at detailed analysis of what 
an ennched 01 deprived envnonment may in- 
volve for a given child Thus people have be- 
gun to try to understand the mechanisms 
wheieby cultural deprivation impairs cogni- 
tive capacities and academic achievement 
Hess and Shipman (1965), for example, ai- 
gue that the control which mothers m de- 
prived families employ restricts the number 
and type of alternatives for action and thought 
that are open to their children These mothers 
use Restricted” rather than "elaborated” styles 
of verbal behavior (Bernstein, 1961) They 
say “Shut up” rather than "Would you keep 
quiet a minute? I want to talk on the phone ” 
Thus the child does not have the opportunity 
to reflect, considei , and choose among alterna- 
tives foi speech and action He develops 
modes of behavior that are impulsive rather 
than reflective, present- rather than future- 
oriented, and disconnected rather than se- 
quential 

In an analysis of the differences m cogni- 
tive functioning, linguistic functioning, and 
mother-child relationships among four differ- 
ent social status groups, Hess and Shipman 
conclude that deprivation means an environ- 
ment in which behavior is controlled by lules 
rather than attention to individual character- 
istics of a given situation and where no at- 
tempt is made to teach a child about the 
relationships between two events "This envi- 
ronment pioduces a child who relates to au- 
thority rather than to rationale, who, although 
often compliant, is not reflective m his be- 
havioi, and for whom the consequences of an 
act are largely considered in terms of imme- 
diate punishment or reward rather than fu- 
ture effects and long-range goals” (1965, p 


885 ) Presumably, a pieschool pi ogram should 
be designed to develop in a child those be- 
haviors which this kind of child-rearmg makes 
difficult 

More precise analysis of deprived environ- 
ments has led to the cieation of a number of 
research piojects concerned with the effects 
of preschool environment on culturally disad- 
vantaged children Gray and Klaus (1965) 
describe the culturally disadvantaged child in 
the following terms They suggest that he re- 
ceives less reinforcement for his behavior, es- 
pecially from adults, that the reinforcement 
he does leceive is probably not verbal, that 
he is urged "to stay out of trouble,” and that 
the reinforcement he does get is diffuse rathei 
than focused precisely on the adequacy of his 
performance This last contention is supported 
by the findings of Zigler and Kanzei (1962) 
As a result, only a small part of the behavior 
of these children is undei the control of adult 
verbal direction, then exploratory tendencies 
are inhibited, and, m general, they are not 
responsive to verbal reinforcement Zigler and 
de Labry (1962) have also found that lower- 
class children are not motivated simply by 
being correct They learn as rapidly as mid- 
dle-class children, however, if they are given 
material reward On the basis of their analy- 
sis Gray and Klaus have concentrated m their 
program on studying the development of at- 
titudes to and aptitude for school achieve- 
ment, the development of delay of gratifica- 
tion, some aspects of peiceptual development 
and cognition, and language 

Both Giay and Klaus (1965) and Deutsch 
(1962) have worked with parents, as well as 
with children, m a “total push” program 
Hodges, McCandless, and Spiker (1966), on 
the other hand, have developed a program to 
which only children are exposed So far, the 
results of these experimental programs have 
been encouraging, with at least early gains 
mIQieported McCandless (1967), however, 
reports his impression that children given en- 
riched training continue to improve only if 
they stay m demonstration programs or are 
placed in schools that enroll children from all 
Socioeconomic levels If they are returned to 
a school where the students come from an 
equally impoverished background, they lose 
their initial momentum Teachers in this situa- 
tion, appalled by the lack of essential skills pos- 
sessed by the majority of their students, ap- 
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parently tend to concentrate on this majontv 
and to ignoie those from the demonstration 
school projects Hence students from such 
projects coast and rapidly lose their initial 
advantage 

Manipulation of the Social Environment 
Social Development in Humans 

The Development of Social Attachments: A 
Learning Analysis In ordei to undei stand the 
effects of maternal separation per se we 
should first undei stand the development of 
social attachments under normal conditions 
For some time the popular method of ac- 
counting foi this development involved an 
emphasis on the mother-child feeding lela- 
tionship (eg Seats, Maccoby, and Levin, 
1957) Because the mothers presence was al- 
ways associated with the reduction of primary 
drives, particularly hunger, she supposedly 
acquired secondary reinforcing properties 
Thus the child found her reinforcing, that is, 
he became attached to hei The emphasis on 
the feeding situation, almost to the exclusion 
of other situations m which mother and child 
interact, was dictated primarily by psycho- 
analytic theory and its concern with the oial 
drive 

Sucking as the basic response underlying 
social attachment has recently been ques- 
tioned Human infants during the first V/z 
years of life frequently form specific attach- 
ments to individuals who never participate m 
routine caretaking activities (Ainsworth, 1963, 
Schaffer and Emerson, 1964b) Harlow’s 
work, discussed elsewheie in this chapter, has 
demonstrated that contact comfort is a more 
important antecedent of attachment, at least 
m rhesus monkeys, than is feeding The ques- 
tion of the importance of contact comfort or 
cjingmg m the development of human social 
responsiveness, however, remains unanswered 
It is certainly clear that human mothers pre- 
sent a surface to their infants that is less sup- 
portive of clinging than do mother rhesus 
monkeys Clinging does not generally appeal 
m infants until after specific social attach- 
ments have been formed It seems to become 
more important when the child becomes mo- 
bile, at which time he frequently clings to his 
mother s hand or skirts Rhemgold and Keene 
(1963) have observed that the human infant 
contributes much less to his own transport 
than do many other mammalian young, that 


is, he hangs on less Schaffer and Emeison 
(1964b) also report that infants whose 
mothers employ much physical contact m m- 
teiactmg with their children are no more 
attached than infants whose motheis rely pri- 
marily on other means These include stimula- 
tion by then voice and facial expiessions or 
diversion of attention fiom themselves 
through the provision of toys, food, and othei 
objects whenever the infant demands atten- 
tion 

Rhemgold (1961) indicates that a basic 
and primary activity of the human infant is 
his visual exploiation of the environment 
Certain objects attract and hold his attention 
and the more intei esting of these evoke facial, 
vocal, and bodily responses of delight The le- 
mforcing effectiveness of complex and chang- 
ing stimulation has frequently been docu- 
mented (eg, Berlyne, 1958) One of the 
most intei esting objects m the infant's envi- 
ronment, from the standpoint of complexity, 
is the human face, with its shiny and non- 
shiny surfaces, its bumps and contouis Hence 
we would expect that a face would be even 
more likely than other objects to elicit vocali- 
zation, smiling, and leaching out — all behav- 
iors which are considered indicants of social 
responsiveness Furtheimore, unlike stuffed 
teddy beais and rattles, human faces gener- 
ally respond to a child’s evident delight bv 
changing expression and vocalizing Thus the 
child’s social behaviors may be further in- 
creased m frequency by reinforcement through 
this stimulus change In addition, the infant 
quickly discovers that it is the humans m his 
environment who are capable of piovidmg 
him with stimulation and stimulus change 
from inanimate objects They are the ones 
who move his carnage, who carry him around, 
who turn on the television, and who dangle 
various toys in front of him Evidence sup- 
porting this hypothesis that distance leceptors 
may play a more important role than feeding 
or clinging m the development of social re- 
sponsiveness m human children has recently 
been summarized by Walters and Parke 
(1965) 

Schaffer and Emerson (1964b) suggest 
that there are three stages in the development 
of social responsiveness In the first the infant 
finds that he can receive stimulation from all 
parts of his environment In the second he dis- 
covers that humans are the best providers of 
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stimulation This is a phase of indiscriminate 
attachment where the presence of any human 
will alleviate his distress at social isolation 
The third phase, that of specific attachments, 
begins at the age of 7 months It is only at 
this age — Piaget's sensoiimotor stage IV — 
that we see the beginning of object conseiva- 
tion Befoie this a specific social object has 
no meaning foi the infant apait fiom its pres- 
ence, and so it is not missed m its absence 
Upset at separation fiom the mother, Schaffer 
hypothesizes, begins only at an age when the 
mfant begins to search for objects that have 
been lemoved from his perceptual field That 
7 months is the point where specific attach- 
ments are formed is evident from data pio- 
vided by Schaffer and Callendei (1959) 
Children hospitalized aftei 7 months bitterly 
protest separation from their mothers and 
cling to them duung visits They display neg- 
ativism toward hospital staff and aie fright- 
ened of them This behavior is intei spersed 
with intervals of withdrawal and subdued be- 
havioi Infants hospitalized befoie 7 months 
of age do not protest separation They accept 
strangeis as mothei -substitutes without a 
change m their usual level of responsiveness 
(except foi a noticable absence of vocaliza- 
tion), and they adjust to ladically different 
feeding loutmes with no appaient difficulty 
Schaffei (1963) provides evidence indicat- 
ing that a phase of indiscriminate attachment 
is necessary before specific attachments can 
be formed He compared two gioups of hos- 
pitalized infants Members of one group re- 
ceived very little stimulation, although they 
were visited by then mothei s The second 
group's membeis had been exposed to tubei- 
culosis and weie institutionalized for vaccina- 
tion This gioup leceived a great deal of 
stimulation from the many nurses who cared 
for them, although they were not visited by 
their own mothei s All the children were at 
least 30 weeks of age when they were re- 
united with their mothers Those m the first 
gioup who had leceived little social stimula- 
tion took much longer to form a specific at- 
tachment to then mothei s than did those who 
had leceived a gieat deal, even though this 
stimulation was not fiom their own mothers 
Thus it would appear that geneial social stim- 
ulation must be provided before specific at- 
tachments can be formed Prolonged exposure 
to the individual with whom the specific at- 


tachment is eventually formed is not neces- 
sary Only the total amount of stimulation 
appears to be important 
Differences m social responsiveness be- 
tween home- and institution-reared infants 
are especially understandable in terms of dep- 
rivation of social stimulation Rhemgold 
(1961) found 3- and 4-month-old infants in 
institutions were more socially responsive to 
a strange experimenter than were home- 
reared children The institutionalized children 
gave the observer more consistent attention, 
smiled moie readily at her, smiled, vocalized, 
and reached out toward her more often, and 
gave her fewer negative lesponses Over the 
period of observation they vocalized with in- 
creasing frequency, whereas home childien 
deci eased their frequency of vocalization The 
institutional childien were certainly moie de- 
prived of social stimulation than are home- 
reared childien The high fiequency and in- 
tensity of their social lesponding would seem 
to reflect this deprivation They may also have 
been learning that stiong responding was nec- 
essary m oidei to keep an adult near them 
In addition, home-ieai ed children probably 
were able to discriminate between their own 
mothei s and a strange observei Since many 
of the positive cues geneiallv associated with 
the mother would be missing, the strength of 
their accustomed lesponses would be dimin- 
ished A child raised m an institution by a 
numbei of different caretakers could not so 
easily discriminate a strangei fiom a non- 
stranger The increased social responsiveness 
m institutional children in the form of piompt 
attention when anyone entered their nurserv 
and the poor discrimination between a regular 
attendant and a stranger’s face have also been 
noted by Provence and Lipton (1962) 
Smiling at a stationary, unsmiling human 
face does not occui m institutional infants 
until they are around 14 weeks old, and it 
reaches its maximum at 17 to 20 weeks of 
age Home-reai ed children smile much earliei 
(6 to 10 weeks), with modal smiling occur- 
ring between 11 and 14 weeks (Ambrose, 
1961) Smiling is probably more frequently 
elicited and lemforced among home-reared 
than institutional childien, hence its earlier 
appearance Again, home-reared children may 
learn to discriminate sooner between a famil- 
iar and a strange face. Thus they would 
sooner cease smiling at a face that had not 
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been associated with lemfoi cement m the 
past 

Imprinting and the Development of Social 
Attachments As indicated earliei , the similar- 
ity between imprinting and the development 
of social attachment m human infants has led 
a number of investigates to treat them as 
identical pi ocesses Gray (1958) suggests that 
smiling m human infants is the motor equiva- 
lent of following responses m animals below 
the highei primates, whereas Caldwell (1962) 
proposes that the motoi equivalent is the vis- 
ual following lesponse Scott (1963b) main- 
tains that any response which leads to pro- 
longed contact with the maternal figure at the 
proper time will be important m the develop- 
ment of social attachment He also indicates 
that an intense emotional expenence, whether 
lewaidmg or punishing, will increase the foi- 
mation of attachment Thus Fishei (1955) 
found that puppies displayed attachment to 
a human with whom they had had onlv pain- 
ful physical interaction if no other social con- 
tact was made available to them We are re- 
minded here of the observation (Lewis, 1954) 
that some childien who have been severely 
neglected by then parents still display con- 
cern for those parents It is also true, however, 
that, although the matenal needs and social 
training of these children have been neglected, 
they have generally received affection from 
then parents Similaily, although Fisher pun- 
ished his dogs, he may also have provided 
some gratification for them m the form of 
perceptual stimulation 

Bowlby's (1958) analysis of the attachment 
process is also greatly influenced by the work 
of ethologists He suggests that sucking, cling- 
ing, and following are instinctual responses 
which keep an infant m close contact with his 
mother These unlearned behaviors mature at 
different times during the first year of life 
and thus are centrally important at different 
times In addition, crying and smiling on the 
infants part serve to elicit maternal behavior 
from the mother, toward whom they are di- 
rected, and thus keep her in her infant's pres- 
ence Bowlby, however, does not present the 
conditions for attachment m a way that sug- 
gests that learning is not involved, Using cer- 
tain assumptions from associative learning 
theory, Cairns (1966b) has proposed that 
mammalian attachment behavioi is deter- 
mined solely by the length of association with 


an object m a given context and the relative 
cue weight of the object Certainly this is an 
alternative conceptualization to a secondary 
leinf oi cement theory which must be consid- 
ered 

If there exists a critical period for imprint- 
ing it seems too that there could well be a 
critical period for the development of social 
attachment m humans Gray places it be- 
tween 6 weeks and 6 months, beginning with 
what he suggests is the onset of learning abil- 
ity, continuing with the smiling response, and 
ending with the development of fear of stran- 
gers A similar position is taken by Scott 
(1963b) Although the period of 6 weeks to 
6 months — the “penod of primary socializa- 
tion" — is critical for the formation of social 
lelationships, Scott suggests that later ages 
are also critical with regard to psychological 
damage resulting from breaking off these re- 
lationships The word “critical” now begins to 
lose much of the meaning with which it has 
been generally endowed 

Imprinting is a phenomenon whereby an 
organism learns to make social responses to 
objects to which it has been continually ex- 
posed In natuie this is usually to its own 
species, and it does not refer to attachment 
to a particular membei of that species Hence 
we aie left somewhat in the dark as to whether 
there is a critical penod for a generalized, 
nonspecific attachment to the human species, 
oi whethei it is for specific attachment to a 
given individual or individuals Again, the 
idea that a devlopmg fear of strangers marks 
the end of the socialization period is made 
rather less satisfactory by the finding that 
stranger anxiety is not in a one-to-one rela- 
tionship with either attachment or sepaiation 
anxiety (Ainsworth and Wittig, in press, Ains- 
worth, 1963, Benjamin, 1963, Schaffer and 
Emerson, 1964b, Tennes and Lampl, 1964) 
Children who are attached may display no 
fear of strangers Again, a fear of strangers 
may occur in a child before he actually de- 
velops a specific attachment The intensities 
of the two phenomena — attachment and fear 
of strangers — do not coincide Clearly, at the 
moment, the cntical period hypothesis needs 
further clarification, as do the developmental 
mechanisms which might be involved in it 

Situations m which the Formation of Spe- 
cific attachments Is Impeded Infants in insti- 
tutions are obviously deprived of the oppor- 
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tumty to form a specific attachment to a single 
caretaker If, for present pui poses, we adopt 
a secondary reinforcement theoiy, we may 
also say they have less chance to leam that 
people m general aie leinfoicmg because they 
leceive less care taking If the responses they 
make to social stimuli aie not remfoiced, 
these lesponses may, through habituation, 
soon disappear Undei normal real mg condi- 
tions most children must also leam to make 
certain operant lesponses like ciying 01 1 cach- 
ing out m order to receive certain gratifica- 
tions If caretaking in an institution is given 
so that the child has no conti ol over what 
happens to him — if 1 enforcement is not con- 
tingent on anythmg he does — he may soon 
appear quite socially unresponsive All these 
conditions are encompassed m a descuption 
by Ainsworth and Wittig (in pi ess) of the 
variables m mother-infant interaction which 
seem to foster both the giowth of healthy at- 
tachment and of competence These include 
(1) frequent and sustained physical contact, 
especially during the fiist year of life, togethei 
with the mother s ability to soothe her infant's 
discomfort through physical contact, (2) the 
mothei’s sensitivity to her baby’s signals and 
her ability to time her interventions with his 
rhythms, (3) an environment wheie the in- 
fant feels he has some conti ol over what hap- 
pens to him, (4) the mutual delight which 
mother and baby take in then transactions 
with each other 

Institutions vaiy m the extent to which they 
support social responsiveness and competence 
Even where attempts are made to provide 
intensive and personal care, howevei, the 
quality of emotional interchange may be lim- 
ited Nurses aie leluctant to become too in- 
volved with children fiom whom they know 
they will be separated (David and Appell, 
1961) The institution Rhemgold (1961) stud- 
ied was supportive to the extent that its occu- 
pants were socially responsive to a stranger 
Others may provide less optimal conditions 
for learning Piovence and Lipton (1962) 
describe an institution m which the children 
showed little cooing or crying m response to 
people, where they showed a decreasing tend- 
ency over time to reach out for or move to- 
ward people and toys, and where they dis- 
played no playful activity with others, The 
children were generally bland m affective ex- 
pression and unafraid of strangers When they 


weie in distiess they failed to turn to an 
adult — they gave no sign that they antici- 
pated oi expected that a need would be met 
If something unpleasant was being done to 
them they onlv cried miserably, but made no 
attempt to push away fiom the noxious event 
In this institution, whose environment is de- 
scribed m extensive detail m the report, there 
was an absence of specific maternal care, very 
little time was spent m actual care, and none 
of it was personalized Children were fed and 
changed, not when they wanted it, but ac- 
cording to loutme Many of then distress sig- 
nals went unanswered so that opportunities 
foi learning the source of comfort were few 
Feeding, diapenng, changing of position, and 
being given a toy were done on schedule 
Only occasionally were these related to the 
child’s wishes Clearly any behavior which 
the child might use to gam attention was ex- 
tinguished, since care was independent of 
anything he did And any secondarily rein- 
forcing qualities adhering to caretakers must 
have been quite minimal m light of the re- 
stricted caretaking that was piovided 

Provence and Lipton also report that the 
children were atypical in their approach to 
toys They showed no preference for one over 
another, were not displeased at the loss of a 
toy, and made no attempt to recover it They 
suggest that a normal infant invests toys with 
some of the feeling he has developed foi his 
mother Presumably, feelings of attachment to 
a mother might generalize to an inanimate 
object It is also possible, however, that the 
impoverished environment offered by the in- 
stitution produced retardation in the devel- 
opment of the concept of object constancy 
These children may have been behaving like 
younger ones who, when a toy disappears 
from their surroundings, act as if it no longer 
exists The children also rarely displayed any 
self-stimulating activities, except for rocking 
Thumb-sucking and the mouthing of toys and 
other objects were rarely observed Perhaps 
a mother must first make a child aware of the 
gratification of tactile stimulation before the 
child himself will reproduce it 
Provence and Lipton suggest the effects of 
institutionalization on social behavior are ir- 
reversible, Although the children improved 
dramatically after foster home placement, they 
were still impaired m utilization of the mother 
as a source of comfort, relief from tension, 
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and help in problem-solving They weie indis- 
criminately friendly, and had problems m im- 
pulse control and ability to delay gratification 
It may well be that the critical period for the 
establishment of emotional ties to a single in- 
dividual had passed Without a specific emo- 
tional attachment the internalization of par- 
ental standards is difficult, both because the 
process of identification with parental prohibi- 
tions is weakened and because the child has 
no need to maintain parental approval by per- 
forming the behaviors they want him to On 
the other hand, it may be that there still had 
not been sufficient learning opportunities for 
impulse control and seeing the mother as a 
source of gratification by the time of the fol- 
low-up These would be opportunities the 
children had been almost totally denied m 
the institution Then, too, adults may find it 
difficult to tolerate a social behavior in an 
older child which they would accept and try 
to modify in a younger one Thus foster par- 
ents may not provide the same learning condi- 
tions for older children from an institution 
that they would younger children Again, the 
explanation may be a genetic one As we have 
suggested earlier, children in an institution 
probably do not constitute a random sample 
from the general population The genetic con- 
stitution of the children Provence and Lipton 
observed may have predisposed them to dis- 
play aggressive, uncontrolled behavior 
One of the features of institutional caie is 
that it provides interaction with many care- 
takers Even if an institution s conditions were 
such as to provide excellent conditions for the 
learning of social behavior, it might be that 
the diffusion of attachment over a number of 
individuals could be detrimental to optimal 
behavioral development If a young organism 
does not learn the components of an emo- 
tional attachment to a single mother-figure, he 
may have difficulty in forming anything but 
superficial attachments to others Hence the 
mdiscrimmate friendliness which Goldfarb, 
Provence and Lipton, and others have noted 
Studies of children raised m Israeli kib- 
butzim are relevant here From early infancy 
these children are placed in a nursery where 
they are cared for, along with a number of 
other children, by a substitute mother-figure, 
the metapelet The metapelet is responsible 
for the everyday care and training, including 
impulse control, of the children Their own 


mothers, who visit regularly and may even 
breast-feed their children for several months, 
seem primarily responsible for affectional grat- 
ification Rabin (1958) found some evidence 
for developmental retardation among infants 
in the kibbutzim, which he attributes to a 
lesser total amount of stimulation than is or- 
dinarily provided m family homes Studies at 
later ages, however, suggest that these chil- 
dren are m no way retarded intellectually nor 
do they display any personality distortions 
Rabin suggests they display better emotional 
control and greater maturity and ego-strength 
than children raised with their own families 
There has been some suggestion that children 
who have lived all their lives on a kibbutz 
tend to lack emotional depth Although they 
are capable of maintaining satisfactory rela- 
tionships with their peers, theie is a tendency 
for all relationships to be on the same level 
It may be true, then, that one must leam how 
to form an intense emotional relationship with 
a single mother-figure before intense relation- 
ships with others can be formed m later life 

Other data on multiple mothering have 
been provided through the study of children 
in home-management houses — training centers 
for students of home economics Typically, 
many students provide care, m turn, for these 
infants before they are placed m foster or 
adoptive homes, usually within 5 or 6 months 
There is always a house mother available who 
provides some continuity m mothering Fol- 
low-up studies of these children, at least m 
the preschool years, suggest no damage to 
them as reflected m their response to frustra- 
tion or brief maternal separation (Gardner, 
Pease, and Hawkes, 1961) or in personality 
development (Gardner, Hawkes, and Burch- 
inal, 1961) 

In a study comparing children raised in 
w monomatnc * families (where the mother was 
the exclusive caretaker of her infant) with 
those reared m “polymatric” families (where 
the infant was cared for by moie than one per- 
son), Caldwell et al (1963) found no differ- 
ence between the two groups of children at 
6 months of age At 1 year, however, the in- 
fants from the monomatric families were more 
active, more emotionally dependent on their 
mothers, and more emotional m their inter- 
actions with their mothers Mothers m mono- 
matnc families, however, had earlier been 
found to be more affectionate, active, sensu- 
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ous, playful, and vocal with then infants, and 
more concerned with their well-being than 
mothers m polymatnc families Thus the ob- 
served differences m the behavior of the two 
groups of children might well have been due 
to their mothers* personality diffeiences, rather 
than to the number of caretakers with which 
they were provided 

An unusual study of six German Jewish 
orphans (Fieud and Dann, 1951) provides 
evidence that lack of a consistent mother-fig- 
ure is not necessarily detrimental to the for- 
mation of social attachments After their par- 
ents had been killed, these children had 
arrived at the same concentration camp when 
they were a few months old After that, they 
were always together as a group Because 
they were m a deportation camp their caie- 
takers changed very often When they were 
taken to England they were observed to have 
a most unusual emotional dependence on each 
other All their positive feelings centered ex- 
clusively on their own group, where there was 
almost complete absence of jealousy, rivalry, 
and competition Since they had expenenced 
most of their satisfactions in each otheTs pres- 
ence, they appeared to have developed the 
kind of attachment foi each other that chil- 
dren raised m more normal environments 
have foi their own mothers Moreover, they 
soon came to make positive approaches to the 
adults who continuously looked after them m 
England These responses were very similar 
to the approaches they made to each other 

Maternal Separation after a Specific At- 
tachment Has Been Formed. The reaction of 
a child over 6 months of age to separation 
from his mother has been descnbed by a 
number of observers (Bowlby, 1958, Robert- 
son and Bowlby, 1952, Roudmesco, David 
and Nicolas, 1952, Spitz and Wolf, 1946) 
Typically, there are three stages The first in- 
volves active piotest and entails much crying 
and physical agitation The second stage is 
one of despair with withdrawal and monoto- 
nous crying The final stage is one of detach- 
ment Here all adults are tieated socially but 
casually and on the same level The child ap- 
pears pieoccupied with material things and 
no longer seems to care for anyone It is nota- 
ble that the first two phases do not appear 
where the lelationship with the mother has 
pieviously been severely impaired 

Gewirtz (1961) offers an explanation of 


this behavior in keeping with a learning anal- 
ysis of the development of social attachment 
He pomts out that maternal separation in- 
volves an abrupt and continuing change m 
what was earlier a satisfactory pattern of 
availability of cue and lemforcing stimuli to 
the child, after these have been conditioned 
as such foi him The initial response to this 
change is frustration — an increasing rate of 
responding and the emergence of emotional 
responses which are incompatible with the 
development of new and desirable responses 
If the new caretaker is not able to respond to 
and provide reinforcement for what socially 
adequate responses the child may produce, 
these will soon extinguish We might also sug- 
gest that the younger the child, the more re- 
stricted his behavioral repertoire and hence 
the greater his difficulty m producing new 
and acceptable responses A period of depres- 
sion at the loss of a valued object may be 
followed by apparent recovery from grief 
The social detachment the child displays dur- 
ing this phase may well result from the re- 
peated experience of becoming attached to a 
nurse who eventually leaves After this hap- 
pens a number of times, the child no longer 
becomes upset at separation from a caretaker 
What damage, if any, does a child experi- 
ence from maternal separation after a specific 
attachment has been formed? Freud and 
Burlingham (1944) report that children who 
were separated from their families and placed 
m residential nurseries during World War II 
showed a great deal of initial disturbance, 
but they also point to the possibility of min- 
imizing personality damage by providing sub- 
stitute individualized relationships In a fol- 
low-up study of 20 adults who had been 
placed m residential nurseues as children dur- 
ing the war, Maas (1963a, 1963b) found no 
severe cases of personality pathology Most 
of these adults were functioning very well 
There was a trend in the data, however, sug- 
gesting that separation was more damaging to 
children less than 1 year old than to those 
who were moie than 1 year old The former 
showed a greater incidence of disturbance in 
the personality-social area as adults Bowlby, 
Ainswoith, Boston, and Rosenbluth (1956) 
report that children who had spent some time 
m a tuberculosis sanitanum before 4 years of 
age did show tendencies toward withdrawal, 
apathy, and aggression They did not, how- 
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ever, show a distuibance m their capacity to 
establish relationships with then peers In 
summary, then, the data do not suggest that 
every child who is separated from a figure to 
whom he has become attached will suffer n- 
reversible damage That some damage may 
occur, if the sepaiation is not handled well 
and a suitable new environment is not pio- 
vided, cannot be 1 uled out 

GENOTYPE AND EARLY EXPERIENCE 

As we have suggested, any change m an 
organism's behavioi produced by some envi- 
ronmental manipulation must also be condi- 
tioned by its genotype Depending on how 
the genotype is constituted, an eaily experi- 
ence may have a large effect or no effect at 
all, one that is permanent 01 one that is tran- 
sient Behavior, like any othei chaacter — mor- 
phological or physiological — has hereditary 
determination at least m respect to many of 
its formal, measurable aspects 

It is obvious enough, of course, that many 
of the content aspects of behavior depend 
completely on envnonment, for example, the 
fact that one person speaks German and an- 
other Russian However, the ease with which 
one individual, as compared to another, learns 
to speak a language (eithei as a native lan- 
guage or a foreign one) may be heavily in- 
fluenced by genotype Learning ability, m 
other words, is probably mhented Evidence 
for this conclusion comes mostly from animal 
studies using both the method of selection 
and the method of strain differences (see 
Fullei and Thompson, 1960, Hirsch, 1967) 

Since early environmental expenences must 
be retained bv some learning or stoiage mech- 
anisms, we may expect to find that the sus- 
ceptibility of an organism to change as a re- 
sult of environmental manipulation should 
vary according to genetic constitution That 
is, some individuals may be expected to be 
strongly buffered, others weakly buffered 

Empirical evidence bearing directly on this 
point has been put forward by a number of 
workers Hughes and Zubek (1956), using 
the McGill “bright" and “dull” rat strains 
selected by Thompson (1954), were able to 
show that dulls much more than brights 
showed improvement m maze performance as 
a result of glumatic acid treatment during 
infancy A subsequent study by the same au- 


thors (Hughes and Zubek, 1957) further 
demonstrated that the effect produced was 
fairly long and lasting, extending over a period 
of several months Hughes and Zubek (1956) 
suggested that possibly dullness was due to 
a selected metabolic enor relating to neural 
functioning and ACh activity for which exog- 
enous glutamic acid provided some compen- 
sation 

Genetically selected maze ability is also dif- 
ferentially responsive to early environmental 
— as against chemical — manipulation Cooper 
and Zubek (1958) were able to show that 
dulls gam much more than brights m Hebb- 
Williams maze ability as a result of exposure 
to enriched early experience In a lestucted 
environment, however, brights lose much 
moie than dulls These data are summanzed 
in Table 3 They show that both strains are 

Table 3 The Effects of Enriched and 

Restricted Environmental Rearing on 
Maze Performance in “ Bright ” and 
“Dull” Rats ( McGill Strains ) 
Hebb-Wilhams Maze Error 
Scores Are Shown 



Rearing Conditions 



Normal Cage 

Enriched Restricted 

Bnght 

117 0 

1112 

169 7 

Dull 

164 0 

119 7 

169 5 


equally susceptible to phenotypic changes but 
only in one direction This presumably means 
that selection produced animals representing, 
respectively, the upper and lowei limits of 
lat intelligence 

A study bearing moie directly on this point 
was carried out by Thompson and Olian 
(1961) This has been refened to previously 
Buefly, the data showed that the effects of 
administration of adrenalin to pregnant mice 
of three strains had effects on offspring activ- 
ity level that vaned with genotype Offspring 
from the normally high-active strain — C57- 
BL/6s — showed reduced activity, those from 
the usually low-active A/Jax mothers showed 
increased activity over controls, and those 
from BALB/Ci mothers were not altered 
These results suggested that the BALB geno- 
type is rather strongly buffered as compared 
to the C57 and A/Jax genotypes The general 
finding that an early treatment tends to in- 
crease the activity of the less genetically 
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active strain and lower that of the genetically 
more active strain has been confirmed by 
DeFnes (1964) and DeFnes and Wen 
(1964) It is of some interest to note, how- 
ever, that m the DeFnes study C57s were 
the moie active, but in the DeFnes and Wen 
study BALBs were the more active strain un- 
der control conditions This was ascribed to 
diffeiences m the testing situation used in 
the two experiments Whichever stiam was 
the lower-active showed the mciease as a 
result of treatment and whichever was the 
higher-active showed the decrease Finally, 
DeFnes (1964) showed that hybrids, which 
were normally moie active than either of the 
pure strain animals, responded differentially 
to prenatal stiess depending on the genotype 
of the mother This involvement of maternal 
as well as fetal genotype was furthei demon- 
strated by DeFnes, Wen, and Hegmann 
(1967) They studied effects on offspnng 
activity of exposuie of pregnant mothers to 
cold, shaking, noise, or adrenalin chlonde 
Differences in activity-level weie found be- 
tween the effects of physical and those of 
chemical stiess The two types of stress also 
interacted diffeiently with genetic factors 
The results of the studies outlined above as 
well as those of other investigators (King and 
Eleftherion, 1959, Lmdzey, Lykken, and 
Winston, 1960, Levine and Wetzel, 1963, 
Levine and Broadhuist, 1963, Lmdzey and 
Winston, 1962, Henderson, 1966a) indicate 
clearly that genetic diffeiences exist with re- 
spect to buffering 

At the human level, fewer data are avail- 
able It was suggested by Kallman (1953) 
that schizophiema — a syndrome he con- 
sidered to be dependent on a single recessive 
gene — could be expressed or not depending 
on what he called a nonspecific constitutional 
defense mechanism having itself a polygenic 
basis Thus a homozygous recessive individ- 
ual might manifest schizophrenia in response 
to severe stress or not, depending on the 
strength of the defense system A similar no- 
tion has lecently been put forward — albeit in 
somewhat diffeient terms — by Meehl (1962) 
This writer hypothesized that the various 
symptoms of schizophrenia will always appear 
in what he designated as the schizotaxic per- 
son, who carries the genes for the basic 
neural-integrative defect underlying the dis- 
ease, provided there is also exposure to an 


unfavorable envuonment, and piovided also 
that there is a low inheiited capacity for re- 
sistance to stress If these conditions are not 
all fulfilled, according to Meehl, schizophrenia 
will not appear, although the basic personal- 
ity oigamzation underlvmg it may be mani- 
fested in a well-compensated foim These 
ideas have leceived a good deal of suppoit 
fiom Gottesman and Shields' (1966) analysis 
of their own and other workeis’ data They 
conclude that a laige propoition of cases of 
schizophiema may be polygemcally de- 
termined, the expression of the disease de- 
pending on the number of genes piesent and 
also on the amount of environmental stiess 
It would be useful to have fuithei data im- 
plicating early experience variables 

These aie interesting notions and intuitively 
make sense It does indeed seem likely that 
many individuals who have a basic inheiited 
disposition to some abnormality and who are 
exposed to environmental stiess favoring its 
expression may still be piotected by some 
secondaiy defense system which is itself also 
genetic Unfortunately, however, no conclu- 
sive data directly beaiing on such an assei- 
tion are available One set of observations 
made by Bentley Glass a number of yeais ago 
(1954) is perhaps suggestive of the kind of 
work that badlv needs to be done His interest 
was m what he called "adaptability,” the 
process by which living oiganisms make ap- 
propriate adjustments to changing environ- 
mental conditions It is a concept similar to 
"buffering” but of a more evaluative chaiac- 
ter To study it empirically, Glass observed 
the responses made by members of identical 
twin pairs m a visual-motor task — hitting a 
target with a needle— under normal con- 
ditions and under conditions of mild stress 
The mild stress consisted simply of the in- 
gestion of five cups of hot or cold coffee 
Some of Glass' data are summarized in Fig 
13 The plots indicate a striking qualitative 
and quantitative similarity between twins un- 
der both the normal and stress conditions 
This suggests that "adaptability” or respon- 
siveness to some environmental treatment is 
mdeed genetically conditioned Obviously, as 
Glass himself has pointed out, these results 
are very preliminary and more data will 
be needed befoie any firm conclusions can be 
drawn Nonetheless, the method seems to 
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Fig, 13 The similarity of effects of a mild stress on visual-motor performance m a pair of identical 
twins In the left graph, Albert drank the coffee, m the right one, Andrew drank it (Glass, 1954 ) 


be capable of shedding considerable light on 
the problem we are discussing 

Granting that buffering and adaptability 
are genetically based, we may still inquire as 
to the exact nature of the genetic mechan- 
isms involved Lemer (1954), m a discussion 
of this problem, has suggested two mam pos- 
sibilities First, it may be a property of de- 
gree of homozygosity — either in general or 
at specific loci That is to say, it may have 
to do with heterosis or hybrid vigor Data 
gathered by Winston (1964) give quite di- 
rect support to this alternative This investi- 
gator compared the amount of behavioral 
change mduced by early sound trauma m 
inbred mouse strains with the amount pro- 
duced in hybrids between them The hybrids 
turned out to be less leadily influenced than 
the parental strains — a result which the 
author ascribed to heterosis 
On the other hand, there is the second 
possibility buffering may be caused by par- 
ticular genes at specific loci The cogency of 
this notion is suggested first by the fact that 
differences may readily be found between 
inbred strains which are not known to differ 
in degree of heterozygosity Indeed, if such 
differences do exist, it is unlikely they could 
be large enough to exert very much influence 
Furthermore, it has been shown that buffer- 
ing may be a character susceptible to selec- 
tion Sines (1959, 1961) was able to select 
a strain of rats that showed higher suscepti- 
bility to stomach ulcers following stress The 


females of the susceptible line showed, over 
the three generations of selection (up to F 2 ), 
a more rapid response, the percentage of in- 
dividuals manifesting ulcers rising from 68% 
m the base population to 96% m the F 2 gen- 
eration It is not certain, however, whether 
this lesult was due to fixation of specific genes 
or to loss of heterozygesity In the absence of 
either control or nonvulneiable lines, no firm 
conclusion can be drawn concerning the ge- 
netic mechanisms involved m the specific case 
of buffering A long-term project has been un- 
dertaken by the senior author of this chapter 
to specify more exactly the genetic basis of 
susceptibility to early environmental manipula- 
tions Preliminary results indicate that it is 
indeed possible to select lines strongly oi 
weakly buffered against the effects of stimula- 
tion m infancy 

This brief sketch hardly does justice to the 
large body of literature relevant to the prob- 
lem under discussion For more detailed ex- 
position the reader is referred to Chapter 2 
of this book All we wish to establish here is 
that genetic factors play a most important 
part in determining the magnitude and direc- 
tion of the effects of early experience 

THEORETICAL MODELS OF EARLY 
EXPERIENCE EFFECTS 

As we have already emphasized, there has 
been a marked poverty of theoretical treat- 
ment of early experience effects Attempts 
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that have been made have eithei been too 
broad to have leal predictive powei, 01 else 
they have been pitched to a level dealing 
with only paiticular sectois of the pioblem 
We have suggested that two critical pioblems 
aie involved (1) the specification of those 
mechanisms by which the residua of an eailv 
experience may be stored, that is, mode of 
acquisition as a function of age, and (2) the 
specification of those piopeities of young sys- 
tems that may affect long-term letention of 
any changes that aie induced, that is, long- 
tenn memory as a function of age We mav 
deal with these questions in teims of phvsio- 
logical oi behavioial categories 

Many of the theoietical positions attempt- 
ing to deal with the fiist question have been 
descriptive m the sense that they have speci- 
fied penods cntical for certain types of stor- 
age on the basis of direct (oi mdnect) data 
rather than on the basis of any postulated de- 
velopmental piopeities Most psychoanalytic 
theories on early experience effects belong 
to this category m that they hypothesize the 
seriatim appearance of different "stages” dur- 
ing which envnonmental events imposed on 
the organism may be expected to have cer- 
tain specific outcomes Thus during the oral 
stage, matters pertaining to the mouth, the 
ingestion of food, or biting, have a special 
importance for determining ceitam aspects 
of peisonality The ages at which these stages 
are located can only be loosely specified and, 
indeed, their occurrence and natuie aie based 
only on casual kinds of empirical data Never- 
theless, they accord geneiallv with common 
sense and have appaiently proved useful 
within the fiamework of practical psycho- 
analytic treatment Within the framework of 
science, they must be regarded as having 
uncertain status, but the general underlying 
idea behind them — the proposition that the 
organism is constituted diffeiently at different 
ages and therefore susceptible to certain kinds 
of influence and not otheis — is an entnely 
credible one 

This notion has, of course, had wide favoi 
in the liteiature dealing with development in 
animals Its most popular application has been 
in connection with the age at which social 
attachments are just made — m particular, in 
the mattei of imprinting m avian species, As 
we have indicated, Lorenz (1935) conceived 
of a very brief period — perhaps a few hours 


duiation m ducks, geese, and chicks — during 
which a veiy rapid, one-trial learning occuned, 
this having lneveisible consequences How- 
evei, neithei Loienz noi othei workers 
of similar pel suasion have stated why this 
tvpe of learning is most salient at this time 
as opposed to other ages, oi why it should 
have such permanent effects The implica- 
tion has been that (1) before this time 
neithei the motoi noi sensoiy svstem is ma- 
tui e enough to allow retention of such in- 
formation, and (2) events occumng fiist will 
exert a much greatei influence than events 
occumng later — a pnmacy hvpothesis The 
fiist of these ideas has been stated formally 
by Hess (1959) m a model which we have 
already discussed Whatevei its empirical 
validity — and it does appear to have some — 
his model has consideiable ment m that it 
makes an explicit attempt to go beyond a 
simple descnptive definition of the sensitive 
penod and, instead, to specify those develop- 
mental variables that should make a certain 
age cntical for certain types of storage 
Another worker who has attempted to 
search for mechanisms underlying so-called 
initial periods has been Margaret Vince 
(1959, 1960) From her studies of learning 
m juveniles of several species, she has ob- 
tained data suggesting that young birds are 
more highly motivated m the sense that they 
lespond with more vigor both to familiar and 
slightly unfamiliar objects However, they 
show less ability to inhibit responses which 
are not rewarded Vince interpreted this to 
mean that “internal inhibition,” in the Pavlo- 
vian use of the term, becomes more "stable” 
with age up to a point, beyond which it starts 
to decline again A summary of her results is 
presented in Fig 14 Admittedly, these data 
are difficult to interpret, but they do suggest 
that a research focus on inhibitory processes 
may contribute much to our understanding of 
critical penods m development 

Extensive use of the critical period con- 
cept has been made by Scott and his co- 
workers at Jackson Laboratory, Bar Harbor 
The stages of development as he has outlined 
them for dogs aie summanzed in Table 4 
(Scott, 1962) together with those educed by 
Nice (1943) for the song sparrow It should 
be emphasized that both these schemes are 
based not on any theoretical notions about 
the nature of development, but rather on em- 
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Fig, 14 Positive responsiveness and internal inhibition in some avian species as a function of age 
( Vince, I960,) 


pineal data, particularly those relating to so- 
cialization We have already discussed a sam- 
ple of the extensive work done on this prob- 
lem by Scott and his colleagues 
We should note, at this point, that not all 
workers have found the critical period con- 
cept to be useful m dealing with early ex- 
perience effects Schneirla and Rosenblatt 
(1963), in particular, have felt that its accept- 
ance implies a nativism not m line with the 


facts about development Their work on kit- 
ten behavior has suggested that the emer- 
gence of various patterns of behavior at certain 
ages depends not only on maturational factors 
but also strongly on factors of learning and 
experience that have gone on before — partic- 
ularly those occurring as a result of highly 
standardized situations, for example, the fe- 
male litter situation Thus the apparent fixity 
of developmental sequences is derivable from 


Table 4 Periods of Development for the Dog and the Song Sparrow 



Puppy 


Song Sparrow 


Name of Period 

Length 

of 

Period 

(weeks) 

Initial 

Event 

Name of Period 

Length 

of 

Period 
( days ) 

Initial 

Event 

I Neonatal 

0-2 

Birth, 

nursing 

Stage 1 
(nestling) 

0-4 

Hatching, gapmg 

II Transition 

2-3 

Eyes open 

Stage 2 

5-6 

Eyes open 

III Socialization 

3-10 

Startle to 
sound 

Stage 3 

7-9 

Cowering-— first 
fear reactions 




Stage 4 
(fledgling) 

10-16 

Leaving nest — 
first flight 




Stage 5 

17-28 

Full flight 

IV, Juvenile 

10- 

Final 

weaning 

Stage 6 
(juvenile) 

29- 

Independent 

feeding 
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both environmental and genetic factors work- 
ing together rather than from genetic factors 
alone This point of view, as Scott (1963) 
has pointed out, is not by any means com- 
pletely antithetical to the critical period no- 
tion Nonetheless, its emphasis on the im- 
portance of learning is certainly a useful one 
Another theory we have previously men- 
tioned dealing '•with formation of early social 
attachments but not involving the idea of 
critical periods has been presented by Cairns 
(1966b) This is directed mainly to explain- 
ing the data on lower mammals but presum- 
ably has applicability to human infants as 
well Starting from an Estes-type of position, 
the theory proposes that any object or class 
of objects that appears frequently m com- 
bination with other environmental oi organ- 
ismal events comes to have importance in 
maintaining a variety of mamtenance behav- 
iors such as ingesting and sleeping The 
presence of the object then comes to be nec- 
essary for the stability of such response sys- 
tems, its absence produces disruption of such 
responses The greater probability of animate 
rather than inanimate objects figuring m 
such "attachments” is attributed to their 
greater salience and attention-getting charac- 
teristics As Cairns suggests, the methodology 
implied by the model involves detailed analy- 
sis of the reciprocal behaviors involved m so- 
cial attachments and focusing on approach 
and withdrawal responses rather than on 
general state variables such as emotionality 
and temperament Cairns has initiated a 
piogram of work along these lines and deals 
in two papers (Cairns and Johnson, 1965, 
Cairns, 1966a) with the consequences of so- 
cial attachment formation within and between 
species (lambs and dogs) 1 
Two other models dealing with the effects 
of early experience have slightly different 
orientations Brookshire, Littman, and Stewart 
( 1961 ) , on the basis of a study on the effects 
of early trauma m rats, have put forward a 
three-factor theory according to which an 
early experience may have three kinds of 
residual a ‘ pure-shock effect,” acquned fear,” 
and "instrumental-habit ” Piesumably the sali- 
ence of each of these in determining of the 
type outcome of a trauma will depend on the 
age at which the trauma occurs However, the 
authors did not concern themselves directly 
with any relevant dimensions of development, 


and hence were not able to relate their three 
types of residua to any particular critical ages 
In spite of this lack, the model is an interest- 
ing one and has considerable heuristic value 
Denenberg (1964) has formulated a model 
specifically to deal with the quantitative rela- 
tion between amount of early stimulation and 
ensuing changes m emotionality He has pos- 
tulated, first, a monotonic relation between the 
two variables such that the greater the degree 
of stimulation, the less emotional the animal 
Such a proposition initially appears to contra- 
dict the large amount of data showmg bidi- 
rectional changes m treated animals Denen- 
berg has explained these by reference to the 
Yerkes-Dodson effect, suggesting that per- 
formance on a task will be a function of level 
of motivation (or emotionality) and degree 
of task complexity The situation is diagramed 
m Fig 15 What it means, essentially, is that 
depending on the nature of the task, a certain 
range of early stimulation can produce in- 
creasing or decreasing linear or bidirectional 
effects Such a conclusion certainly makes a 
good deal of sense However, the logic of the 
initial postulate seems questionable It makes 
little sense to suppose that severe traumatic 
shock imposed on a very young animal is go- 
ing to result m extreme docility In fact, al- 
most the opposite point of view has been 
consideied quite plausible by Salama and 
Hunt (1964) The matter probably will only 
be settled when those theorizing about the 
relation in question can agree on adequate 
operational definition of the variables involved 



Emotional reactivity in adulthood 

Fig, 15 Theoretical relationship between adult 
performance and level of emotionality for tasks of 
varying degrees of difficulty (Denenberg, 1964 ) 
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Input 



Age 

(a) 



(b) 

Fig 16 (a) Input and output differentiation as 

a function of age (b) Storage mechanisms sa- 
lient at different ages, as predicted from a 
(Thompson, 1966 ) 

The next schema to be consideied is one 
that has been proposed by Thompson (1966, 
1968) Its starting point is the developmental 
dimension of diffeientiation This is considered 
to increase with age both on the input or sen- 
sory and output or motor sides, but it in- 
creases more rapidly m the case of the foimei, 
as schematized m Fig 16 Thus an oigamsm, 
as it gets older, becomes capable of making 
finer and finer discriminations and also be- 
comes capable of making more precise and 
articulated responses to these discnminanda 
Now learning or stoiage may be legaided as 
an association made between an input and an 
output, that is, an $-R bond Consequently, 
the model states that some kinds of learning 
will be more probable at ceitam ages than at 
Qtheis At a very young age, it will be undif- 
ferentiated input-undifferentiated output, at 
a somewhat later age, differentiated input- 


undifferentiated output, and still later, differ- 
entiated mput-diffeientiated output These 
thiee types of storage are considered to coi- 
respond, respectively, to habituation-sensitiza- 
tion, classical oi emotional conditioning, and 
instrumental or opeiant learning It will be 
noted also that these categories are very simi- 
lar to those suggested by Brookshire et al 
(1961) lefened to previously However, they 
are derived directly from an application of a 
developmental dimension rather than a priori 
oi empirically and could have been specified 
without the aid of any of the nomenclature 
of learning theory 

The author has further suggested that 
there must then exist three major develop- 
mental periods of age-zones, during each of 
which any given experience will have certain 
special outcomes according to the learning in- 
volved These age-zones are described as fol- 
lows 

1 The “temperament adaptation zone "Dur- 
ing this time the organism, through the pro- 
cesses of habituation and sensitization, learns 
a chaiactenstic level and range of responsive- 
ness — not to any particular cues, but to the 
environment m general Hence the category 
“temperament” seems most able to encompass 
the kinds of behavioral effects produced 

2 The “affective-meaning zone” Since in- 
put is relatively diffeientiated at this time (by 
definition), the organism can learn to respond 
to cues — but only in an undifferentiated man- 
ner Storage that occurs under these conditions 
would seem to relate most closely to classical 
or emotional conditioning — that is, the attach- 
ment of emotional responses, positive or nega- 
tive, to specific cues or cue categories This 
period should be characterized by the forma- 
tion of social attachments, of likes, dislikes, 
and so forth 

3 The “mstiumental-meaning zone” Dur- 
ing the third age zone, response differentia- 
tion becomes relatively high, thus resulting 
m the domination of storage by means of m- 
stiumental learning The young organism no 
longer merely reacts to the world passively 
but can now commence to cope with it by 
means of specific, well coordinated acts 

These three stages or age zones may relate 
to age m a somewhat variable manner, de- 
pending on environmental factors and also on 
the genotype of the species involved How- 
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ever, if the postulates concerning diffeientia- 
tion and its 1 elation and development are 
correct, their older of occunence should be 
invariant The approach is thus epigenetic m 
the sense that the influences of both environ- 
ment and motivational factois are lecogmzed 

This model and the otheis we have con- 
sideied, howevei, provide little information 
concerning the importance of eaily environ- 
mental events It seems commonsensible, as 
we have already suggested, to suppose that 
young oigamsms are m some sense more plas- 
tic and therefore register the contingencies of 
envnonment with more permanence than do 
older animals Howevei , it must also be recog- 
nized that notions like plasticity, liability and 
the like aie not only vague in charactei but 
also double-edged m the sense that they im- 
ply not only ease of entry of information but 
also perhaps the equal ease of loss of it The 
senior authoi has hypothesized that, whatever 
the empirical data may finally show, the de- 
velopmental dimension of giowth is probably 
relevant to the problem under consideration 
Giowth was defined earlier m terms of incre- 
ments in the quantity of the system or of the 
subsystems that make it up that occur directlv 
as a function of age Such increments may be 
taken to represent an increasing redundancy, 
which might be expected to affect the buffei- 
mg characteristics of an oigamsm We might 
expect that a less redundant (and hence less 
well buffered) system would be moie sensi- 
tive to the impact of some environmental 
event than one more strongly buffered, that 
is to say, it would be more strongly and per- 
manently changed by anv given earlv experi- 
ence However, whether anv diffeiences 
should imply more permanence of effects on 
the pait of the less buffered cannot easily be 
decided bv logical analysis The important 
collection of essays edited by Wolstenholme 
and O'Connor (1961) deals dnectly with this 
problem, but the data cited bv the various 
authors of those essays fail to vield anv very 
clear-cut solution 

Granting, however, that such concepts as 
plasticity, lability, and buffering may have 
some value m formulating broad hypotheses 
concerning the importance of earlv experi- 
ences, we must recognize that it is also pos- 
sible to deal with the same problem in a moie 
economical manner without involving anv 
special properties that may accrue to young 


as opposed to more matui e systems Develop- 
ment is probably stochastic in the bioad sense 
that the effect of any event occun mg at a cer- 
tain moment is influenced bv whatevei pie- 
ceded it m time, either immediately 01 le- 
motely This should mean that any changes 
exeited on an oigamsm veiy early m its life, 
provided they are retained foi at least a short 
tune, should have a dispioportionately larger 
influence than events occurring at an older 
age To give a simple example, a paient may 
designate his child who accidentally knocks 
over a glass of milk as “clumsy” This may 
set up m the child's mind an initial accept- 
ance of the attribution of the trait to himself, 
which makes more likely the acceptance of 
it whenever a comparable situation again 
anses 

The most explicit statement of this kind of 
hvpothesis has been made by Campbell and 
Jaynes (1966) mthen “reinstatement” theory 
The model starts fiom the findings of Camp- 
bell and others showing that the long-term 
retention of conditioned avoidance responses 
is, if anything, less stable m weanling as com- 
pared with adult rats (see Campbell, 1967) 
If we accept this conclusion that the isolated 
memory tiace is so impel manent m young 
organisms, then we must account m some 
other way for the commonsense-based ‘Tact” 
that eaily experience is impoitant The rein- 
statement notion attempts to do this by ap- 
pealing essentially to the stochastic nature of 
development to which we have already re- 
ferred Thus it postulates that any given ex- 
perience in early life will be retained provided 
only that it is reinstated m a minimal way at 
intervals In this manner, it can be main- 
tained at full strength for an indefinite time 
Campbell and Jaynes (1966) present data 
purporting to show this They compared mem- 
orv of a conditioned avoidance response m 
three groups of animals One group received 
at 25 days of age an initial trauma consisting of 
a number of shocks m a black box, plus three 
further reinstatement exposuies to the situa- 
tion, a second received the original trauma 
only, and a thud received only the reinstate- 
ment trials All gioups were tested for avoid- 
ance of the black side in a black-white choice 
box The first group showed, over a 30-mm 
trial, significantly greater avoidance of the 
relevant cue This rather neat experiment 
nevertheless has a number of flaws (I) it 
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did not involve any adult control groups, (2) 
the response involved was a lelatively com- 
plex one, possibly involving a number of com- 
ponents perhaps differentially susceptible to 
early manipulation, (3) the first gioup re- 
ceived more training trials than the other two 
groups, regardless of how these were spread 
out m time In view of these difficulties the 
paradigm study cannot be regarded as having 
supplied a very firm basis for the lemstate- 
ment model At the same time, both the 
general ideas put forward by Campbell and 
Jaynes and their mode of empirical attack are 
exceedingly interesting and certainly deserve 
to be followed up 

Very few attempts have been made to foi- 
mulate precise physiological theories about 
the effects of early experience Bovard (1958) 
suggested that early stimulation acts as a 
stressoi, having the effect of reducing pitui- 
tary-adrenal and sympathetico-adrenal me- 
dulla responsiveness to later stress More 
centrally, the amygdaloid complex and the 
hypothalamus would also be involved Such a 
notion has received support especially from 
the work of Levine (1961) and makes a good 
deal of intuitive sense At the same time, it is 
very programmatic in scope and hardly sug- 
gests specific hypotheses that can be precisely 
tested 

The theones we have just discussed are 
broad enough to encompass both human and 
animal data, although we have focused mainly 
on the latter Points of view geared specifi- 
cally to human young, apart from those emerg- 
ing from the psychoanalytic framework, are 
few and far between Seveial have been men- 
tioned m the sections on studies of children 
Bowlby (1957, 1958) presented a theory to 
account specifically for mother-child attach- 
ments and the effects of disturbing these by 
separation His model combines a psychoan- 
alytic and an ethological approach Specifi- 
cally, he suggested that the close relation be- 
tween mother and child emerges out of a 
number of unlearned behaviors — sucking, 
clinging, and following — each of which ma- 
tures at different times during development 
Some acts such as crying and smiling on the 
part of the baby activate or release various 
maternal behaviors Such a point of view has 
considerable value in its emphasis on biolog- 
ically based variables important to social re- 
lationships in human bemgs, 


A second suggestion we consider to be use- 
ful was that made by Casler (1961) m his 
review of the literature on early experience 
He pointed out that almost all studies done 
on this problem have confounded two kinds 
of variables These are perceptual or sensory 
deprivation and maternal deprivation The 
first relates to insufficient amounts oi variety 
of inputs, the second, on the other hand, cov- 
ers the breaking of an already formed attach- 
ment between a mother and a child with all 
the affective consequences that this implies 
Thompson (1958, I960) and Schaffer (1958) 
have also made this kind of distinction, as 
noted by Casler (1961) Further, Schaffer has 
suggested that perceptual depnvation prob- 
ably has effects up to about 7 months of age, 
whereas maternal deprivation comes to be im- 
portant some time after this age He and Cal- 
lender (1959), on the basis of data gathered 
on 76 infants hospitalized between 3 and 51 
weeks, were able to educe two major types 
of syndromes One of these was “global” m 
nature and was characterized by an “unfoc- 
used inspection of surroundings ” The other, 
which they called “overdependent,” involved 
strong tendencies to demand maternal atten- 
tion The first was associated with hospital- 
ization during the first half-year, the second 
with hospitalization occurring aftei this age 
The refinement of these notions suggested by 
Schaffer and Emerson (1964) has already 
been discussed and need not be reviewed 
here m detail It should be noted that these 
authors use the “stage” concept, their formu- 
lation being based essentially on the increas- 
ing capacity of an infant to discriminate 
objects — animate and inanimate — in his en- 
vironment They do not deal very clearly, 
however, as Cairns has tried to do, with the 
reasons why actual social attachments come 
about, as distinct from specifymg with what 
objects — animate and inanimate — in his en- 
deal explicitly with the importance of early 
social relations as possibly piovidmg “rules” 
for later behavior 

The preceding survey of theoretical devel- 
opments concerning the early experience prob- 
lem indicates fairly clearly that work in this 
area has been heavily oriented toward the 
amassing of empirical data Even those mod- 
els that are available are very programmatic 
m style and provide only broad guidelines 
for researchers There are signs, however, that 
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theorizing is on the mciease, and befoie long 
the major issues will come to be more sharply 
defined than they have been up to now 

Conclusions 

This chapter has attempted to review the 
salient lines of empirical and theoretical work 
done on the problem of early experience It 
is clear that the area involves a number of 
quite diveise convergent traditions out of 
which have come a large volume of studies 
but little m the way of pi unary models that 
can effectively order the data available 01 
supply to the field the kind of unity and theo- 
letical mtegnty it needs The chief reason foi 
this appeals to be that too little attention has 
been paid to analysis and definition of the 
nature of the basic dimension involved — de- 
velopment We have pointed out, m agree- 
ment with Ziglei (1963) and Wohlwill 
(1964), that age is not an expenmentally 
mampulable variable and, m itself, is empty 
of any real psychological meaning It is, how- 
ever, a vanable that is correlated with many 
other changes which do directly affect behav- 
ior These include both genetics and environ- 
mental factors working m conjunction To- 
gether they constitute what we ordinarily 
mean by the term development, and the pas- 
sage of time, represented by age, gives them 
a chance to operate m psychologically signif- 
icant ways Thus the expression of certain 
genes may be so timed that certain types of 
behavior and certain capacities for discrimina- 
tion and for articulated response will emerge 
at particular times Similarly, between one 
age and a subsequent one, various environ- 
mental events may produce either regularities 
or irregularities in behavior Thus a rat at the 
age of, say, 90 days, may be expected to re- 
spond m certain ways to an open-field situa- 
tion not only because of the maturational 
processes that have gone on up to that age 
but also because it has been reared in a cage, 
exposed to a certain hght-daik cycle, fed cer- 
tain food, and so forth 

It is true that these two sets of variables 
are veiy difficult to unconfound and also verv 
difficult to manipulate m the first instance 
Certainly, we can vary envnonmental tieat- 
ment given to some subjects but we can not 
do this without altering the rate of various 
developmental processes Nor can we vary 


duration of a treatment independently of the 
maturational processes that have also been 
going on 

As a consequence, the study of develop- 
ment involves special problems that need not 
trouble much of the rest of experimental psy- 
chology, dealing as it does with short-term 
effects of different mampulable variables on 
adult behavior As Wohlwill (1964) has 
pointed out in an incisive review of the prob- 
lem, many psychologists have felt that the 
study of development cannot really be re- 
garded as a primary field in the same sense 
that such areas as learning or perception can 
be Admittedly, it will be difficult if not impos- 
sible to disentangle maturational from envi- 
ronmental variables Yet this does not mean 
that regularities m development cannot be 
found, and we do not have to be committed 
to a preformist position to suppose that they 
can (Wohlwill, 1964) Indeed, the work of 
Schneirla and his colleagues on cats and kit- 
tens (Schneirla et al , 1963), focusing as it 
does on uniformities produced both by ge- 
netic and environmental factors m interaction, 
represents a good case m point 

At the same time, it is clearly necessary 
that the concept of development be expli- 
cated considerably further We have suggested 
the kinds of dimension that it must involve, 
for example, differentiation, growth, and or- 
ganization These have so far not had great 
heuristic value, but this is not to say they 
might not have were they analyzed m a care- 
ful operational maner It will be particularly 
desirable to find for them meanings that are 
more than merely descriptive but are com- 
patible with a genuine experimental frame- 
work The attempt made by the senior author 
(Thompson, 1966) to distinguish input from 
output differentiation represents perhaps a 
step in this direction, since it does give to the 
term an S-R orientation How empirically use- 
ful this will turn out to be remains to be seen 

Our review of the work done on early ex- 
perience, both on the level of humans and on 
lower animals, indicates clearlv that the prob- 
lem is a verv viable one, but equally it shows 
the strong need for more theorizing and a 
closer liaison between what we have desig- 
nated as the normative-descriptive and ex- 
penmental-piedictive orientations Thus while 
it mav be obvious from the laige number of 
studies earned out that early experience is 
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important, it is less obvious how 01 why this 
should be so To compiehend this bioad 
statement m moie pi ecise and articulated 
terms, we will have to undei stand moie thoi- 
oughly just what eaily expenence is and what 
we imply by the term important This task 
will, m turn, require theonzmg of the kind 
already suggested 

On the whole, the animal and human data 
fit well together Indeed, we might say that 
then compatibility is greatei than it is m most 
fields, perhaps because the divergence be- 
tween man and lower species is least dui mg 
the earliest stages of development The con- 
structs needed to descube processes of verbal 
learning and memory stoiage aie very diffei- 
ent from those used to describe classical con- 
ditioning m a dog But those needed to de- 
scibe those psychological functions appearmg 
m a human infant may also prove to be useful 
for dealing with the behavior of a newborn 
kitten or even a rat 


The various theontical models we have re- 
viewed, though they can hardly match in 
sophistication and power those elaborated m 
some othei aieas of psychology, do suggest 
that this may be so Consequently, we may 
well have, m the area of early experience 
work, a unique opportunity to provide some 
very basic principles that will exert a unifying 
effect on many disparate sectois of the whole 
field of psychology between the normative 
and experimental onentation, between human 
and animal studies, between a heieditarian 
as against environmental orientation, and be- 
tween clinically oriented and geneial psychol- 
ogy The fact of development is a fundamen- 
tal feature of all living forms of life From 
the simplest plant form to man, all of them 
have a starting point, grow up, and, m some 
sense, die Attention to this basic commonal- 
ity can be expected to piovide uch dividends 
for the progress of psychology as a whole 
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8. The Learning Theory Tradition and Child Psychology 

SHELDON H WHITE 


So, when on one side you hoist in Locke’s head, you go over that way, 
but now, on the other side, hoist m Kant’s and you come back again, but 
m very poor plight Thus, some minds for ever keep trimming boat Oh, 
ye foolish! Throw all these thunderheads overboard, and then you will float 
light and right ” 

Moby Dick , Herman Melville 

“Every psychological explanation comes sooner or later to lean either on 
biology or on logic (or on sociology, but this in turn leads to the same 
alternatives) ’’ 

The Psychology of Intelligence , Jean Piaget 


The most significant programmatic ap- 
proach of American psychology, the stimulus- 
response tradition, still remains an identifiable 
approach among psychologists who study 
children Among child psychologists, as among 
psychologists m general, it is a waning tradi- 
tion, we are m the midst of what Hebb 
(1960) has described as the second American 
revolution The first Amencan revolution over- 
threw introspection, the Psychology of Con- 
sciousness, and Titchenenan structuralism, it 
established stimulus-response analysis, the 
Psychology of Behavior, and the learning 
theories It took a long time to happen We 
sometimes describe Watson's 1913 paper, 
“Psychology as the Behavionst Views It,” as 
both the opening gun and the decisive ideo- 
logical stroke of the revolution, but it seems 
, more reasonable to view the changeover as 
something that took an academic generation 
to complete itself, 

For Amencan psychologists, the case for 
behaviorism must have been an argument-in- 
being as early as Dewey's attack on the reflex 
aic in 1896, the case for Structuralism must 
have been an argument-in-being as late as 


1933, when Boring published his Physical 
Dimensions of Consciousness Perhaps the 
slow entry of behavionsm required a period 
during which young blood gradually sup- 
planted an older generation Perhaps there 
was a little more to the slowness than that 
At this distance, it seems clear that the turn 
to a stimulus-response psychology was not as 
revolutionary as it seemed and that it basi- 
cally was a reissmng of Psychology’s tradi- 
tional interest m central processes on a new 
scientific platform A new platform seemed 
necessary at the turn of the century because 
the then-traditional program of Psychology 
had been built to accept introspective analyses 
of consciousness, and this platform could not 
accommodate data not cast in the form of 
decompositions of conscious material Thorn- 
dike and Pavlov on comparative psychology, 
Freud on abnormal psychology, Hall on child 
study, Bmet on psychometrics 

It took time for the nght compromise to be 
worked out, It took time to try to consider 
the possibility of a psychology of animal con- 
sciousness (Washburn, 1908, Judd, 1910), for 
Thorndike (1913) to reject the hypothesis of 
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ideomotor action, and, finally, foi Tolman 
(1922a, 1922b, 1923, 1925, 1926, 1927, 
1932) to develop a senes of translations and, 
ultimately, “opeiational definitions” to per- 
suade many that the intei ests of a mentalistic 
psychology could be located, and worked 
with, m the behavior of a laboratory rat 

If one may judge by the course of the first 
revolution, the second will take time We 
seem light now to be woiking toward a kind 
of cognitive functionalism based on a progres- 
sive alignment of the guesswork of psychology 
and neuiophysiology Function words — 
“shoit-teim memory,” “arousal,” “concrete 
operations,” “pleasure centers,” “analysis-by- 
synthesis,” “feature detectors,” “mediation,” 
“onentmg-exploratoi y behavior” — are pro- 
posed on the one side from behavior analysis 
and on the other from neuiophysiological 
analysis, with each side trying to come to 
terms with the function that the othei pro- 
poses These functions are then arranged into 
schemes which are speculative models of cen- 
tral processing mechanisms There is a frank 
intei est m hypothetical constructs, m the con- 
ceptual nervous system, and m thinking (The 
issue and reissue of books about thinking 
shows such an increase m operant rate as to 
suggest that someone, somewhere, is rein- 
foicmg the woid — Thinking by Bartlett 
[1962] and Thinking by Humphrey [1963], 
The Psychology of Thinking by Vmacke 
[1952], Thought and Language by Vygotsky 
[1962], A Study of Thinking by Bruner, 
Goodnow, and Austin [1962], Thinking From 
Association to Gestalt by Mandler and Man- 
dler [1964], Modes of Thinking in Young 
Children by Wallach and Kogan [1965] ) 

The learning theory tradition bnngs into 
child psychology emphases which aie not con- 
stant but which show some of the effects of 
this evolutionary process After all, a good 
part of the revolution was generated out of 
the tiadition itself As Hunt noted a few years 
ago 

It can be said that stimulus-iesponse meth- 
odology has been undoing stimulus-response 
theory Or, at any rate, stimulus-response 
method has produced evidence that has de- 
manded so much revision m stimulus-response 
theory that the new theory has few resem- 
blances to the one which originally went by 
that name , (Hunt, 1961, p. 8) 


Although the learning theory tradition is still 
a viable intellectual force among psychol- 
ogists, still discussed and taught to students, 
there has been a significant alteiation m the 
pattern of research activities built upon it 
Papers devoted to basic research, or to de- 
velopment or analysis of the learning theories, 
have shown a marked decline — a comparison 
of the journals of today with those of a decade 
ago will show this At the same time, the 
stimulus-iesponse tradition shows an intensi- 
fication of effort m what were once its fnnge 
areas — analysis of social and clinical psycho- 
logical phenomena, behavior therapy, and be- 
havior engineering It is this changing pattern 
of stimulus-response studies, a body of re- 
search activity floating free of its theoretical 
core, which has in recent years come to im- 
pinge upon child psychology 

Other approaches to child psychology, with 
which the tradition is necessarily m interac- 
tion, are themselves changed from what they 
were Under the sway of one of the strongest 
of the revolutionary foices, Piaget, they have 
become significantly more ideological — recep- 
tive not only to Piaget, but to Werner, to the 
psychohnguistics-cum-nativism inspired by 
Chomsky, to ethology, and to the Russian 
scheme It is not tiue today, as it once seemed 
to be, that the S-R psychologists alone offered 
an organized theoretical program to a body 
of child psychologists largely interested m 
norms rather than theory, largely interested 
in the issues of social adjustment rather than 
the issues of psychological analysis Within 
child psychology, the confrontation is now 
with alternative and seemingly worthwhile 
conceptions of theory, of usable data, and of 
the learning and problem-solving processes 
themselves 

We are not concerned here to discuss the 
learning theories themselves Most psychol- 
ogists know something about them, they have 
been summarized well elsewhere (Hilgard and 
Bower, 1966, Koch, 1959), they are not ger- 
mane to child psychology, strictly speaking 
The learning theories were not designed to 
accommodate the data of children's learning, 
and it is only by making some assumptions 
that one can connect them to such data,m a 
general sort of way. What has been brought to 
child psychology is a surrounding pattern of 
analyses, an understructure and a superstruc- 
ture The undei structure, or pretheory, seems 
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most clearly visible m historical examination 
The superstructure is made up of a set of 
speculative analyses, or interventive programs, 
which carries the S-R approach to topics m 
cognition, social and clinical psychology, edu- 
cation, psychotherapy, or apphed psychology 
To encompass these, our discussion will 
sample the range of such activities being un- 
dertaken with childien today 

Prominent among the sources of the Amer- 
ican S-R tradition was the work of Ivan 
Pavlov From the early decades of this cen- 
tury until quite recently, the American be- 
havioristic tradition and Russian leflexology 
coexisted apart from one another — both de- 
scendants of Pavlov, but each working 
through the issues posed by Pavlov m diverg- 
ing ways About a decade ago, American psy- 
chologists leestablished contact with the 
Russian work, at first through some significant 
secondary sources (Razran, 1961, Berlyne, 
1960) and then through translations and more 
extended reviews (e g , Luna, 1960, 1961, 
1966a, 1966b, 1968, Sokolov, 1963, Vygotsky, 
1962, Zeigamik, 1965, Uznadze, 1966, Pevz- 
ner, 1961, Konorski, 1967, Bernstein, 1967, 
O’Connor, 1961, Lynn, 1966) 

While Soviet psychology has not developed 
the range of activities characteristic of Amer- 
ican psychology — because, for one thing, the 
Russians subdivide psychological research dif- 
ferently among the specialties of physiol- 
ogy# psychology, and pedagogy (Brackbill, 
1960) — it has developed an interestingly di- 
vergent set of analyses of the problems of 
learning and adaptation toward which both 
Russians and Americans were pointed by 
Pavlov More neurological than the American 
S-R approach, Russian reflexology has kept 
alive an interplay between neurophysiology 
and psychology Where the Americans have 
placed intervening variables between the 
stimulus and the response, the Russians have 
placed hypothetical constructs This does 
make a difference m practice, m spite of m- 
pnnciple arguments to the contrary The 
Americans begin things with stimuli, hypo- 
thetical start buttons which defy exact em- 
pirical definition The Russians, aware that 
there is as much efference as afference to the 
intake of experience, have been concerned to 
analyze out mechanisms — the orienting reflex, 
onentmg-mvestigatory behavior — which are 
likely to be important factors in the definition 


of the stimulus The Americans have popu- 
lated the innards of the organism with logi- 
cisms, if-then winng which sometimes prolif- 
erates into complex skeins of logical or math- 
ematical central hypotheses (eg, Berlyne, 
1965) The Russian conceptions of central 
processing have employed more complex 
physicalistic metaphois, which often are frag- 
mentary and vague These divergences m the 
Russian and American S-R traditions have led 
to significantly different approaches to learn- 
ing and cognitive development Today, certain 
contrasts between Russian work and American 
work seem to suggest some of the less obvious 
assumptions and goals built into the learning 
theory tradition We will later be concerned 
with such contrasts 

BEHAVIORISM AND GENETIC 
PSYCHOLOGY THE FIRST 
CONFRONTATION 

It seems worthwhile to begin by asking why 
the stimulus-response tradition came so late 
to child psychology S-R analyses of childrens 
behavior did not become really prominent oi 
widespread m American psychology until the 
middle 1950s Yet, for several decades before 
this, the learning theones had been over- 
whelmingly m the center of theoretical efforts 
m psychology, coexisting with a sizable estab- 
lishment of child psychologists who took no 
substantial guidance from them 

The anomaly is a little more surprising be- 
cause John B, Watson had specifically made 
child psychology the mtended center of his 
behavioristic reform In 1917, Watson was 
awarded $100 by the Committee on Grants 
for Research of the American Association for 
the Advancement of Science to allow him to 
study the development of reflexes and in- 
stincts m infants This was eight years after 
the first American description of Pavlov’s work 
(Yerkes and Morguhs, 1909) , four years after 
the declaration of Behaviorism (Watson, 
1913), four years after Hunter’s important 
comparisons of animals and infants (Hunter, 
1913), and coincident with the first American 
lesearch on conditioning — significantly, re- 
search employing children as subjects (Ma- 
teer, 1918) Watson did establish an infant 
laboratory and it bore fruit m some of the 
well-remembered documents of the Behavior- 
ist era Watson’s analysis of the emotions 
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(Watson, 1919), his conditioning of Albert 
(Watson and Rayner, 1920), and his sponsor- 
ship of an environmentalism based on condi- 
tioned reflexes (Watson, 1926) But the 
infant woik helped to promote a revolution in 
psychology at large while having curiously 
little lasting influence upon those psychol- 
ogists who studied children 

In a recent volume, Kuo ( 1967) , one of the 
earliest and most active behavionsts, regards 
this as a historical misfire 

In reviewing the history of the behavioristic 
movement one most important aspect has long 
been overlooked the ontogenetic implications 
These weie clear to me in the basic tenets 
of behaviorism, m Watsons own later interest 
m the behavior of human neonates, in the 
vigorous anti-mstmct campaign m the 1920’s, 
and m Watson's effort to catch up with 
the anti-mstmct trend An objective and un- 
biased historian of science should have been 
able in the late 1920's to forecast the future 
trend of development of the original Wat- 
soman behaviorism, namely, the ontogenetic 
approach to the study of animal behavior 
The studies of various aspects of the ontogeny 
of postnatal behavior after World War II 
must he regarded as a continuation of the 
1930's trend and partly as a silent (m most 
cases) protest against the rat-learning psy- 
chologists from Tolman to Hull, Skmner, and 
their followers, who seem to have deviated 
from the original tenets of Watsoman be- 
haviousm (Kuo, 1967, p 10) 

In this quotation, Kuo seems to underestimate 
the persistent drive of Watson (and Tolman 
and Hull and Skinner) to use animal studies 
as a vehicle for the mduect study of human 
behavior, Watson's own motives for the study 
of infant behavior were clear, he saw m such 
studies a vehicle for the reform of society 

The behaviorist has an axe to grind, you 
say, by being so emphatic? Yes, he has — he 
would like to see the presuppositions and as- 
sumptions that are blocking us m our efforts 
to spend millions of dollars and years of pa- 
tient research on infant psychology removed 
because then, and only then, can we build up 
a real psychology of mankind (Watson, 1926, 
P 11) 


Behaviorism ought to be a science that pre- 
pares men and women for understanding the 
principles of then own behavioi It ought 
to make men and women eager to reairange 
their own lives, and especially eager to pre- 
pare themselves to bring up their own chil- 
dren m a healthy way I wish I could picture 
for you what a uch and wonderful individual 
we should make of every healthy child if only 
we could let it shape itself properly and then 
provide for it a universe in which it could 
exerase that organization — a umverse un- 
shackled by legendary folk-lore of happenings 
thousands of years ago, unhampered by dis- 
graceful political history, free of foolish 
customs and conventions which have no sig- 
nificance m themselves, yet which hem the 
individual m like taut steel bands I am not 
asking for revolution, I am not asking people 
to go out to some God-forsaken place, form 
a colony, go naked and live a communal life, 
nor am I asking for a change to a diet of 
roots and herbs I am not asking for "free 
love" I am trying to dangle a stimulus m 
front of you, a verbal stimulus which, if 
acted upon, will gradually change this uni- 
verse Foi the universe will change if you 
bring up your children, not in the freedom 
of the libertine, but m behavioristic free- 
dom — a freedom which we cannot even pic- 
ture m words, so little do we know of it Will 
not these children, in turn, with then better 
ways of living and thinking, replace us as 
society and m turn bring up their children 
m a still more scientific way, until the world 
becomes a place fit for human habitation? 
(Watson, 1930, pp, 303-304) 

One wishes that Watson's faith m Be- 
haviorism might have worked out Watson's 
utopian behaviorism finds echoes m Skinner's 
writings m oui own day, but it was not the 
promise of social reform that initially won 
psychologists to the behavioristic cause Most 
psychologists seem to have bought a meth- 
odological behaviorism stripped of the ex- 
tremes of peripheralism, environmentalism, 
and utopianism espoused by Watson Prob- 
ably they bought it because it was crystallized 
into workable programs of scientific research 
and development by the various learning 
theorists, principally Tolman, Hull, and Skm- 
ner. 
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The Impact of the Learning Theories 

The learning-theory movement was a com- 
plex and many-faceted social movement 
within Psychology As is the case with any 
social movement, different individuals prob- 
ably went along with it with a variety of 
understandings, purposes, and configmations 
of consent What was the broadest basis of 
consent, the least disputed understanding and 
agreement among the users of the learning 
theories? It seems likely that most people went 
along with the learnmg theories because, first, 
they offered a peremptory though plausible 
solution to certain epistemological, metatheo- 
letical issues that were a plague and a puzzle 
to psychologists at the turn of the century 
and, second, because they presented a well- 
leasoned plan foi cooperative research to psy- 
chologists concerned to establish for their 
field a mutual, cumulative, scientific effort, 

Epistemology and Methatheory At the turn 
of the century, psychological writing was al- 
most buried m discussion Anyone disheart- 
ened by the routine “stamp collecting” 
research often found m current psychological 
journals should read the Psychological Re- 
views of the opening decades of this century 
to get a sense of a different boredom Theie 
is a tortuous obscurity to much of the writing, 
a ponderousness, as various authorities are 
compared and reconciled, as tiny psycholog- 
ical issues are sifted for hemidemisemiquavers 
of implication, as author after author weighs 
in with his own elaborate statement of posi- 
tion on the mind-body pioblem In the midst 
of this sea of dialogue, the modern reader 
can almost feel the relief as a modem piece 
of stamp collecting comes along — a close, 
careful natuialistic observation of animals 
(Watson, 1908), or an empirical investigation 
of handwriting analysis (Hull, 1919) 

Much of the obsessing was about a circle 
of interconnected issues having to do with 
epistemology, the mind-body problem, and 
the relationship between physics and psychol- 
ogy There was, on the one hand, a concern 
that these questions be settled adequately 
because they were fundamental for Psychol- 
ogy’s initiation of empirical inquiry and, on 
the other hand, an exasperation with all the 
disputing and a frequently voiced desire, ex- 
pressed by Titchener no less than Watson, 


that the problems of psychology be separated 
from the problems of philosophy Behaviorism 
and, subsequently, the learning theones of- 
fered a preemptive way out, and it was taken 

We are generally awaie of certain ideolog- 
ical elements which were put together m the 
construction of the learning theories Darwin- 
ism, Behaviorism, the connectionism of Thorn- 
dike, the reflexology of Pavlov, and the logical 
positivism of the Vienna Circle These con- 
tributed semifinished mgiedients to the system 
builders One important ingredient, a phys- 
lcahstic epistemology of “naive realism,” from 
which standpoint the mind-body issue could 
be dismissed as a pseudo problem, was a solu- 
tion to the problems so prominent at that 
time Today, living m a different ideological 
environment, we tend to underestimate the 
significance of that solution 

Cooperative Program Once it was settled 
that the psychologist might look easily at a 
world of objects and movements, there re- 
mained questions of how, and for what the 
examination should be dnected The ingredi- 
ents of the learnmg theories, woven into 
elaborated programs by the system builders, 
provided a justified agenda There was a vis- 
ion of reinforcement as a natural selection 
piocess in the environment which could select 
out adaptive animal behaviois — hence the 
justification foi an intensive examination of 
learning as a reinforcement process There 
were techniques for the study of learning on 
which the field could to some extent standard- 
ize because of the belief that such techniques 
got close to the basic and universal forms of 
learning Finally, there was an understanding 
of science as a process where empirical laws 
are collected to be organized into deductive 
theories, and there was a miscellany of papers 
designed to show that the S-R scheme under 
development could, in principle, be brought 
to a point where it might assimilate subtle 
or complex forms of human behavior (eg, 
Hull, 1930, 1938) — these offered a vision of 
future significance for senes of small-scale 
studies 

So much controversy of so many sorts has 
swirled about what learning theories could 
or could not do, their rightness or wrongness, 
that it is easy to miss one’s way as one tries 
to discuss their purposes. What seems clear 
and evidential, above all, is that the learnmg 
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theories provided a basis for the creation of 
a great volume of Amencan research work 
Filteung out the enthusiasms, the inadver- 
tences, and the stubbornnesses which cany 
opponents and proponents of a system to ex- 
tremes, the learning theory movement has 
probably not been widely accepted because 
its adheients have believed that (1) all hu- 
man beings are “nothing but” simple mechan- 
ical contrivances, (2) all human behavior is 
learned behavior, (3) the stimulus is cause 
and the response is effect The theories have 
had a thrust which leads m those directions, 
but foi every adherent who takes his theory 
“that far” there are others who do not How- 
evei, though individuals have not bought such 
aiguments m pi mciple, the theories have had 
a de facto influence channelling research m 
selected directions as though such principles 
were held A fairly clear case for this can be 
made with respect to the heredity-environ- 
ment issue (White, 1968a) 

In the view being advanced here, behavior- 
ism and the learning theories won the 
adherence of many because they found for 
Psychology a reasonable species of psycho- 
logical reality, and because they then laid 
down a paiadigm of cooperative research 
procedure which might search that reality 
with a hope of significant findings If one paid 
the price of the assumptions (thoughtful, in- 
telligent assumptions, articulated by some of 
the best minds of the field), one could stop 
the hair-splitting and the throat-clearmg and 
one could move into intensive scientific de- 
velopment It was not necessary, and it is 
unlikely, that all who adopted this paradigm 
were intuitively persuaded by the model of 
organismic behavior implied within it There 
is a statement by David Hume which goes, 
roughly, “If I had to live by my philosophy I 
would die within a week ” However, the col- 
lective wisdom of psychologists m this tradi- 
tion was inexorably formed by the model, 
journal articles traded information about S-R 
regularities, but the myriad of odd phenom- 
ena regularly turned up as by-products of S-R 
analyses — “set” effects, sensitization, habitua- 
tion, sensory preconditioning, expectancy ef- 
fects, etc — were either set aside or else 
attempts weie made to digest them into the 
S-R scheme 


The Genetic Tradition 

We have this strong force m the theoretical 
psychology of the eaily decades, specifically 
aimed toward child study by Watson, and it 
is difficult to find any clear influence m the 
child psychology of the era — some enhance- 
ment of the study of learning, occasional 
papers expressing antipathy for the S-R model 
of man, and sympathy foi opposing Gestalt 
arguments Others beside Watson brought 
animal procedures to child psychology with- 
out conspicuously attaching theoretical strings 
(eg, Wembndge and Gabel, 1919) The 
study of children's learning moved off at a 
modest pace, using techmques borrowed from 
the Ebbmghaus tradition and from compar- 
ative psychology, the learning construed m 
the less drastic and less committing stimulus- 
response psychology of Thorndike’s Educa- 
tional Psychology (1913-1914), the research 
material orgamzed — clustered would be a 
better word — only somewhat around issues of 
possible educational interest, such as massed 
versus distributed practice, or whole-part 
learning The learning processes were a minor 
interest m the child psychology of the 1930s 
and 1940s The first few volumes of Child 
Development from 1929 on place very little 
emphasis on learning work, parallel volumes 
of the Journal of Genetic Psychology contain 
a great deal of animal work but also show a 
steady, small, miscellaneous stream of papers 
on children’s learning 

Part of this disengagement of child psy- 
chologists from the learning theory movement 
might be attributed to a geneially pragmatic 
and undoctnnal style of this group, somewhat 
isolated from the mam body of psychologists 
and committed more to interdisciplinary ex- 
plorations Not only learning theory but also 
psychoanalysis was not caught up Systema- 
tists more indigenous to child psychology — 
Hall, Baldwin, Werner, the early Piaget — 
did not have a strong following It is common 
to heai descnptions of the child psychology 
of the 1930s and 1940s as an enterprise de- 
voted to atheoietical fact-gathering, and there 
seems to be some truth to that Probably, the 
geneial torpor and dilapidation of research m 
child psychology so frequently commented 
upon in the early 1950s — see the Annual Re- 
view entry on “Developmental Psychology” 
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by Barker (1951), and then successive 
years — reflects a kmd of entropy of puipose 
due to this disinclination to articulate theory 
and program 

However, one has the definite feeling that 
learning theory did not cross over to child 
psychology m the 1930s and 1940s because 
of factois more active than the disinclination 
to theorize However pragmatic and atheoret- 
lcal the child psychological literature might 
have appeared m contrast with other areas of 
psychology burgeoning with learning theories 
and personality theories, one did have a group 
of researchers who weie vigorous m generat- 
ing and trading lesearch information This im- 
plies a shared theory m some sense of the 
term Furthermore, the active period of the 
Child Development Movement in the 1930s 
coincided with the period when the learning 
theories were most actively under develop- 
ment m American psychology, when they 
were most exciting, and when it was most 
possible to be optimistic about possibilities 
This vigorous thrust might, perhaps, have 
been walled off by theoretical passivity, but 
it seems more likely that it was checked by 
the existence of another point of view which 
was antipathetic to it There are signs that a 
behef system with some mtegiity was main- 
tained among child psychologists without 
much overt rehearsal One might have called 
this behef system the "genetic point of view” 
at the turn of the century, and today one 
would be inclined to call it the "comparative- 
developmental point of view” — giving to 
Werner, rather than Piaget, the broadest con- 
temporary statement of the position if not the 
most penetrating use of it 

There is an intricate and interesting history 
to be traced here, which we shall discuss in 
outline form We are interested m why the 
learning theory tradition did not take root m 
child psychology m the 1920s and why it did 
m the 1950s The argument, so far, is that 
there existed a not-well-articulated genetic 
tradition which was vigorous enough to suc- 
cessfully oppose its assumptions m the first 
half of this century It is thus possible to look 
over that half century and argue, looking at 
the learning theory tradition, that Psychology 
has been too environmentalists m its assump- 
tions about human adaptation, or else, looking 
at the genetic tradition, that Psychology has 


been too hereditanan m its assumptions 
(Hunt, 1961) 

The genetic tradition arose from the specu- 
lations about human development formulated 
by the Evolutionists such as Spencer, Darwin, 
and Galton, and it has had a continuous in- 
fluence upon American psychologists For 
various reasons, the spokesmen who might 
have been prominent exemplifications of the 
position were not perfectly reputable in an 
era when American psychologists were con- 
cerned with the clarity and researchabihty 
of a theory Theie was Hall, who was entirely 
too poetic and whose Recapitulatiomsm, taken 
literally, could be disproved by empirical test 
(Grinder, 1967) There was Freud, who em- 
bedded his system in Wagnenan scenarios 
which almost disguised the fact that his theory 
of child development was another rendition of 
the genetic point of view And, a little later, 
there was Weiners Comparative Fsychology 
of Mental Development , whose influence is 
now growing but whose system for a long 
time seemed too loose and too philosophical 
for wide acceptance 

The transcription of the genetic point of 
view into a rigorous and tough-minded pro- 
gram for maintaining and containing research, 
always a central issue for American experi- 
mental psychologists, never took place, and 
has not yet taken place The dynamics of the 
position — its view of what forms the child — 
did dictate that one should be concerned to 
understand the detailed flow of normative 
ontogenesis of behavior, and that withm that 
framework one should be concerned about the 
potential for adjustment 

Certain interesting views of inquiry were 
opened up by the anthropometry of Galton, 
the norm-gathenng of Bmet and Henn in the 
1890s, and the questionnaires of G Stanley 
Hall Hall fostered these m the Child Study 
Movement, and for a time promulgated a 
covering evolutionary ideology (Hall, 1908), 
but his system shriveled after his death into 
a few catch-phrases remembered only m text- 
books about childhood and adolescence 
(Gnnder, 1967) The approach, if not the 
words of Hall must have been sustained to 
some extent in the Child Development Move- 
ment, where there are so many similarities 
There was the eclecticism, cross-disciphnary 
but centering m Psychology, there was the de- 
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votion to broad norm- gathering, there was the 
orientation to Education, there was a commit- 
ment to a geneticism which, faintly but firmly, 
kept alive the ideas of an innate hierarchy of 
talent, and the view of human development 
as a progression through maturatonal sched- 
ules Terman and Gesell, Hall's students at 
Clark, were bellwethers m the developmental 
psychology of the 1930s and 1940s Terman’s 
intei est m genius and stupidity was sustained 
from his earliest work as a student' m Hall's 
laboiatory (Terman, 1906) His work con- 
tinued a scientific extension of the intermix- 
ture of psychometry, anthropometry, and 
eugemc utopianism which motivated Su 
Francis Galton Gesell maintained interest 
in psychological embryology, acknowledging 
Hall’s influence and developing what would 
appear to be the sensible empirical core of 
his system 

Huxley was right when he msisted that the 
study of embryology subtends the entire life 
cycle The higher as well as lowei orders of 
behavioi were built by evolutionary processes, 
and they survive only thiough embryological 
(ontogenetic) processes however much they 
bear the final impiess of acculturation Learn- 
ing is essentially growth, and even creative 
behavior is dependent upon the same kind of 
neuronic giowth which fashions die capacities 
of the archaic motoi system, m utero and ex 
utero The performances of genius belong to 
a hierarchical continuum because there is only 
one physiology of development There is but 
one embryology of behavioi (Gesell, 1952, 
p 153) 

In brief, the learning theory tiadition 
growing out from Watsonian behaviorism 
did not win a strong following among 
child psychologists because of their con- 
cern to develop a quite diffeient set of as- 
sumptions about children, a genetic tradition, 
with an integrity of its own and reseaich 
concerns of its own In our own day, that 
genetic tradition has been reaioused as a force 
m American child psychology primarily be- 
cause of the new vigor and mcisiveness man- 
ifest m Piaget’s work and the work of the 
Russian developmental theorists Piaget’s work 
is either child psychology or it is an empirical 
analysis of historic epistemological issues 
using children, The Russian woik is child psy- 


chology incidental to, and integrated with, the 
pursuit of a psychobiology of behavioi One 
sees that the new geneticism is something 
moie than the reassertion of a maturational, 
stagelike, recapitulatiomstic process of growth 
and one must move outside child psychology 
to fully understand what it represents 

One cannot fully understand the point of 
view of genetic psychologists toward children 
unless one understands somethmg about a 
great deal of other information not having to 
do with children which forms the point of 
view Indeed, lengthy and detailed observa- 
tions of children began some years aftei the 
point of view was formed at around the time 
of Darwin The same might be said of the 
learning theory point of view it states what 
should be true of children m consistency with 
a body of assumptions and data outside child 
psychology In this wnter s judgment, the con- 
flict between the learning theory tradition and 
the tiadition of genetic psychology was and 
is another chapter of the ancient and honor- 
able conflict between empiricist and rationalist 
views of man, 

Psychologists have a sense of the historical 
continuities which has led to a continuous 
leassertion of an associatiomstic scheme foi 
psychological affairs, because good histones 
(Warren, 1921, Boring, 1951) have traced 
the lineage clearly We do not have nearly 
as good a sense of the continuous reasseition 
of psychological schemes descending from 
Cartesian rationalism One suspects a good 
history of this kind could be wntten Theie 
is a tiadition which has elaborated exactly 
those elements of Descartes’ epistemology 
winch the British empmcists were concerned 
to expunge the acceptance of acts of reflec- 
tion m the psyche, and the attempt to classify 
them, the acceptance of a pnori intuitions m 
the mind, the concern to align brain and 
mind, and, finally, the assertion of discontinu- 
ities between lower-order and higher-older 
mental piocesses, the argument that they dif- 
fer qualitatively rathei than quantitatively 
This is a characterization of Descartes’ psy- 
chology, but it is also a description of the 
psychology of Piaget 

Evolutionism, and the various theories of 
human mental functioning which flowed from 
it, added a genetic wing to the rationalist 
scheme of things That new genetic psychol- 
ogy seems to have be^un with Herbert 
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Spencer, whose philosophical influence was 
extended toward Piaget via Bergson, toward 
neurology and psychiatry via Hughlings Jack- 
son, and towaid the Amencan genetic tiadi- 
tion via G Stanley Hall The great principle 
of development which Spencer applied to 
everything, that all systems progiess from “an 
indefinite, incoheient homogeneity to a def- 
inite, coherent heterogeneity,” survives today 
in child psychology as Werner’s oithogenetic 
law 

In the terms just sketched, one would argue 
that Watson’s behavionsm, and the subse- 
quent elaboration of the learning theories, did 
not have a significant influence on child psy- 
chology in the eaily decades of this century 
because child psychologists had a rival theo- 
retical scheme, more or less implicit and un- 
rehearsed, m the genetic-rationalist tiadition 
Not 1 eaily well suited to development through 
lesearch, not persuasively leasseited, this tra- 
dition failed to keep things going and the 
child development movement lost vigor That 
which organized and lationahzed its research 
ventures was not lehearsed and adjusted and 
expanded Ultimately, the learning theory tia- 
dition did infuse a progiammatic sector into 
child psychology — because theie was a 
vacuum^ — because of change in the learning 
theoiy tradition' 5 What did come into child 
psychology was a tiadition m evolution, the 
evolution intended to accommodate the S-R 
analysis to the rationalist and developmental 
issues 

THE LEARNING THEORY TRADITION 
TODAY HOMOGENEITY AND 
HETEROGENEITY 

A significant movement towaid stimulus- 
response analysis did emerge among child 
psychologists m the mid-1950s, unified m 
some senses and conglomerate in others The 
unity was somewhat submerged m that there 
was not much theoietical or programmatic 
writing designed to explain or justify these 
kinds of efforts In the mid-1950s, the learn- 
ing theories, then assumptions, and their vari- 
ous extensions, were so widely understood m 
the piofessional culture of Amencan psychol- 
ogists that such efforts seemed more or less 
natuial The diveisity lesulted from the fact 
that the S-R tradition moved into child psy- 
chology embedded m several programmatic 


packages These packages — at least two dis- 
tinct approaches to the strategy of basic 
research, at least a half-dozen more S-R ap- 
proaches to issues other than learning — had, 
generally speaking, been developed outside 
child psychology and then diffused into it 
Though all of these piograms flew the flag 
of behavior theoiy 01 behavioi analysis, they 
were discrete m the sense that a faith m one 
did not, logically 01 m fact, imply a faith in 
the others Pioponents of behavioi analysis 
were divided about whethei basic reseaich 
should proceed by an atheoretical functional 
analysis or a learning theoiy appioach, and 
they showed vaiied patterns of inteiest m 
extensions of the S-R scheme to cognitive, 
social, and clinical phenomena, 01 to the de- 
velopment of mterventive techniques for be- 
havioi theiapy, behavioi engineering, 01 
progiammed learning 

This differentiation of approaches has been 
haidemng, and today it would be careless to 
view all of the proponents of a stimulus-re- 
sponse psychology as interested m learning 
theory, S-R analysis of human behavior, be- 
havioi theiapy, etc There are commonalities, 
but they are subtle and one must pick and 
choose one’s way carefully to find them, there 
is probably no completely uncontrovei sial way 
to do so 

One thing which unites stimulus-response 
psychologists is, of course, then commitment 
to a psychology of Ss and Rs , and to transac- 
tions with observable behavioi change What 
is often called the “learning theory point of 
view” would seem to amount to these as- 
sumptions 

1 The environment may be unambiguously 
characterized m terms of stimuli 

2 Behavior may be unambiguously charac- 
terized m terms of responses 

3 A class of stimuli exist which, applied 
contingently and immediately following a re- 
sponse, increase it or decrease it in some 
measurable fashion These stimuli may be 
treated as remforcers 

4 Learning may be completely character- 
ized m teims of vanous possible couplings 
among stimuli, responses, and lemforcers 

5 Unless there is definite evidence to the 
contrary, classes of behavioi may be assumed 
to be learned, mampulable by the envnon- 
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ment, extmguishable, and trainable (White, 
1969) 

The first two assumptions have to do with 
the reality of the psychologist as scientist 
Though to many psychologists these seem to 
be easy and convenient, our glance at history 
shows that they imply significant commit- 
ments The last three repiesent a Darwinistic 
conception of behavior adaptation — the srn- 
vival of the fittest lesponse through reinforce- 
ment — which can be traced back to Thorndike 
(1913-1914, 1931) and which, with varia- 
tions, runs through the learning theories 

The leammg-theoiy tiadition has charac- 
teristically been a ngoious movement, paying 
great attention to observational proof and 
parsimony of interpretation There has been 
an emphasis on small-scale experiments with 
tight control of conditions, usually experi- 
ments on learning where specifiable changes 
m conditions produce countable changes in 
behavior (White, 1963) There has been an 
emphasis on bringing terminology "close to 
behavior ” Operational definitions are sought 
for key terms (Spikei and McCandless, 
1954), othei systematic positions are exam- 
ined for the possibility of an S-R translation, 
and m applied work the thrust of the tradi- 
tion is toward the maximum reduction of 
problems and goals to observable, countable 
patterns of behavior (Kiasner and Ullman, 
1965) In keeping with this urge to avoid 
vagueness, this tradition more than any othei 
has bi ought instrumentation into child psy- 
chology to regularize the administration of 
experimental procedures 

There is, then, a unifying commitment to a 
scientific universe of Ss and Rs, an under- 
standing of behavioial adaptation as a process 
of response selection by reinforcement, and a 
methodological drive toward precision of ob- 
servation and parsimony of interpretation 
With this m mind, we can look at the di- 
versity of expression of the learning theory 
tradition within child psychology The litera- 
ture has encompassed the following 

1 A small literatuie of operant analysis, 
with methodology carefully articulated but 
not oriented to theory, based on the program 
of B F Skmner (1938, 1953) This is largely 
concerned with the functional analysis of the 
behavior of the child, with both normal and 
disturbed patterns of behavior analyzed as 


under the control of reinforcement contingen- 
cies m the environment (e g , Bijou and Baer, 
1960, 1963, Ferster, 1961) 

2 A small body of studies directed at as- 
sumptions or vanables of concern to the theo- 
retical position of Hull (1943) and Spence 
(1936, 1956), and m some general sense 
onented toward the understanding of con- 
struct, law, and theory on which that position 
rests (eg, Spiker, 1963, Castaneda and 
Paleimo, 1955, Zeaman and House, 1963) 

3 An eclectic group of studies, not identi- 
fied with any program, yet analyzing pro- 
cedures of classical conditioning, instrumental 
learning, verbal learning, and so forth, to 
look for the sorts of regularities that might 
usually be caught up in such programs (eg, 
Stevenson and Wen', 1959, Weir, 1964, Lip- 
sitt, 1963, 1967, Palermo, 1961, 1962, Brack- 
bill, Fitzgerald, and Lintz, 1967) 

4 A ramified set of attempts to translate 
issues of socialization and social intei action 
into stimulus-response terms, and to explore 
such issues experimentally This includes 
studies of social reinforcement (Gewirtz and 
Baer, 1958a, 1958b, Stevenson, 1965, Ge- 
wirtz, 1967, Landau and Gewirtz, 1967), 
studies of imitation and "vicarious reinforce- 
ment” (Bandura and Walters, 1963, Bandura, 
1965b, Baer and Sherman, 1964) and the 
analysis of conscience (Aronfreed, 1964) 

5 Attempts to enlarge the framework of 
stimulus-response analysis to encompass verbal 
behavior (Skmner, 1957), curiosity and explo- 
ration (Berlyne, 1960), attention (Zeaman 
and House, 1963), symbolization (Kendler 
and Kendler, 1962, Reese, 1962), inference 
(Kendler and Kendler, 1967), and reasoning 
and planning (Maltzman, 1955, Staats, 1961, 
Berlyne, 1965) 

6 Finally, a series of practical attempts at 
education, behavior engineering, and behavior 
modification, which have m common the at- 
tempt to tram humans using manipulations 
of contingent remfoi cement schedules These 
efforts are manifold and widely directed One 
major sector works toward the teaching of the 
normal child (Lumsdame and Glaser, 1960, 
Skinner, 1968) and the other toward special 
education or behavioi therapy (Krasner and 
Ullman, 1965, Ullman and Krasner, 1965, 
Bijou and Baer, 1967) > 

It might be said that this list of topics 
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undei estimates the diversity of these efforts 
It implies that the S-R tradition has been 
carried m all these directions without any 
“bending” It does not convey a proper im- 
pression of the huge volume of work fitting 
under these categories 

In the 15 to 20 years since the learning 
theory tradition entered child psychology, 
there has been a continuous acceleiation of 
the volume of published efforts, but at the 
same time there has been a diminution m the 
first two categories of effoit given above — less 
laboratory studies of schedules of remfoi ce- 
ment, and less basic research devoted to the 
development of the Hull-Spence theory The 
two significant nuclei, the Hull-Spence learn- 
ing theoiy and Skinner's progiam, still have 
some dnect influence in the way their col- 
laterals are evolving Those coming fiom the 
Hull-Spence tradition have been devoted to 
continuing theoretical analysis, trying to open 
up new veins of S-R analysis which might 
provide theory to account for childrens be- 
havioi Those coming from Skmneis orienta- 
tion have, like him, disregarded theoretical 
analysis for its own sake and have moved 
out of the laboratory toward behavioral en- 
gineering Substantially different issues arise 
m the course of the theoretical thrust and 
the practical thrust 

THEORY-DIRECTED ANALYSIS 

The traditional purpose of the learning 
theones was to serve as a framework for a 
cumulative development and integration of 
research information about learning To pro- 
vide the basic lesearch, a family of proce- 
dures has been used, descendants of the 
verbal learmng studies of Ebbmghaus and 
G E Mullei, the salivary conditioning of 
Pavlov, and the tual-and-error problems of 
Thorndike All these form a family because 
they have special characteristics m common, 
differentiating them from other procedures 
through which one might conceivably make 
observations oi inferences about learning pro- 
cesses In most of the special procedures, the 
subject's time to observe or act is parcelled 
out m trials The time and place of learmng 
is fixed and the environment is isolated, un- 
interrupted, and asocial Disci ete cues are 
made prominent Criteria, set up by observer 
or instrument, are enforced so that countable. 


tuneable, scorable lesponses aie fished from 
the stream of behavior The typical reseaich 
procedures for the study of learning have 
regularized it, made the learning situation 
moie repeatable across individuals and lab- 
oratories They have emphasized the maxi- 
mum quantification of antecedents, conse- 
quents, and the time course of the process 
The theories of learning were based upon the 
possibilities of conti oiled variation and experi- 
mentation possible when learning had been so 
regulanzed One influence of the learning 
theory tradition upon child psychology has 
been, simply, to provide support for the dis- 
semination of such regularized techniques as 
instruments for basic research into childien's 
learning (Spiker, 1960, White, 1963) 

The significance of the fact that such 
techniques have become conventional should 
not be undei estimated, their almost exclusive 
use is m itself tantamount to what some might 
call the adoption of a theory of learning 
Using these techniques as a window, one 
often does not “see” learning when the stimu- 
lus conditions are out of the view of the experi- 
menter, when the change in behavior occa- 
sioned by learning does not occur fairly 
promptly, or when the effects of something 
learned may manifest themselves with equal 
probability m any of a dozen response indices 
One tends to underestimate how much the 
problem of everyday learmng may depend on 
the noisiness of the unpurified environment 
(White, 1966a) And, m child psychology, 
one tends to confuse the learmng registered 
by the instrument with another^ unregistered, 
learmng process thiough which the child is 
trying to adapt to the instrument (Levin and 
Hamermesh, 1967)* Of course, all this is not 
to say that experimenters cannot and do not 
make the effoit to see beyond their formal 
data, or that this tradition alone runs the risk 
of instrumental nearsightedness The point 
being emphasized is that a significant part of 
the learning theory tradition has been earned 
mto child psychology by the sheer adoption 
of the specialized observational procedures 
adapted to that tradition 

If one looks for the programmatic impact 
of the learning theories upon the study of 
children's learmng one must proceed a little 
carefully No learning theory has ever been 
constructed from studies of children or been 
specifically directed toward them Strictly 



668 SHELDON H. WHITE 


speaking, there is no learning theory m child 
psychology Setting aside direct applicability, 
there is a way m which the Hull-Spence 
theory and its collaterals have been construed 
as a potential basis for the understanding of 
children’s learning 

1 One assumes, as Hull and Spence did, 
that theie is an elementary bonding process 
through which bits of the environment be- 
come attached to bits of behavior One as- 
sumes that the universal and elementary basis 
of all learmng is the formation of an S-R 
bond This is a behavioristic form of an old 
neurological suggestion that all orgamsmic 
adaptation lests on more or less complicated 
forms of the reflex arc Hulls systematic con- 
tribution (Hull, 1943, 1951) was primarily 
an attempt at an intensive analysis of the 
S-R bonding piocess His theory provides an 
intensive analysis of one encounter during 
which a set of stimulus conditions are an oc- 
casion foi a response In this analysis, the 
stimulus conditions are described as quantified 
variables and then influence traced sche- 
matically to intervening variables, whose in- 
fluence m turn is traced to response charactei- 
istics The system provides that some of the 
flow through these lines of influence will 
influence performance momentarily, while 
others will make for the lasting influence 
that we call learning 

2 One assumes that all the more complex 
kinds of pioblem-solving are potentially de- 
composable into sets of interacting S-R bonds 
Spence (1936, 1937, 1956) and Hull (1952) 
attempted a rigorous decomposition of one 
order of complexity — the situation, m two- 
choice discrimination learning, where the 
subject’s behavior may be viewed as the 
resultant of the interaction of two com- 
peting S-R links This analysis has been quite 
controversial, as well it should be, since it 
offers a test for the most significant promissory 
note of this type of theory — that a rigorous 
way can be found to multiply the one-S-one-R 
analysis through “composition laws” mto a 
predictive schematic for complicated kinds of 
learning, conceived as many-S-many-R situa- 
tions Other examples of the attempt to pro- 
vide such composition laws rigorously are 
Miller’s (1959) analysis of conflict and dis- 
placement, S piker’s (1963) stimulus inter- 
action hypothesis, and Zeaman and House’s 


(1963) attentional theory of discrimination 
learmng 

3 All of the worked-out decompositions 
have been for experimental situations that 
are limited m complexity, but a large number 
of other analyses have been offered m which 
various interesting domains of behavior have 
been interpreted as S-R systems without much 
specification of the form of the composition 
laws which might be predictive for them 
This is the speculative superstructure of S-R 
analysis extending from the learning theory 
base to the significant targets of psycholog- 
ical analysis It contains a large literature, 
of mixed value The best of this literature con- 
sists of carefully worked out treatments of 
imitation (Miller and Dollard, 1941, Bandura 
and Walters, 1963), psychopathology and 
therapy (Dollaid and Miller, 1950), frustra- 
tion-aggression (Dollard et al , 1939), sym- 
bolic processes (Mowrer, 1960), and think- 
ing (Berlyne, 1965) In these treatments there 
is manifestly some effort, not always success- 
ful, to keep novel S-R constructions with- 
in the epistemological and metatheoretical 
boundaries within which the terminology was 
framed In less useful speculative treatments, 
the S-R terminology seems to degenerate into 
a catch-all scientistic jargon On the more 
careful side we have the laborious and in- 
tricate literature which tries to capture a 
little bit of the activity of representation 
m an S-R mediation scheme (Kendler and 
Kendler, 1962, Reese, 1962), on the less 
careful side we have the practice, common 
now, of using the term “mediation” as an 
acceptable way to say “thinking ” Today, too, 
there are the offerings m educational psy- 
chology in which vanous generalizations are 
wrenched from their origins m experimental 
situations and unhesitatingly offered up as 
laws of classroom learmng Disregarding 
these latter misconstructions of the learmng 
theory analysis (the price of popularity, 
which psychoanalysis has paid and which 
genetic epistemology is beginning to pay) 
one must accept the body of careful specula- 
tive extensions as an effort to display and 
justify the ultimate promise of the learning 
theories 

Keeping m mind these three levels of de- 
velopment of the Hull-Spence theory, one 
may suggest the linkages of that theory to 
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basic reseaich on learning m child psychology 
Since Hull’s formal system, laid out on animal 
data and the data of human classical condi- 
tioning, was intended to portray umversal 
processes of S-R bond formation m all species, 
it is at least conceivable that the system 
could have been superimposed on the results 
of suitable data-gathenng efforts using chil- 
dren This possibility has aroused little in- 
terest among child psychologists In the 
formal sense, Hull’s theory is a first approxi- 
mation to what we today call mathematical 
models of learning (Spence, 1952, 1953) 
The later, tighter body of mathematical 
models has not drawn forth much research 
and development among child psychologists, 
only sporadic and casual occasional papers 
on children’s probability learning (eg, Mes- 
sick and Solley, 1957, Ross and Levy, 1958, 
Stevenson and Ziglei, 1958, Atkinson, Som- 
mer, and Sterman, 1960, McCullers and 
Stevenson, 1960, Kessen and Kessen, 1961, 
Siegel and Andiews, 1962, Brackbill, Kappy, 
and Stan, 1962, Craig and Meyers, 1963, 
Bogartz, 1965) If anything, the trend in 
child psychology is away from theorizing 
construed as mathematical modelling to pre- 
dict behavioral probabilities 

The countervailing tendency among child 
psychologists has been to accept the exact 
analysis of the S-R bond as a given oi as 
something to be worked out elsewhere and 
to concentrate effoits on the analysis of the 
more complex levels of behavior At the 
second level of development of the Hull- 
Spence scheme, there is the discrimination 
analysis Discumination problems can be 
given to pieschool children m formats quite 
analogous to those used with animals Here, 
m the children’s liteiature, one finds what 
little formal theonzmg there is (Spiker, 1963, 
Zeaman and House, 1963) and here one finds 
a small leconsideration of the contmmty- 
noncontmmty controversy resolved by the 
postulation of central stimulus-selection 
mechanisms The newer analyses of the child 
m the discrimination situation lun together 
with the newei analyses of the animal in 
that situation (Fellows, 1968, Riley, 1968) 
But heie, as everywhere, the child psycholo- 
gist’s adoptions of the instruments and the 
foimal theoretical appaiatus of the tradition 
are mostly not being used for the develop- 
ment of a formal theory, effoit is concentrated 


on those aspects of the discumination situa- 
tion which offer a jumpmg-off place for the 
exploration of factors of attention and sym- 
bolization Examining the spectrum of S-R 
efforts m the time of the new Amencan 
revolution, this seems piedominantly to be the 
case Most of the work m child psychology 
is at the thud level of development of the 
Hull-Spence analysis, the attempt to “open 
up” the theoretical scheme to make it a 
vehicle for the understanding of significant 
issues m human behavior There are a series 
of such programs, which can be seen as at- 
tempts to modify and enlarge the analysis to 
accommodate it to the human factors and the 
developmental factors with which the child 
psychologist must deal 

Analysis of the Stimulus 

The problem of the exact definition of the 
stimulus arises before one attempts to bring 
the S-R analysis to human behavior, it is a 
fundamental issue for that analysis, never 
really resolved In an early paper, Skinner 
recognized the problem 

In the description of behavior it is usually 
assumed that both behavior and envuonment 
may be bioken into parts, which may be 
refeired to by name, and that these parts will 
retam then identity from experiment to ex- 
periment If this assumption were not in some 
sense justified, a science of behavioi would 
be impossible (Skinnei, 1935, p 40) 

Despite the truce with the problem worked 
out by Skinner m that papei, the problem 
of the stimulus, the "environment bioken into 
parts,” has persisted for behavior theory The 
problem is that one cannot seem to find a 
part of the environment which m and of 
itself, disregaiding the subject, is always a 
stimulus for behavior In recent years, S-R 
psychologists within and without, child psy- 
chology have tned to grapple with the issue 
of the definition of the stimulus and, in so 
doing, have reintroduced the term “attention” 
to behavior analysis 

Stimulus Saliency. In all behavior analysis, 
it has been recognized that some parts of the 
envuonment aie more likely to be stimuli 
than otheis because of intrinsic pioperties of 
intensity, change, size, etc In a recent, in- 
fluential book, Beilyne (1960) attempted an 
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examination of the issue of attention, orient- 
ing, and stimulus selection With the publica- 
tion of that book, an mteiest m what he has 
termed “collative variables” of novelty, 
change, complexity, conflict, surprisingness, 
and structure has developed m the subsequent 
experimental literature Cantor (1963) has 
provided a review of lesearch duected at sub- 
stantiating the special saliency of complex and 
novel stimuli for children’s behavior 

Berlyne’s analysis is less concerned with 
the intrinsic properties of environmental 
events which cause them to chaw attention, 
and more with attention as it is determined 
by a strategic interplay between what the 
environment offers and the cential structures 
within the subject Several researchers have 
been concerned to show that the efficacy of a 
stimulus may be altered by the subject’s 
history with it Cantoi and his associates 
have explored what seems to be a stimulus 
satiation effect upon reaction time (Cantor 
and Cantor, 1964, 1965, 1966, Witte and 
Cantoi, 1967, Bogartz and Witte, 1966, 
Witte, 1967) Another set of studies has 
shown that stimuli which are associated with 
rewards acquire salience for the subject (Nun- 
nally, Stevens, and Hall, 1965, Nunnally, 
Duchnowski, and Parkei, 1965, Paiker and 
Nunnally, 1966, Nunnally, Duchnowski, and 
Knott, 1967, Nunnally and Faw, 1968) Such 
experiments begin to introduce conditionality 
into the effectiveness of a stimulus Despite 
their obvious relevance, experiments which at- 
tempt to monitor at least the overt accompani- 
ments of the stimulus selection process, scan- 
ning behavior, are still few (White and Plum, 
1964, Wright and Smothergill, 1967) Such 
experiments would obviously be useful m pro- 
viding a bridge between the kinds of stimulus- 
enhancing and stimulus-diminution factors 
suggested m the Cantor and Nunnally 
senes and the dimension-selecting mechanisms 
which are proposed to exist m the Zeaman 
and House theory 

The S-R tradition has thus made an ac- 
knowledgment of attentional factors when 
they are determined by the intrinsic saliency 
of the stimulus, by the overt scanning of the 
subject, or by the relatively recent history of 
the subject with the stimulus Berlyne’s the- 
oretical analysis goes further, of course, but 
it seems significant that subsequent experi- 
mental work has been so heavily directed 


toward the novelty and complexity of stimuli, 
the most “out theie” of his collative variables 
Other collative variables depend upon the 
postulation of central mechanisms which ef- 
fectively select those parts of the environment 
that will be stimuli, central structures which 
have as yet been given no detailed and incisive 
representation m the S-R schematization We 
turn now to an examination of some of the 
recent attempts to approach such central 
terms 

Attempts to Model Conceptualization, 
Inference, and Planning 

As has been suggested earlier, the original 
basis on which the learning theories were 
established m psychology was once to provide 
a step-by-step empirical route toward the 
analysis of complex human adaptive mech- 
anisms A good number of the early theoretical 
writings of Tolman and Hull were directed 
to offering behavioiistic or S-R accounts of 
higher mental piocesses, and continuous with 
the history of the S-R tradition there have 
been numerous attempts to provide accounts 
of expectancies, sets, concepts, inferences, and 
strategies within the scope of the system 
Within child psychology, one finds representa- 
tions of some of these efforts It seems sig- 
nificant that despite the long history of S-R 
attempts m these directions, so much of the 
present work seems at its beginning, tentative 
and prefatory Where a large literature has de- 
veloped, as is the case with the mediation 
hypothesis, it has eventuated in very little sys- 
tematic development 

Discrimination Learning Set. Stemming 
from Harlow’s work with ammals, there has 
been some exploration of the phenomenon of 
learning set with children and the work with 
children has largely substantiated what has 
been concluded from the animal studies 
Expenments have demonstrated cumulative 
nonspecific transfer — learning to learn — from 
one discrimination problem to the next, and 
they have suggested that such transfer is as- 
sociated with the progressive suppression of 
position-guided strategies and, possibly, some 
change m the visual search patterns of the 
child as he moves from one problem to the 
next (Reese, 1963) 

The present-day efforts, with ammals and 
children, represent a more or less rigorous 
realization of the view of the discrimination 
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learning piocess suggested by Lashley and 
Kiechevsky some decades ago Paitly as a 
lesult of this lealization, theie are newer 
models of discrimination learning which blend 
together noncontmuous factors (stimulus an- 
alyzei selectors 01 dimension selectors) with 
continuous learning piocesses (Sutheiland, 
1959, Mackintosh, 1965, Zeaman and House, 
1963) These provide that the oiganism can 
switch attention fiom one type of cue to 
another in the couise of learning and piovide 
a partial accommodation to the data at hand 
The eiroi factors appeal to involve something 
moie than mappiopiiate stimulus conti ol ovei 
the subject's behavior, and this lesidual has 
not yet been mcoipoiated into the theonzmg 
There aie diffeient stiategies, or stereotypes, 
which can follow when subjects are position- 
guided and the systematic tieatments do not 
offer a diffeientiation among the stiategies 
Fuithermoie, theie aie age changes m pi one- 
ness to selection of a stiategy (Weir, 1964, 
Levinson and Reese, 1967) which need ex- 
planation The learning set analyses seem to 
have foiced the establishment of enough cen- 
tral piocessmg to account foi central switch- 
ing from one stimulus dimension to anothei 
and sudden learning, they have opened issues 
of strategy selection and age change, but no 
extensive analysis has been given to those 
issues in this line of woik Theie aie othei 
avenues which do lead to foimulations con- 
cerning tempoially oiganized response se- 
quences and age change with lespect to their 
use 

Mediation Theory By fai, the most ex- 
tensively explored issues in the S-R literature 
of child psychology have to do with a pan 
of age shifts m learning occumng m children 
between 5 and 7 years of age There have 
been hundieds of investigations of a change 
m the child's reaction to the tiansposition 
expenment m this age range (Kuenne, 1946) 
and a paiallel change m level sal-nonreversal 
shift pioblems (Kendlei and Kendler, 1962) 
This liteiatuie has mostly been concerned 
with whethei such phenomena can be ac- 
counted foi by cential mediational processes 
(Kendlei and Kendler, 1962, Reese, 1962), 
by age changes m attentional piocesses (Zea- 
man and House, 1963) , or the development of 
stimulus differentiation (Tighe, 1965; Youmss 
and Furth, 1965) However, as one examines 
the voluminous literature on these problems 


one is moie impiessed by the numbei and 
complexity of the side issues they have en- 
gendered than by then tendency to converge 
on some decisive clanfication of the source of 
the original expenmental effects (White, 
1963, Zeilei, 1967, Weiss, 1967) White 
(1965, 1966a, 1966b, 1968b) has suggested 
that these age-shifts m learning experiments 
are pait of a laige spectrum of change m the 
5-7 age lange, involving not only many othei 
behavioi changes but also changes m physical 
growth and m susceptibility to pathology One 
implication of such an analysis might be that 
these experimental situations and then vari- 
ants offei too nanow a window through which 
to exploie the undei lying developmental pio- 
cess Ceitainly, howevei, some facets of de- 
velopment could and should be bettei re- 
vealed by an examination of the changes m 
learning 

It is quite common foi expenments in the 
learning theoiy tiadition to uncovei phe- 
nomena reflecting developmental changes oi 
cognitive phenomena, and it is always an in- 
triguing issue to tiy to handle them in some 
sort of systematic way The issue, always, is 
whethei such special phenomena, now located 
and demonstiable within an experimental S-R 
foi mat, can be shown to have some explana- 
tion which is mtnnsic to the S-R scheme In 
terminology with which we have all become 
familiar, the issue is whethei the S-R schema 
can be adapted to an obseived novelty through 
assimilation oi accommodation To assimilate 
is essentially to account for the phenomenon in 
the terms of the theory, thus a broad set of 
phenomena m classical conditioning and as- 
sociative tiansfer has been linked to some 
quantitative assumptions about dnve-liabit m- 
tei action m Hullian theory (Spence and Tay- 
loi, 1951, Spence, 1956, Castaneda, 1965) To 
accommodate, on the other hand, is to make 
some alteration m the theory which remains 
wi thm certain giound lules basic to the con- 
struction of the theoiy, the ground rules are 
essentially, the assumptions that foim the 
“learning theory point of view,” discussed 
earliei Spiker's stimulus intei action hypoth- 
esis (1963) and Zeaman and House's atten- 
tional theory (1963) are examples of permis- 
sible alteiations Failuie to adapt, to eithei 
assimilate or accommodate, would be repie- 
sented by a concession to maturational or cen- 
tial causation not poitrayable m S-R teims and 
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not moved by the dynamics envisaged by the 
system 

Beanng m mind that the ultimate thrust 
into higher mental processes was the long- 
range goal of the Hullian system, the trans- 
position and reversal-nonreversal shift phe- 
nomena have a special significance 

First, given a system which is largely 
built upon animal problem-solving, it is signif- 
icant that these age changes between 5 and 7 
seem to represent shifts from the approaches 
to these problems characteristic of animals 
toward the appioach characteristic of human 
adults If one could identify what is new in 
the older child's approach, one would probably 
have located a significant human factor 

Second, there is a relationship of these age 
shifts to language which strikes peculiarly 
closely to a long-suggested human factor 
Children to show the older pattern of per- 
formance often give, or can be made to give, 
labels for stimuli that might lead them to 
the older behavior These labels can be con- 
ceived of as the "pure stimulus acts," or 
response-pioduced cues, which behavior the- 
orists have consistently postulated, m ammal 
expenments as well as human, as a rigorous 
systematic basis for phenomena of anticipa- 
tion, expectancy, or symbolization (Hull, 
1930, Osgood, 1953) 

Thus children m this age range make a 
move toward adultlike performance, and they 
do so in a way that suggests that response- 
produced cues might be fairly employed as 
a theoretical accommodation to the phe- 
nomena The issues now reside m the fine 
grain of the data and, as well, m the fine 
gram of the hypothesis There are ways m 
which verbalization might lead to the age 
shifts which would fit tightly neither into the 
theoretical framework nor, perhaps, within 
the ground rules (Vygotsky, 1962) One must 
elaborate the mediational hypothesis so that 
it describes not only the "before" and "after" 
learning processes, but also the mechanism 
of age change Reese (1962), staying within 
the system of discourse, suggests overtraining 
as an explanation, but Kendler and Kendler 
(1962) suggest that it must be due to de- 
velopment, maturation and experience, con- 
ceding to factors outside the system If label- 
ing does not always accompany the older 
pattern of performance, and if teaching of 
labeling does not always produce it, it is 


possible to hold that verbalization is not a 
cause but a correlate of the age-shifts, and 
to suggest as an alternative that changes m 
the attention of the child might account for 
them Complicating the problem of decision 
among the overlapping theoretical alternatives 
is the fact that the expenments m this area 
regularly turn up odd experimental effects, 
which now form a good-sized family of un- 
solved side issues 

The voluminous and tortuous literature 
which all this has generated has not yet 
brought off the proof that the S-R scheme 
explains the older child's pattern That ex- 
planation, even if successful, would really give 
the system little thinking power What would 
be installed m the center would be a medi- 
ating word or act, cued as a response by the 
external stimulus, giving to the subject the 
ability to make a response not determined 
by his reinforcement history with the ex- 
ternal stimulus 

Part of this limitedness is unnecessary m 
learning theory terms It arises from a decep- 
tiveness m the diagrammatic form in the S-R 
scheme, recognized m other contexts but not 
often brought up in discussions of children's 
mediation The prototypical episode m Hul- 
lian theory begins with an S, or groups of 
Ss, moves through the intervening variables, 
and ends with an R However, behavioi 
theorists have had to recognize that, even m 
the simplest learning situations, the sequence 
S-R is an abbreviation for a sequence of be- 
havioral episodes which must properly be 
diagrammed m some foim like S — R x — S 1 
— R 2 — — R (Spence, 1956, p 44) 

Diagrammed at full length, what behavior 
theorists have called an S-R connection be- 
comes an organized assembly of adaptive 
behavior virtually identical to what Piaget 
has called a sensorimotor schema, and the 
mediational properties of a "response-pro- 
duced cue" become — what? Perhaps some- 
thing like the plan of Miller, Galanter, and 
Pribram (1960), peihaps something like the 
onenting-mvestigatory schemata of conceptu- 
alization of the Russians (Zaporozhets, 1961), 
perhaps something like the operation of Piaget 
(1960) 

There is no explicit theoretical treatment 
which develops the possibility of a media- 
tional use of a nonabbreviated S-R connection, 
but one can imagine a number of interesting 
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possibilities Any one of them would make the 
issue of mediation more complicated, nchei, 
probably even less able to be settled by em- 
pmcal test, than the question whether the 
child does or does not depend upon cue words 
like “larger” and “smaller” m his vocabulary 
But it would instantly move behavior theory 
closer to comprehending findings like those of 
McKee and Riley (McKee and Riley, 1962, 
Riley and McKee, 1963, Riley, McKee, and 
Hadley, 1964), who have shown that trans- 
position implies more general ordering ability 
than would be implied by the possession of 
locally appropriate oi dering labels 

Inference and Reasoning There has been 
some effort to examine the ways m which 
S-R links might be strung together m se- 
quences, to form a basis for what are usually 
called reasoning and planning 

One line of work has produced a sequence 
of studies directed at children's mference 
The sequence of studies has been reviewed in 
Kendler and Kendler (1967) m a close-knit 
analysis which is, m itself, a model of the 
process of experimental inference, the paper 
offers a superb example of the programmatic 
development of an idea through a succession 
of procedures and expenments The searching 
serial quality of the set of studies reported m 
this paper is worth some emphasis A problem 
which plagues the learning theory tradition 
because of its closeness to procedures and 
emphasis on testable hypothesis is the very 
readiness with which any issue draws swarms 
of “one-shot” literature entries — studies which 
must be accommodated because they do, after 
all, present data but which are so raw and 
chancy m inception, execution, and interpre- 
tation that it is difficult to know what weight 
to place upon them A collection of such 
studies addressed to an issue — e g , transposi- 
tion, the controversies about latent learning, 
place versus response learning, etc , can brmg 
m so much noise that they hinder as much as 
help Many one-shot studies are valuable, of 
course, and one could not diaw a line which 
excluded the bad from the good Nevertheless, 
one can safely argue that there has been, and 
is, too little of the thoughtful progiammahc 
expenmentalism manifest m the Kendlers' 
efforts, m Osiers analyses of concept attain- 
ment (Osier and Fivel, 1961, Osier and 
Trautman, 1961, Osier and Weiss, 1962, 
Osier and Shapuo, 1964; Osier and Kofsky, 


1965, 1966) and m Lipsitt's explorations of 
infant learmng (Lipsitt, 1963, 1967) 

The Kendleis' analysis of inference directs 
itself to Hull's analysis of reasoning, defined 
as “the joining of two-behavior chain segments 
previously learned on separate occasions so 
that together they solve a problem faced by 
the oiganism ” In the course of their efforts, 
they come to the conclusion that Hull's for- 
mulation does not yield derivations valid for 
their data, they find that their test of reason- 
ing shows a sharp increase in children be- 
tween 8 and 12 years of age, they find inter- 
actions of inference with assigned verbal 
labels which lead them to conclude that verbal 
mediation has an important bridging function 
for the inference process Again, their expen- 
mental analysis is quite precisely delimited, 
their theoretical analysis places m the center 
the simple labeling response or a response 
term like it 

we should again make explicit that 
representational responses are not synony- 
mous with verbal labels As far as we know, 
any response with adequate feedback could 
serve the purpose We used linguistic labels 
for reasons already enumerated It also seems 
likely that, among articulate humans, verbal 
labels are among the most common responses 
used for representation simply because they 
are so well suited to ‘this function They are 
so available, discnmmable, easily fractionated, 
can occur without interference with any other 
ongoing activity, can so easily move forward 
m the behavior sequence (Kendler and Kend- 
ler, 1967, pp 188-189) 

The Kendlers, here as in then reversal-non- 
reversal analyses, stop short of the prolifera- 
tive possibilities introduced by their vicarious 
cue-producmg response Presumably, a re- 
sponse-produced cue could produce another 
vicarious response-produced cue which in 
turn could lead to others and one could then 
conjecture branching sequences of invisible 
S-R links to serve as a basis for quite com- 
plex central mediating processes The Kend- 
lers and other behavior theonsts have prob- 
ably stopped short of this kind of expansion 
because it is obvious that one is instantly de- 
ploying the scheme into conjectural and un- 
testable areas But there is a neobehavzonstic 
group spearheaded by Osgood and Berlyne 
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which has developed these kinds of con- 
stiuctions 

Berlyne’s recent volume Structure and Di- 
rection m Thinking must be consideied a 
landmark m the S-R analyses of higher mental 
processes, with particular interest for child 
psychologists Unlike other behavior theonsts, 
who often set forth theoretical schemes on 
carefully delimited domains as though the 
only facts that needed adjusting to were the 
mcontrovertibly proven facts and the only 
leal issues were the piecisely formulated 
issues, Berlyne is unusually catholic and wide- 
ranging m his acknowledgment of diveise 
facts, issues, and formulations Although othei 
behavior theorists have been timorous about 
venturing moie than a pseudopod of S-Rism 
into the unobservable areas of human mental- 
ism, Berlyne has been quite bold m doing 
so The two big problems in the centei are, 
probably, what we generally call attention 
and reasoning and m separate books Berlyne 
has made a significant effoit to encompass 
each (Berlyne, 1960, 1965) 

The directed thinking book hearkens back 
to the second most venturesome of the S-R 
systematists, Hull himself, and the ideas which 
Berlyne develops have their geims m early 
theoretical papers m which Hull was trying 
to foresee the ultimate possibilities of an S-R 
analysis (Hull, 1930, 1931, 1934, 1935, 
1938) The theoietical structures which are 
used are familiar in the learning theory 
lexicon habit, the fractional anticipatory goal 
response, stimulus generalization, the habit 
family hierarchy, and so forth These are 
woiked up to model sequential thought pro- 
cesses in a way which has been tried before, 
by Hull m the previously cited papers and 
by others (Maltzman, 1955, Staats, 1961) 
Berlyne, however, offers certain new interpre- 
tations of these speculative habit structures 
which enables them to be subject to opera- 
tions, transformations, groupings, etc At the 
heart of the effort is the union between the 
speculative scheme of reasoning of S-R and 
Piaget, but there is more to the synthesis 
than that The system also gives a place to 
such factors as imagery, multiple sensory rep- 
resentation, and certain of the transforma- 
tional devices of the psycholinguists, 

The complete treatment needs to be read, 
if only because there is not much writing any- 
where which is so broadly in tune with what 


the issues are for an analyst of reasoning 
There is, of course, something slightly out- 
rageous about the casting of all this in the 
S-R terminology One has obviously moved 
things a good distance away from the "learn- 
ing theory point of view,” empiricism, be- 
haviorism, and the traditional view of parsi- 
mony That the treatment is possible at all is 
due to a quality m the treatment of the terms 
"stimulus” and 4 response,” which should really 
be more explicitly acknowledged in the learn- 
ing theorists' use of them On the one hand 
the terms have been used to denote empirical 
units, the "behavior and environment broken 
into parts,” which Skinner (1935) was at 
pains to justify, and on the other hand they 
have had a logical status The terms "stimu- 
lus” and "response” have come to stand for 
"if” and "then” in a calculus of sequential 
psychological contingency, On many occa- 
sions, the empirical and logical uses of the 
S-R teimmology can be confused and con- 
fusing, but Berlyne’s use of it makes a fairly 
clean break with the empmcal side Essen- 
tially, the innards of Berlyne’s reasoning or- 
ganism aie wired with if-then statements, or 
systems of them 

Berlyne (1954) has freely admitted the dif- 
ficulties with this speculative S-Rism, but he 
has argued that the ngor of the S-R terminol- 
ogy makes the effort worth a try One cannot 
speak of empmcal rigor m this kind of effort, 
but one can speak of a rigor of dehneation of 
antecedent and consequence in hypothesized 
processing sequences This is not the “right” 
ngoi m the classical S-R sense, but there aie 
plenty of cases in the history of psychology 
where right things have been done in the 
wrong way and wrong things have been done 
m the right way This kind of effort is almost 
sui generis It floats free of its origin and it 
needs to be judged on its own terms Right 
now, it has some intrinsic interest for child 
psychologists because it has accomphshed 
some important junctures among what might 
have seemed to have been mcommensuiable 
sets of independent analyses It will not be 
testable and provable or disprovable m the 
usual sense in which we understand those 
terms But it rests on facts and on reasonable 
interpretations of those facts, its linkages are 
quite reasonable, it has a form of truth value 
because of that In time, we may know 
enough to rewrite it, make it closer to a larger 
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network of facts, locate it better m neural 
processes, perhaps give it more exact predic- 
tive and explanatory powei We have no alter- 
native to a treatment like this, really, because 
we have not yet found any better way to build 
a behavior theory 

Attempts to Examine Social and Personality 
Processes 

We turn, now, to a set of theoretical efforts 
in which the S-R scheme is brought away 
bom its originating thrust toward human 
problem-solving, and we consider a set of ef- 
forts m which the S-R terminology has been 
brought toward the other great concern of 
psychologists m the first half of this century 
a personality theory, an interwoven considera- 
tion of individual differences, social influences, 
and psychopathology The originating de- 
velopment of the S-R scheme toward a theo- 
retical account of personality issues was, 
again, out of Yale Miller and Dollard’s 
(1941) analysis of imitation, Dollard and Mil- 
ler’s (1950) account of personality and psy- 
chopathology, and Mowrer’s (1950) treat- 
ment of personality These larger efforts were 
accompanied by a large number of research 
efforts, using animals and humans, m which 
experimental techniques were developed to 
attempt to bring fear, anxiety, conflict, re- 
gression, displacement, fixation, etc , into the 
laboratory There are obvious difficulties m 
establishing an experimental tradition around 
such topics with human subjects, but certain 
kinds of studies — of imitation, of social inter- 
action effects — can be conducted in an ex- 
perimental manner using children Other 
topics are approachable through observations 
of co-incidence, correlational methods In re- 
cent years, still another empirical approach 
is at hand, m which a theoietical analysis is 
interwoven with an applied effort at behav- 
ioral or social engineering Now we cannot 
speak of a laboratory tradition, we begin with 
speculative analyses which by their nature 
must touch empirical ground when and as 
they can 

The S-R analysis of learning and cognitive 
processes worked its way into child psychol- 
ogy through a number of spin-offs in which 
procedures and issues elaborated in the gen- 
eral experimental literature migrated into use 
with children The learning theory approach 
to personality processes came in less adventi- 


tiously and it came m earlier Robert Sears, 
concerned at first with the expenmental test- 
ing of psychoanalytic hypotheses (Sears, 
1943), became the first to oigamze a leam- 
mg-theory-based analysis into child psychol- 
ogy and one can trace most of the efforts to 
provide an S-R analysis of personality de- 
velopment to his influence His move into 
child psychology was a logical one. The con- 
ditions for learning are at hand to be studied 
wherever one can pioduce some learning, but 
the conditions for the development of per- 
sonality would seem to be either m childhood 
or m genetics Thus personality theones of 
the S-R stripe or any other variety must in- 
herently be concerned about developmental 
issues 

Antecedent-Consequent Analysis of Child- 
Rearmg Consequences The development of 
an antecedent-consequent analysis of the 
growth of the child’s personality would seem 
to have been built around three consecutive 
programs of research orgamzed by Sears and 
his associates and described m three major re- 
ports (Sears et al , 1953, Sears, Maccoby, and 
Levin, 1957, Sears, Rau, and Alpert, 1965) 
and numerous collateral papers Though these 
programs originated m an attempt to apply 
something much like the Hull scheme to so- 
cialization, a number of important modifica- 
tions of the scheme had to be made to 
confront the problem, and it is questionable 
whether the final form of the efforts was m 
any vital way formally dependent upon, or 
a senous test of, the originating learning 
theory 

That Sears was initially concerned to de- 
velop a Hull-hke theory seems clear in his 
presidential address to the American Psychol- 
ogical Association m 1951 

the data of social psychology have been 
meager and those of personality limited mainly 
to clinical observations 

Yet it is clear that further development m 
these fields will require an adequate theory 
By a theory I mean a set of variables and the 
propositions that relate them to one another 
as antecedents and consequents This involves 
such logical impedimenta as defimtes, postu- 
lates, and theorems And it requires the fol- 
lowing of certain rules, such as that the 
definitions of variables must be mutually ex- 
clusive, that intervemng variables must ulti- 
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mately be reducible to operations, that the 
reference events specified as the consequents 
m theorems must be measuied independently 
of the antecedents from which they are de- 
rived and so on The general piocedure of 
theory construction is sufficiently standard 
that it needs no explication here (Sears, 1951, 
p 476) 

Sears' efforts have been most consistently 
concerned with the analysis of dependency 
and aggressiveness m childien, dependency 
construed in the S-R scheme as a secondary 
reinforcement process aiising because the par- 
ent is instrumental foi and contiguous to the 
reduction of primary drives m the child, ag- 
gression analyzed m the terms of the frustra- 
tion-aggression hypothesis, of which Seais 
was a co-developei (Dollaid et al , 1939) 
In the analyses of child-reai mg practices 
which were undertaken, characteristics of 
parents and homes were treated as independ- 
ent variables and dispositions of the child, 
often far removed m time, were treated as 
dependent variables In those analyses, conse- 
quently, Hull's analysis of the force field sur- 
rounding a single S-R episode would not be 
applicable and, instead, we deal with the 
causal connections between antecedents and 
consequents The antecedents and conse- 
quents are not one event, but rather a string 
of events having a similai force as, for ex- 
ample, when a mother consistently punishes 
overt aggiession and the child is regularly 
quite aggressive m doll play In several sig- 
nificant ways, the approach of Sears and his 
group vacated the observational base of the 
learning theorists, slicing the stream of be- 
havioi quite differently, while retaining then 
concern for the dynamics and teiminology of 
S-R analysis 

Sears (1951) has projected an even more 
radical departure of antecedent-consequent 
analysis from conventional behavior theory 
He points out that personality and social psy- 
chology, concerned with interpersonal trans- 
actions, have need of dyadic theorizing which 
acknowledges the two-person interaction This 
seems to be an argument that antecedent be- 
haviors on the pait of one person and conse- 
quent behaviors on the part of another cannot 
be fully comprehended without taking into 
account the fact that the individuals are m 
an established interdependency upon one an- 


othei and, consequently, react to one an- 
other's behaviois in terms of expectancies 
The expectancies of the actors participate in 
the defining of what is to be an antecedent 
or a consequent 

The vanous translations of the Sears group, 
done or projected, move the grounds for dis- 
cussion of their organizing framework a dis- 
tance away fiom the originating learning 
theory tradition In fact, the theory once 
hoped for by Sears has not yet come into 
being His originating efforts had success in 
one sense, they did create a good-sized body 
of leseaich on children's socialization Prob- 
ably, the development of theory has not taken 
place because deductive psychological the- 
ories do not seem as accessible a goal as they 
once did, and because studies of the effects 
of child-rearing practices and interrelation- 
ships of personality variables have not yet 
made it easy to see regularities across studies 
(Kohlberg, 1963, Caldwell, 1964) There are 
still-unsolved technical problems in observing 
such regularities 

Imitation and Social Reinforcement 
Through the work of some of Sear's students, 
there have developed some other veins of 
research into social piocesses m childhood 
These efforts are not dnectly derivative from 
Sears' antecedent-consequent approach They 
are often characterized as social learning the- 
ory They involve small-scale laboratory 
studies using children and in the ideas which 
guide them they make a fresh connection 
with the learning theory tradition 

Bandura and Walters (1963) have set forth 
an important new treatment of the imitative 
process m childien They, like Sears, empha- 
size consideration of the dyadic nature of 
human transactions and they point out con- 
vincing experimental evidence of the signif- 
icance of imitation as a basic mechanism of 
learning They suggest that some modification 
of the learning theories is necessary to account 
for this Accommodation of the learning the- 
ory to imitation has existed for some time in 
treatments by Miller and Dollard (1941) and 
Mowiei (1950), but those treatments are es- 
sentially accounts of the establishment of the 
eliciting powers of the model through rein- 
forcement Expei iments exist which suppoit 
them One can increase imitation by increas- 
ing the lewardmg powers of the model (Ban- 
dura and Huston, 1961, Bandura, Ross, and 
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Ross, 1963) and one can, through reinforce- 
ment, increase the child's generalized ten- 
dency to imitate (Baer and Sherman, 1964) 
Howevei, Bandura and Walters point out that 
individuals without any status m the reinforce- 
ment history of the child — strangers — can 
serve as models for imitation and that there- 
fore imitation can serve as a generalized basis 
for the transmission of behavior patterns out- 
side a context of reinforcement and nonrein- 
forcement 

In the history of the development of learn- 
ing theories, there somehow developed a con- 
sensus that there are two fundamental types 
of learmng, m the Hull-Spence terminology 
called classical and instrumental conditioning 
and in Skinner’s teimmology respondent and 
operant conditioning The assumption that 
there are only these two types has not been 
probed very extensively, probably because it 
is difficult to conceive of a direct test of the 
far-reachmg assumption thot one or two learn- 
ing processes are the piototypes of all adap- 
tation One can ask if at least one of the two 
types is detectable in all species which give 
some evidence of learning, one can ask if at 
least one of the two mechanisms is detectable 
m infancy coexisting with the first clear signs 
of environmental adaptation, one can ask if 
all forms of adaptation which do not look like 
these two types aie somehow reducible as 
special cases of them The first two kinds of 
tests have been spoiadically attempted (eg, 
Hilgard and Marquis, 1940, p 30-32, Lip- 
sitt, 1963) without any strong contradiction 
of the existence of the basic dichtomy With 
respect to the third test, things are more am- 
biguous, because it is always debatable 
whether or not an analysis of an observed 
adaptation does or does not successfully re- 
duce it to the proposed basis Thus, there now 
exist a set of observed forms of adaptation 
whose relationship to classical and instrumen- 
tal conditioning has at best been conjectural 
sensory preconditioning, habituation, stimulus 
predifferentiation, learning sets, sensitization, 
imprinting, and imitation Several of these are 
of consideiable interest to the child psychol- 
ogist, because they imply accounts of the de- 
velopment of the child through experience not 
conceived as reinforcement history Imitation, 
in one sense firmly linked to behavior theory, 
is a good case in point* 

Bandura (1965b) has offered an incisive 


and scholarly analysis of the mechanism of 
imitation and its influence, and his leview sets 
the imitative tendency within the learning 
theory framework, with one or two amend- 
ments Observational learning does require 
the assumption that imagmal and verbal rep- 
resentation of a model's behavior can be de- 
veloped in the observer thiough contiguity, 
and that such lepresentations can then serve 
as directions (“discriminative stimuli,” “tem- 
plates”) for the organization of the observer's 
subsequent behavior The tendency to imitate 
gives to the child a mechamsm of “no-tnal 
learning,” Bandura's phrase, which would en- 
able him through observation of others' be- 
havior to develop new response patterns 
(Bandura, Ross, and Ross, 1961, Bandura, 
Giusec, and Menlove, 1966), modify his be- 
havior according to the permissions and prohi- 
bitions m his environment, (Walteis and 
Parke, 1964), and interpret his own emotional 
reaction to it (Schachter and Singer, 1962) 
Evidence that obseivation will accomplish 
these things has been provided in a great 
numbei of experiments (Bandura, 1965b) 
Imitation thus provides a basis for a broad 
spectrum of adaptation, and it could account 
for an enormous amount of the child's learning 
m life Bandura argues that, m fact, it must 
be quite pervasive in its influence because of 
its efficiency, because there are so many kinds 
of adaptation to physical and social usks 
where trial-and-error learmng would be incon- 
ceivable, and because the child learns so 
much for which it is difficult to imagine a 
reinforcement shaping history 

Whether or not the imitative tendency de- 
rives from the mechanisms of learning theory, 
the wide practical importance of imitation 
envisaged by Bandura would seem to necessi- 
tate a radical reorientation of experiment and 
theory having to do with children's learning. 
Most of our studies of children's learmng are 
not intentionally conceived as dyadic If 
imitative learning is a central factor, this ex- 
perimental emphasis needs to change 

Most of the experimentation on imitation 
to date has attempted to demonstrate the 
range of effects it can have and it has been 
incidentally directed at establishing its precise 
linkages to processes of classical and instru- 
mental conditioning The delayed reproduc- 
tion of the model's behavior requires that 
there exist within the subject imagmal and 
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verbal representations of the models series of 
stimuli, which, m turn, serve as discriminative 
stimuli guiding the observers reproduction 
These, it is argued, are cue-producing sym- 
bolic responses developed according to the 
usual associative learning principles Again, 
here, there is an appeal to central represen- 
tational elements which, by the very nature 
of the imitative phenomenon, must be some- 
thing more than the single cue-producmg re- 
sponse conditioned to the single stimulus This 
is a substantial admission of a central oper- 
ator, though not all concede its necessity 
(Gewirtz and S tingle, 1968) 

The radical theoretical reorientation pro- 
vided by imitation comes where one tries to 
pi eject outward from mechanisms and func- 
tions toward some kind of account of the 
child's development through expenence One 
does not have to search the child's history foi 
hypothetical reinforcement sequences which 
could shape him toward adulthood, one 
imagines, m addition to this, an extensive in- 
fluence of unremforced observation of others 
In so doing, the learning theory view veers 
abruptly toward the reconstructions of the cog- 
nitive development of the child offered by 
Piaget (1962) and of his psychosocial de- 
velopment by Kohlberg (Kohlberg, 1966), 
ostensibly treatments offered from a point of 
view quite different from the learning theory 
tradition These offer free play to central 
operations, whereas the representational 
scheme offered by Bandura is used judiciously 
simply as a carrier of the model's earlier per- 
formance to the observer's later copy If one 
assumes the possibility of central operations 
upon such a earner, and it seems more likely 
than not that evidence for this could be de- 
veloped, one forms an alliance with the con- 
structions of Berlyne's neobehaviorism All in 
all, the introduction of a mechanism of imita- 
tion would require a rather drastic revision of 
all previous projections from the learning the- 
ory framework 

Another large vein of research activity has 
been developed from studies of a special 
dyadic situation, conceived as a paradigm for 
the study of social reinforcement In this situ- 
ation, the rate at which a child performs a 
simple repetitive response, his baseline, may 
be increased or decreased by supportive com- 
ments delivered by others, This measurement 
of the effectiveness of a social stimulus 


through its ability to deflect ongoing steady 
behavioi is analogous to a technique widely 
used for the study of fear m animals, where 
the effects of a fear-evoking stimulus are mea- 
sured by its ability to elicit cessations m a 
stieam of positively rewarded responses 
(Estes and Skinner, 1941) Here, the de- 
velopment of a considerable body of data re- 
flecting manifold and complex social influences 
upon the child's behavior has been, so far, an 
inductive process without much accom- 
panying theoretical development (Stevenson, 
1965) The experimental paradigm is treated 
curiously like a behavioristic projective test 
for uncovering the effects of social motivation 
Not all are agreed that a social motive, per se, 
is involved One issue, an effect of isolation 
on social reinforcement first described by Ge- 
wirtz and Baer (Gewntz and Baer, 1958a, 
1958b, Gewirtz, Baer, and Roth, 1958) has 
led to extended leplication and the develop- 
ment of several possible lines of explanation 
of social influences m this situation (Walters 
and Ray, 1950, Erickson, 1962, Stevenson 
and Odom, 1962, Hill and Stevenson, 1964, 
Lewis, 1965, Rosenhan, 1967, Landau and 
Gewntz, 1967, Gewntz, 1967) These offer, 
m microcosm, a spectium of S-R treatments 
of social influence in the contemporary lit- 
erature 

THE EXPERIMENTAL ANALYSIS OF 
BEHAVIOR 

In our discussion of the learning theory 
tradition m child psychology, we have been 
using an organization which simplifies discus- 
sion but is slightly inaccurate We have dis- 
cussed basic research and theory building 
laigely as derivative from the Hull-Spence 
tradition, and we will now proceed to discuss 
the expenmental analysis of behavior (“de- 
scriptive behaviorism,” “functional analysis,” 
“operant analysis”) largely as a platform for 
applied efforts Within child psychology, the 
pattern of contemporary work is mostly ar- 
ranged this way — though one must note the 
existence of behavior therapies built from the 
Hull-Spence analysis or extensions of it (eg, 
Wolpe, 1958, Bandura, 1961, 1965a), and 
theoretical arguments using the viewpoint of 
functional analysis (eg, Gewirtz, 1961, Ge- 
wirtz and Stmgle, 1968) The divergence be- 
tween the two treatments of stimulus-response 
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analysis is substantial and there is a sense in 
which it almost subsumes the applied-basic 
distinction Functional analysis searches for 
those environmental conditions which control 
the animal's behavior, the behavioi theorists 
are always concerned with the adequacy of a 
network of postulated relationships among 
variables One tries to manage the subject and 
the other tries to explain him, these differ- 
ences m approach are there whether the view 
is toward basic or apphed problems, and 
whethei the topic is learning 01 social be- 
havioi 

Again, here, we deal with an S-R program 
that was first well developed outside child 
psychology and which then exported com- 
ponent efforts into it The general systematic 
stance of the program is familiar to most psy- 
chologists (Skinner, 1938, 1953, 1959b, Kel- 
ler and Schoenfeld, 1950, Holland and 
Skinner, 1961, Hilgard and Bower, 1966, 
Reynolds, 1968) Despite the popularity of 
the appioach of experimental analysis, there 
aie not many ideological fissuies within the 
group subscribing to the program On the 
surface, at least, this is a movement which 
deliberately travels light theoretically and 
perhaps because of this it has not generated 
the proliferation of idiosyncratic analyses and 
speculative theonzmg which now has acted 
to partition off subgroups of individuals who 
have become speciahzed m then commitment 
to behavioi theory To a lather remarkable 
extent, the individuals committed to func- 
tional analysis have held to those thrusts set 
up by Skinnei 

A good deal of the umqueness of func- 
tional analysis seems to have been laid down 
in a special treatment of animal research, first 
fully described m 1938 m Skinners The Be- 
havior of Oigamsms An animal is bi ought to 
repeated delivery of an index response by a 
shaping procedure m which successive ap- 
proximations to the response are rewarded 
When the animal regularly deliveis the re- 
sponse, his rate of delivery — the basic datum 
of this method — is subject to manipulation 
by various schedules of reinforcement, fixed 
programs of reward contingency and time 
interval which govern whether and when the 
running i espouses of the animal will bnng 
a remf oi cement When an animal adopts a 
stable and characteristic pattern of response 
to the schedule, the schedule is said to con- 


trol his behavior Similarly, when a stimulus, 
signalling the enforcement of a particular 
schedule, influences the animal's behavior, 
there is said to be stimulus control There 
may, also, be compoundings of stimuli and 
schedules offering too much intricacy foi 
straightforwaid adaptation by the animal, 
then a second-oidei shaping piocess is de- 
vised m which one begins with a simple 
schedule and moves to successive approxima- 
tions until the animal is adapted to the mul- 
tiple schedule This constant emphasis on 
control "sets" the system m the direction of 
the behavior engineering efforts toward which 
it has tended Where the traditional motto 
of hard-nosed psychology has been "Predict 
and Conti ol,” a different kind of scientific de- 
terminism is called into play heie, a detei- 
mmism in which one controls and therefore 
predicts 

Method, this method of working with sub- 
jects, is one important unifier of those inter- 
ested in the expenmental analysis of behavior 
There has been sustained laboratory exploia- 
tion of schedule effects accompanied by the 
innovation of new schedules Some of the 
schedule information has been codified an a 
large handbook (Ferster and Skinner, 1957) 
and, since 1958, more has appeared regularly 
in the Journal of the Experimental Analysis 
of Behavior devoted almost exclusively to the 
development of the method Some have 
argued that the widespread influence of Skin- 
ner's systematic writings has been brought 
about by the utility and vei satility of bis ex- 
penmental procedures Such an argument has 
a little evidence going for it Skinner's expen- 
mental chamber is an unusually convenient 
way of gathering behavioral data from ani- 
mals simple, automatable, sensitive, and 
flexible, it has been given extensive technical 
development, and it is now one of the bread 
and butter items of the psychological equip- 
ment industry 

Despite all the obvious usefulness of the 
operant paradigm, it would be a senous 
underestimation of the intellectual force of 
the program built around it to see that pro- 
gram only as sophisticated gadgetry with an 
ideological penumbra The program, by 
choice, does not espouse a theory of behavior 
(Skinner, 1950) However, a unique ap- 
proach to the study of behavior has been 
gradually developed m association with the 
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instmxnentation which, if it is not a theory, 
at least stands m serious competition to othei 
approaches which include theoretical pro- 
posals 

Operant Conditioning Paradigm and 
Approach 

Skinner (1959), m a classic piece of sci- 
entific autobiography, has been kind enough 
to the future psychologist to give a stiaight- 
forward chronological account of the develop- 
ment of his paradigm The paper has a wry 
quality characteristic of much of Skinner’s 
writings, it tells a candid story of the bum- 
bling, chancy process of scientific discovery 
in the laboiatory, and that story takes on 
satiric overtones because it is given in re- 
sponse to a rather solemn and foimahzed 
survey of the methodological status of psy- 
chology This mixture of seriousness and sar- 
donic irreveience extends beyond Skinner, it 
is a part of the style of the experimental anal- 
ysis movement, which we will have occasion 
to refei to again We know from the paper, 
at any rate, that the development of the para- 
digm was not a calculated innovation m psy- 
chological outlook That innovations flowed 
from the method would confiim a point which 
Skinnei might like new behavioi by the ex- 
perimenter is tantamount to new thinking by 
the experimenter 

Used as a basic research instrument, the 
operant conditioning paradigm has some 
unique features which may set the stage for 
some of the uniquenesses in the generalized 
approach of the experimental analysis group 

Subject-Experimenter Relation. The oper- 
ant conditioning technique has a peculiar im- 
mediacy which is a little difficult to describe, 
one must see the technique m operation for 
a while in order to appreciate it A frequent 
objection to the paradigm is that, figuratively 
and often literally, it obscures the animal 
The animal, shut inside an experimental 
chamber, becomes a featureless thing to 
which one pumps m cues and pellets and 
fiom which one gets the movements of count- 
ers and pens The charge is that the experi- 
menter has avoided the opportunity to be 
enlightened by naturalistic observation of the 
animal, as to a certain extent he has, but a 
peculiar leverse compensation emerges In no 
other experimental format are the hard data 
so much on line with the experimenter’s ac- 


tivity In most experimental formats, the ex- 
perimenter will not fully see the force of his 
data until some time after he has seen his 
subjects, he must group, average, compute, 
plot, to know exactly what the subjects did 
In the opei ant conditioning paradigm, the 
experimenter facing his buttons and switches 
and cumulative recoiders is virtually m dyadic 
relationship with his subject The subject’s be- 
havior shows a ceitam rate of response, the 
experimenter changes something, the animal 
very soon begms to visibly change his behav- 
ior pattern One suspects that m the experi- 
ence of this immediacy may be the ongm of 
the woid “control” so widely used m experi- 
mental analysis 

Procedural Flexibility. Most psychological 
research formats aie what one might call test- 
ing formats, m that a fixed procedure is ap- 
plied to a group of subjects who do more or 
less adequately in response to its demands 
In the operant conditioning procedure, per- 
haps because of the immediacy which we 
have just discussed, piocedure is often not 
fixed but lather there is an informal feedback 
from the subject’s behavior to the procedure 
The experimenter is flexible and opportunistic 
m his initial shaping of the animal’s mdex 
response and, similarly, he proceeds by rea- 
sonable-seeming steps in his attempts to make 
various schedules assume control over the 
subject’s behavior Here, too, we arrive at an 
estimate of the subject’s capacity but we make 
that estimate m a training format and the 
estimate has somewhat diffeient implications 
On the negative side, one must accept the 
fact that the training format is not only an 
estimate of the capacity of the subject as 
adaptei but also, to some extent, of the ca- 
pacity of the experimenter as trainer On the 
positive side, the expenmentei is given the 
flexibility to probe freely, to find out just what 
environment it takes to get the adaptation, 
and to get a more rounded picture of the 
exact circumstances upon which the adapta- 
tion depends In principle, the sequential 
probing necessary foi this could be done using 
judicious sequences of fixed-procedure experi- 
ments but this is time consuming and, m 
practice, such follow-thiough experiments are 
raiely executed 

Single Case Work Opeiant conditioning 
typically generates relatively great quantities 
of recorded responses from a single subject, 
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and this stieam of responses giaphed on a 
cumulative recordei is, m effect, "smoothed” 
so that stable patterns of responding aie seen 
in the single case lecord In the more usual 
experimental foimats, one cannot have ob- 
jective, visible pictures of trend unless the 
records of a numbei of individual cases are 
averaged together Moment-to-moment aber- 
lations of the individual's response are m 
either case washed out — in the case of oper- 
ant conditioning washed together with the 
individual's latei responses, m the more usual 
formats aveiaged with the responses of othei 
individuals The latter device, grouping across 
individual diffeiences, piesents some known 
problems because gioup tiends may be mis- 
chievously fictitious representations of behav- 
ioral regularities (Sidman, 1952) The classic 
case m psychology is wheie one way of gioup- 
mg data leads one to talk about a gradual 
learning process, and another way to consider 
sudden learning (House and Zeaman, 1960, 
White and Plum, 1964) It is true that experi- 
mental analysts have been prone m the past 
to accept the lesults of one or two well- 
worked case studies to be generalizable to all 
individuals (or, occasionally, to all species), 
but this is not an intrinsic flaw of the method 
Behavior, Dispositions, and Time. The abil- 
ity of the opeiant conditioning format to pic- 
ture stable trends m the individual subject is 
of some impoitance because this, m turn, 
brings about a subtle but important reorien- 
tation to psychological terminology Much 
more than any other psychological paradigm, 
the opeiant conditioning paradigm develops 
information about the subject m real time It 
deals with late of reaction, behavior-and-time, 
rathei than behavior frozen, sectioned, and 
stained Temporal and frequency character- 
istics aie “in” the descriptive terminology 
Most other psychological work envisages a 
typical situation, a test or a trial, conceived 
as something administered to the subject to 
probe his dispositions to behave One has 
repetition of the "same thing” over time The 
Hullian theory, as we have seen, poses its en- 
tire theoietical analysis as an analysis of the 
vectozs that impinge on the subject's behavior 
in a prototypical trial To abstract behavior 
from the flow of time in this way leads one, 
seemingly inevitably, to reified nommaliza- 
tions Some characteristic of the subject leads 
one to conclude that the subject ts some- 


thing — intelligent, anxious, creative, fearful, 
rigid, retarded, mature, immoral, etc , etc It 
then takes repeated sophisticated dialectic to 
keep the term in propel bounds, to keep re- 
iterating that most statements of psycholog- 
ical disposition m the subject are not meas- 
uiements of some part of him or tiuth about 
him, that a dispositional statement m psychol- 
ogy usually states some probabilistic consist- 
ency m a subject that depends upon a 
situation for its mamfestation and that it usu- 
ally alludes to some characteristic which he 
shows relatively more frequently than others 
Opeiant analysis, which looks at adaptation 
as an increase* oi decrease of rate from base- 
line, which does not deal with the typical but 
the recurrent, somehow has a natural way of 
keeping psychological nominalizations on 
what would seem to be a moie realistic plane 
of discourse 

Descriptive Behaviorism We turn finally, 
to the last special chaiactenstic of expenmen- 
tal analysis, one that seems linked to the spe- 
cial set toward terminology given in this 
approach All stimulus-response psychology 
emphasizes pai simony and edges toward noth- 
mg-butism, but the experimental analysis tra- 
dition is easily the most ladical in its insist- 
ence on purely behavioral terminology Not 
only the soft words which give all psychol- 
ogists tiouble, but also the ordinary little En- 
glish words (“need,” “try,” "see,” "want”), 
or the terminology of behavioi theory 
("habit,” "drive,” “motive,” “fear”) are fre- 
quently given semantic quotes m the writings 
of the experimental analysts Teimmology 
which asserts or implies central states of the 
subject is thus consistently handed to the 
reader between thumb and forefinger, as 
something which it is necessaiy to use but 
which one really cannot fully accept At the 
same time one is given redefinitions m those 
writings, again and again and again, like a 
htany 

When a man controls himself, chooses a 
course of action, thinks out the solution to a 
problem, or strives towards an increase in 
self-knowledge, he is behaving (Skinner, 
1953, p 228) 

To the question What is drive P, we must 
now answer that drive as the name for a 
fact — the fact that certain operations can be 
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performed on an organism (for example, de- 
priving it of food) that have an effect upon be- 
havior which is different from that of other 
operations Drive is not a thing (Keller 
and Schoenfeld, 1950, p 265) 

The debunking quality of these repeated 
disclaimers from time to time 30 ms with the 
wry style of the group to produce what seem 
to be calculatedly barbaric allusions 

Most opei ants occur with a high frequency 
only undei certain conditions One rarely, if 
ever, recites the Gettysburg address unless 
faced with an audience of listeners 
(Reynolds, 1968, p 9) 

The remforceis portrayed m Heaven and 
Hell are far more powerful than those which 
support the "good” and "bad” of the ethical 
group or the ‘legal” and “illegal” of govern- 
ment conti ol, but this advantage is offset to 
some extent by the fact that they do not actu- 
ally operate in the lifetime of the individual 
In actual piactice a threat to bar from 
Heaven or to consign to Hell is made con- 
tingent upon sinful behavior, while virtuous 
behavior brings a promise of Heaven or a re- 
lease from the threat of Hell (Skinner, 1953, 
p 353) 

To most psychologists not soaked m this 
style of discourse such statements have a 
staithng quahty The classification of the 
Gettysburg Address as an "operant” mstantly 
brings to mind all of the qualities of the 
Gettysburg Address which the author of this 
quotation is not taken into account The 
portrayal of Heaven and Hell as cosmic tech- 
niques for lekgious control seems like jargon- 
lstic imperialism earned off into infinity But, 
by and large, this is a group which when 
wnting outside its own technical journals is 
rather sensitive to words and jargon One con- 
cludes, eventually, that there is a certain base 
rate of leg-pulling, a certain geneialized will- 
ingness to put grandiosity and pomposity m 
its place wherever the occasion occurs, m such 
wntmgs But it all has a serious edge Directly 
and indirectly, seriously or half-humorously, 
the expenmental analysis gioup maintains a 
steady attack on the psychological discourse of 
everyday language and of everyday psychol- 
ogy, which it conceives of as a flawed lexicon 


where descnptions of behavioial events are 
mixed with gratuitous and often unrecognized 
assumptions 

In the pieceding discussion, we have tried 
to deal with certain specializations of outlook 
which have become associated with the ex- 
perimental analysis of behavior These are 
seen as capitalizations upon the new outlook 
offered by the method of operant analysis 
which, m the aggregate, amount to a new 
way of doing business with psychological 
data (Sidman, 1960) As expenmental analy- 
sis has moved into child psychology, its pro- 
ponents have developed a pattern of effort 
quite different from the work built out of be- 
havior theory 

Functional Analysis of the Child's Behavior 

In the dozen years or so since the experi- 
mental analysis of behavior has been brought 
m volume to the study of children's behavior, 
it has undergone a rathei lapid evolution Be- 
ginning m the middle 1950s, Bijou (1955, 
1957, 1958a, 1958b, 1961, Bijou and Sturges, 
1959, Bijou and Baer, 1960, Bijou and Or- 
lando, 1961) pubhshed a senes of laboratory 
reports which desenbed the begmnings of a 
laboratory exploration of schedule effects with 
children, but the development of such a lab- 
oratory effoit quickly abated m the child 
psychology literature and laboratory work is 
not, at this writing, prominent m the emerg- 
ing literature In its place, there has come a 
second wave of development of apphed efforts 
toward behavior modification 

The deployment of techniques of behavior 
modification is at this moment proceeding 
with great rapidity An increasing body of re- 
ports now exist which demonstrate some ef- 
fectiveness of behavior modification across a 
good sample of problems and subject char- 
actenstics In work with diagnostically normal 
children, there have been reports of obtained 
improvement in cases of regressed crawling 
(Harris et al , 1964), vomiting (Wolf et al, 
1965), mutism (Kerr, Meyerson, and Michael, 
1965), prolonged crying (Hart et al, 1964), 
isolation or timidity in play (Allen et al, 
1964, Johnston et al, 1966), tantrums (Wil- 
liams, 1959, Wolf, Risley, and Mees, 1964), 
and stuttering (Goldiamond, 1965) At the 
same time, behavior modification techniques 
have been brought into use with various di- 
agnostic groups and there has been some 
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demonstiated improvement of behavior prob- 
lems of handicapped children (Meyerson, 
Ken, and Michael, 1967), bram-injured (Hall 
and Broden, 1967), retarded (Bimbrauei et 
al , 1965, Wiesen et al , 1967), autistic (Wolf, 
Risley, and Mees, 1964, Metz, 1965), and 
schizophrenic patients (Lovaas et al , 1965, 
Hmgtgen, Sanders, and DeMyei, 1965) Be- 
havior modification techniques have been 
brought to educational issues and used for 
remediation of reading problems (Staats et 
al , 1964, Staats, 1965) and for the better- 
ment of the classioom gioup’s functioning 
(Zimmerman and Zimmerman, 1962, Biown 
and Elliott, 1965, Mithaug and Burgess, 
1967, Quay et al , 1967) Here the movement 
toward behavior modification joins anothei 
great applied offshoot of experimental analy- 
sis, the movement toward piogrammed in- 
struction We come almost full circle when 
we find fine-tooled programming efforts which 
have a searching quality and an analytic edge 
usually thought to be characteristic of the best 
“basic” research (eg, Sidman and Stoddard, 
1966, 1967, Stoddaid and Sidman, 1967, 
Stoddard, 1968, Touchette, 1968 
The conveying of experimental analysis out 
of the laboratoiy and into a series of applied 
efforts raises seveial interesting questions 
There is nothing unique to child psychology 
about this trend to practical intei vention The 
applied efforts m child psychology are part 
and parcel of a movement toward intei ventive 
effoi ts led by Skinner and charactenstic of 
the gioup interested m experimental analysis 
For most psychologists, this leap from the lab- 
oratoiy into application violates the expected 
The traditional wisdom says that scientific de- 
velopment proceeds by a crystallization of 
basic lesearch information into systematic 
theoiy and then by an extension of theory 
to the design of solutions foi practical prob- 
lems There is a lhetonc m the behavior 
modification and programmed learning which 
goes towaid this model The applied efforts 
are sometimes said to be applications of “lab- 
oratoiy pi maples of learning” Such claims 
are usually dropped into discussion without 
elaboration and, m tiuth, one familial with 
the psychological learning liteiatuie has a 
haid time finding backing foi it, The center- 
piece of psychology’s conception of learning, 
the law of effect, is hardly a discovery of the 
twentieth century oi a novelty m human en- 


gineering The lore of the research litera- 
ture — the regularities and laws and curves — 
does not seem to have manifest value for ap- 
plication nor is its presence easily detected 
as an influence on behavior modification ef- 
forts Without the backing of laboratory 
proofs, the traditional wisdom would tend to 
question the legitimacy of the scientific va- 
lidity of such work 

However, one feels distinctly uneasy about 
the dismissal of such efforts as scientistic 
adventurism The traditional wisdom presup- 
poses basic research as an enterprise cumu- 
lating hard, systematic data, which gradually 
give an explanation or an understanding of 
the critical issues of a discipline, the point of 
the learning theory movement seems to have 
been to set up exactly that kind of cumulative 
enteipnse, and one point of the second Amer- 
ican revolution seems to be that learning the- 
ory failed to be convincing m its efforts One 
can, more generally, ask whethei the basic 
research of psychology has yet shown the 
trend towards utility One can ask whethei the 
applied versus basic distinction m psychology 
can be given full credence Do we really get 
moie incisive information about human be- 
havioi from within than from outside the lab- 
oratoiy? Have psychoanalysis and psychomet- 
ucs taken moie from the laboratory than they 
have given to it? In view of such reservations, 
it is conceivable that here, as elsewhere, one 
finds Skinner finessing the traditional concep- 
tions of scientific development of the disci- 
pline to work fiom an intuitive, and perhaps 
truer, conception of what moves it is possible 
foi psychologists to make 

What has come fiom the laboratory into be- 
havior modification? Not a theory Not laws of 
learning, as they are usually conceived What 
has come from the laboratory is an analytic 
posture, the tendency to construe behavioial 
affairs as a history of recuirent responses mod- 
erated by contingent reinfoi cement influences, 
and some methods of manipulating such re- 
sponses In two small books. Bijou and Baer 
(1961, 1965) have given a rough sketch of 
the child in his envnonment, giving full al- 
lowance to biological and matuiational factors, 
but essentially aigumg that the impingement 
of the environment upon the child’s behavior 
and his adaptation to it can be envisaged in 
terms of his reinforcement history — that is, in 
terms of respondent and operant conditioning 
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and certain elaborations of those mechanisms 
which lead to discrimination, differentiation, 
and chaining A sweeping regulanzation of 
the child as a behaving system is involved 
“The developing child may be adequately re- 
gaided, m conceptual teims, as a cluster of 
interi elated responses interacting with stim- 
uli” (Bijou and Baei, 1961, p 14) 

This is the analytic posture of experimental 
analysis toward the child It is a less simple 
postuie than it would appear to be on the 
surface The stimulus and response are ob- 
servable events, parts of behavior and en- 
vironment, but which parts are germane to 
the psychologist aie selected empirically m 
terms of observed functional relationships A 
stimulus or a i espouse enters into the psy- 
chological analysis only when it has been 
shown to entei a functional equation In a 
peculiai way, without relinquishing a positiv- 
istic stance, the analysis embiaces a phe- 
nomenological point The subject participates 
in the definition of what is a stimulus for him 
Stimuli and responses are grouped into equiv- 
alence classes m a similar way, by empirically 
observed functional equivalence This device, 
in turn, allows the system to collect disparate 
observables into types oi syndromes without 
tying them together tlnough a central mech- 
anism oi state Some would argue that these 
definitional devices go a long way around to 
avoid what seems obvious that theie is a 
center, which accomplishes these special 
selections of stimulus and lesponse It may 
be said, however, that the analysis simply 
asserts m a principled way what most psy- 
chologists actually do m their development 
of nomenclature for environment and be- 
havior 

With the developing child so pictuied, his 
response patterns, seen as a set of operants, 
become manipulable in much the same way 
as the index response of the laboratory Hypo- 
thetically, at least, they should be subject to 
shapmg, extinction, and the effects of various 
schedules, just as the pigeon’s window peck- 
ing oi the rat’s bar pressing operants Unlike 
the laboratory case, of course, one does not 
have one’s subject on a deprivation schedule, 
the child subject is not working for food oi 
water or shock avoidance The experimental 
analysts working with children have there- 
fore had to be concerned with the critical 
question of reinforcement controlled by the 


expei imenter Money, food, and tokens have 
been used m some cases In most, the be- 
havior modification effoits have relied upon 
the most natural and ubiquitous source of 
contingent reinforcement in the human en- 
vironment, the approvals and disapprovals 
registered by teachers, parents, peers, or ex- 
pel imenter The appioach that weaves all this 
together into an applied program builds from 
the unique emphases of the laboratory ap- 
proach, the set toward control, the piocedural 
flexibility, the willingness to work with single 
cases, and the stress on behavioristic exempli- 
fication of nominalisms 

The positivism m which this work is con- 
ceived makes it difficult, at this stage, to dis- 
cern how the behavior modification effoits 
can or will contribute to some betterment 
of oui understanding of the child The 
understanding of learning, or of the develop- 
ment of the child, upon which the movement 
now proceeds is, from the perspective of most 
psychologists, lelatively rudimentary, the 
movement sets aside most of the enormous 
mass of information and speculation about 
learning and development whose significance 
now bedevils the understanding of the mass 
of psychologists It seems to get along with- 
out it In some writings, there is an edge of 
hostility toward traditional psychological ter- 
minology, which is seen as mystifying or ob- 
scuung matters that are straightforward when 
they are examined m behavioral teims Mey- 
erson, Ken, and Michael (1967) quote an 
imaginary dialogue about mental retardation 
in this spmt 

“Why doesn’t Mary walk?” 

“Well, she’s severely mentally retarded, and 
it is not uncommon among the severely men- 
tally retarded that they don’t walk ” 

“I see, but what is the reason for it?” 
“She’s slow m development ” 

“I see And what is it that is lesponsible 
for her slow development?” 

“It is the fact that she is mentally retarded ” 
“I see And how do you know that she is 
mentally retarded?” 

“Why you can see for yourself She doesn’t 
walk, she doesn’t talk, she isn’t toilet trained 
and doesn’t do many other things like a men- 
tally normal child” (Meyerson, Kerr, and 
Michael, 1967, pp 224-225) 
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This quotation alludes to the tendency of di- 
agnosticians to label behavior disorders as 
manifestations of a central pathology which 
often cannot be independently substantiated 
Without some neurological or biochemical 
evidence to the contrary, the behavioral mod- 
lfiei prefeis to deal with psychotherapy as a 
cluster of deviant behaviors, capable of le- 
moval by training efforts which shape the be- 
haviors towaid the normal lange That an 
abnoimal behavior pattern can be deflected by 
reinf 01 cement piocedures is sometimes taken 
as puma facie evidence that that the abnor- 
mality was originally learned In the case of 
childhood autism, an origin m reinforcement 
history has been speculatively traced out 
(Ferster, 1961) 

Most psychologists see the processes of 
adaptation, psychotherapy, and child de- 
velopment m more complicated ways than 
they aie envisaged m much of the rhetonc 
surrounding behavioi modification The early 
successes of the behavior modification efforts 
are quite provocative, but there are not yet 
the definitive successes which might serve as 
a kind of shield foi the line of reasoning that 
lies behind them The problems they seem to 
have definitely cleared up are minor, and one 
suspects a technology of behavior modification 
would not be needed to solve them Patients 
with significant diagnostic entities have been 
benefited but not yet to a practical extent 
Skepticism is still possible Earlier applied 
efforts growing out of the experimental analy- 
sis movement have not yet had uneqmvocal 
success Behavior shaping developed as a 
commercial ammal training venture ultimately 
did not prove fully adequate to its proponents 
(Breland and Breland, 1961) Teaching ma- 
chines and programmed learning have as yet 
only a tiny and uncertam place m the Amer- 
ican educational system Behavior modifica- 
tion must survive the period of early 
enthusiasm before its practical and theoretical 
weight can be felt 

That die movement may develop consider- 
able theoretical significance seems likely 
Amencan mquiiy into children s learning and 
cognitive processes has probably been a little 
too well-designed and well-controlled, the in- 
quiry could use a clinical edge. The behavior 
modifiers and piogrammed learners have 
thrown open a window to the child m his 
natural confrontation with the issues of adap- 


tation and education Already, reading m the 
case piotocols, one can find significant and 
provocative accounts of side effects of inter- 
vention, side effects moie interesting than the 
leinforcement effect itself In some of the in- 
tervention piocedures themselves, one suspects 
that there aie moie agents than reinforcement 
schedules at work upon the subject, the focus- 
ing of his attention, the oiganization of his 
behavior over time, the i eduction of stress — 
which might require more than the law of 
effect for their conceptualization Behavior 
modification techniques right now lepresent 
new behavior foi the experimental psychol- 
ogist, behavior which is currently being rein- 
foiced, and one might reasonably expect that 
behavior m the terms of that discouise to 
eventuate in what others might call new 
thinking 

SOME SUMMARY 
COMMENTS 

In this section, before turning to a consid- 
eration of the Russian form of stimulus- 
lesponse analysis, it seems well to try to give 
some general perspective on the contemporary 
influence of the learning theory tradition It 
must be said, again, that the problem of ob- 
taining such a peispective is considerable 
Within child psychology, one finds a senes of 
outcroppings of the learning theory tradition, 
heterogeneous withiespect to the amount and 
depth of the issues they address m the litera- 
ture of child psychology, relatively more ho- 
mogeneous in their conception of procedure, 
method, strategy, significant variables, termi- 
nology, and the nature of scientific develop- 
ment The homogeneities he m the diverse 
connections of the various efforts with the 
programs of Hull, Spence, and Skinner and, 
behind them historically, we find what seems 
to be the least common denominator of the 
group as a whole, the learning theory point of 
view, formed before the learning theories in 
the Behaviorism of the 1910s and 1920s 

For child psychologists at least, the tradi- 
tion offeis no aiticulated learning theory or 
even a theory of child development It never- 
theless has a "position” that is generally 
understood and, m the sloganizing way m 
which various theoretical positions are often 
seen to be m contention, it stands as a force 
against the geneticism of Piaget and Werner 
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in that it is usually seen as a debatei which 
is insistent on environment, learning, rein- 
forcement, and penpherahsm, against others 
who contend for maturation, stages, develop- 
ment, and central structures as causative 
agents The debating position is not imag- 
inary, the characteristic arguments regularly 
flicker m the writings of the S-R proponents 
But there is no one drawn-together statement 
of the position acceptable to all proponents 
The only approximation to it is the pair of 
short books by Bijou and Baer (1961, 1965), 
but those two volumes would probably seri- 
ously misrepresent the S-Rism of Berlyne, of 
Bandura, and of the Kendlers 

Looked at more closely, the liteiature of 
the learning theory tradition reveals its di- 
veisity and within that diversity another, less 
recognized, pattern The theoretical wing of 
the literature, largely descended from the 
Hull-Spence tradition, has less and less been 
preoccupied with the characteristic variables 
and system-building of that tradition, but has 
more and more drawn toward the edge of the 
behavioristic grounds The basic research and 
systematization is building around issues of 
novelty, familiarization, attention, mference, 
strategy, and imitative learning Those con- 
cerned with the experimental analysis of be- 
havior have more and more moved toward 
mterventive and applied efforts where, holding 
to the behavioristic view of affairs, they have 
nevertheless moved into ground which most 
psychologists would consider out of the reach 
of a purely behavioristic conception The 
stimulus-response analysis holds the method- 
ological ground it has generally always held 
m psychology, that of a conservative, behav- 
lonstically parsimonious physicalism though 
that giound become more difficult to hold as 
proponents are pulled with the general trend 
of psychology toward a new cognitivism, an 
interest m biological variables, and matura- 
tion 

The cause of this difficulty is of some inter- 
est The general tendency and the natural 
tendency is to view the learmng theory tra- 
dition as a general conception of human 
nature, and to consider its adequacy m that 
regard Seeing the learmng theory tradition 
m this way, one can recognize the force of 
certain devastating criticisms of the position 
which have regularly appeared recently, and 
one can anticipate the early demise of this 


peculiarly shortsighted construction of the last 
generation of psychologists Or, taking the 
longer view, one may recognize m the learn- 
ing theories their descent from traditional As- 
sociatiomsm, and one may see in their waning 
the cure of a much older obsession 

Associatiomsm has been our only leally 
general theory since we began to think about 
human behavior It may be that m this com- 
plicated field we have stumbled upon the 
right answei at oui first attempt, that some- 
how or another we already find ourselves m 
the alley leading to the food-box with only 
minor obstacles to surmount The likelihood 
seems small, for the maze must be large Al- 
ternatively we have been scrabbling for a 
century or two at the rather ill-defined end 
of a cul-de-sac whose entrance was rendered 
attractive m the eighteenth century by the 
rapid growth of classical physics and, above 
all, chemistiy History would support the latter 
alternative” (Drever, 1968, p 27) 

The learning theory tradition is waning, 
and the aiguments against it have consider- 
able point, but one misses one point of dis- 
cussion m the current round of post-mortems 
Behaviorism and the learmng theory tradition 
were descendants of associatiomsm, but this 
was only an incidental fact of the thrust 
which lay behind their development They 
were, or shoitly became, general conceptions 
of human nature, but they did so m the face 
of exactly the same arguments at the turn of 
the century as those laised at the middle of 
the century The ideological shortcomings of 
the learning theory tiadition have been con- 
stant, and constantly recognized, and the rise 
and fall of the tradition may have to do with 
other issues — programmatic issues There are 
two key questions that the learning theory 
tradition seems addressed to (1) Can psy- 
chology become a self-contained science? 
(Can one find a way to build a behavior the- 
oiy?) (2) Can psychology develop a cooper- 
ative and cumulative research tradition? In 
this view, the learmng theory tradition failed 
to catch hold because the behavior theories did 
not manage to become self-propagating and 
self-organizing The vast mass of learning liter- 
ature lies, impossible to read and remembei, 
beside the vast mass of other research findings 
which accumulates, largely unsynthesized, m 
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the back journals If this view is correct, the 
originating questions that motivated the learn- 
ing theory effort he once more on the table 

There is no great urge to take the issues up 
We have all become a little tired of method- 
ology, of scientific prospecti, of those seduc- 
tive analogies between psychology and 
physics-seen-at-a-distance To a greater extent 
than before, psychologists within and without 
the tradition are following their noses, less 
and less able or concerned to keep their ideo- 
logical lines clear The result is more scatter- 
shot and more interesting The syntheses 
appear, but they are less planned, less pre- 
dictable, more intuitive Perhaps, aided and 
abetted by the learning theories, we have 
reached a more adequate plane of scientific 
discourse which is not, as expected, a level 
of all-embracing empmcism Rather, that 
plane may be one where the intuition of the 
psychologist-at-large has been sophisticated, 
where method and modelling have their place, 
but where the interchange among diverse psy- 
chologists may take place usefully without a 
perfectly adequate mtersubjective language, 
uniform body of methods, or spelled out pro- 
gram One needs to take account of the psy- 
chology of science as well as the philosophy 
of science When scientists communicate, they 
are not always exchanging facts and they do 
not always need a purified thing-language 
They are often mtercalibrating schemata and 
they may need a discourse replete with analog- 
ies, metaphors, and models to bring this 
about 

The preceding quotation from Drever may 
be modified slightly There has always been 
a general theory opposed to Associatiomsm 
which has been waiting m the wings of Amer- 
ican psychology It has been peculiarly at 
home in American developmental psychology, 
we speak here of the genetic-rationahst tradi- 
tion outlined earlier It is, one suspects, the 
viable alternative to the associationist tradi- 
tion To work meaningfully withm the tra- 
dition, it has at least usually been the case 
that one must treat behavioral manifestations 
as an expression of sources not discernible 
within the observable realm, that one must 
move to a parsimony of comprehensive con- 
sistency rather than a parsimony of simplicity 
or seeableness One must relinquish reliance 
on the-single cause-single-effect conception of 
explanation In short, one must relinquish a 


great many of the guidelines to which Amer- 
ican research practices have traditionally 
hewed closely 

RUSSIAN REFLEXOLOGY AND 
CHILD PSYCHOLOGY 

The Russian treatment of stimulus-response 
psychology and the extension of that treat- 
ment to child psychology, offers a contrast to 
the Amencan development of the tradition 

Americans are inclined to feel an amused 
kind of skepticism about Russian claims to 
have invented things first, but in the case of 
behaviorism there is some evidence suggesting 
that the Russians did, indeed, see the pomt 
first The following quote is taken from I. M 
Sechenov’s Reflexes of the Brain, published m 
1863, and represents an unmistakable asser- 
tion of the behavioristic thesis 

All the endless diversity of the external 
manifestations of the activity of the brain can 
be finally regarded as one phenomenon, — that 
of muscular movement Be it a child laughing 
at the sight of toys, or Ganbaldi smiling when 
he is persecuted for his excessive love for his 
fatherland, a girl trembling at the first thought 
of love, or Newton enunciating universal laws 
and writing them on paper, — everywhere the 
final manifestation is muscular movement In 
order to help the reader to reconcile himself 
with this thought more readily, I will remind 
him of the frame-work created by the mind 
of humanity to include all manifestations of 
bram activity, this frame-work is “ word and 
deed ” Under deed, the popular mind con- 
ceives, without question, every external me- 
chanical activity of man based exclusively on 
the use of muscles And under word, as the 
educated reader will realize, is understood a 
certain combination of sounds produced m 
the larynx and the cavity of the mouth, again 
by means of muscular movements (Sechenov, 
1863, p 390) 

Sechenovs anticipation of the behavioristic 
thesis seems something more than the 
chancy anticipations of all psychological 
points which one repeatedly finds m the 
literature and philosophy of earlier times 
The thesis that one knows another man only 
by his behavior is, after all, not very far from 
common sense and it would be a distinct sur- 
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prise if it took mankind until the twentieth 
century to first see it and speak about it 
Behaviorism was a “discovery” for psychol- 
ogists only when and as it became a strong 
principle of organization of the inquiry pio- 
cess of the field, the point of the Sechenov 
“discovery” was that there seems every leason 
to believe that it was definitive and generative 
for the evolution of a line of Russian psychol- 
ogical endeavor Sechenov's scheme for brain 
and mind was not very influential upon Euro- 
pean psychological analysis — something very 
much like his scheme, promulgated by the 
British neuiologist Hughkngs Jackson did 
have influence — but his treatment was im- 
mensely popular in Russia, and it had direct 
and important influence on Ivan Pavlov (Bab- 
kin, 1949) 

The behavioristic point was only inciden- 
tal to Sechenov's psychophysiology, which 
sketched a grand design foi the understanding 
of the interplay between mind and body 
(Yaroshevski, 1968) Pavlov, after him, seems 
to have accepted the design and begun its 
substantiation, to have placed it on an ex- 
penmental foimat, and to have begun the 
process of woikmg out the system m detail 
The behavionstic thesis' was a pait of that 
design, and there is some evidence that it 
took Pavlov a little trouble to accept it, when 
he did, he did so vehemently (Pavlov, 1928) 
Pavlovs writings were the major point of con- 
tact between Amencan Soviet psychology for 
a good many years, and it is only recently 
that the two national groups have again begun 
comparing notes The evolution of condition- 
ing m the Soviet Union has been quite dif- 
ferent from its history here and consequently 
the impingement of the conditioning tradition 
upon child psychology has been quite differ- 
ent A number of cncumstances make this so 

Some recent surveys (Bauer, 1952, Mintz, 
1958, O'Connor, 1961) enable us to get a 
perspective on the Russian discipline of psy- 
chology as a whole These surveys, and the 
good numbei of direct translations of Russian 
work, give us some sense of a spectrum of 
psychological efforts organized quite differ- 
ently from our own One must envisage first 
a disciplmaiy line which comes between the 
conditioning tradition and psychology Con- 
ditioning work has been considered to be a 
part of physiology, and is typically published 
m a different journal (The Journal of Higher 


Nervous Activity) than work consideied psy- 
chological (Questions of Psychology) This is 
not to imply that conditioning, and Pavlov, 
are not important sources foi the Russian psy- 
chological woik They are not the only sources 
and, apparently, they have not been the cen- 
ters of so stiongly formed a programmatic 
movement as has developed m American 
psychology 

The status of psychology as a discipline has 
been politically touchy in the past decades 
Theie were no psychological journals from 
1935 to 1954 Sources disagree somewhat 
about just how contaminating political pres- 
sures have been upon Russian psychological 
effoits, but it seems that, at least superficially, 
Russian psychologists have had to be con- 
cerned about the compatibility of their work 
with dialectical matenalism and their writings 
have showed some care to be politically pro- 
gressive Intelligence testing was officially for- 
bidden by the Communist party m 1936 
Dialectical materialism has been seen as in- 
compatible with notions of the active uncon- 
scious, with materialism (the physicalistic 
positivism which has been influential in Amer- 
ican psychology) , and with extreme idealism, 
a pure phenomenology Not necessarily for 
political reasons, the spectrum of Russian psy- 
chology as a discipline has failed to include 
good-sized components of our own psycho- 
analysis, social psychology, and industrial 
psychology 

There aie thus differences m the political 
and professional matrix of forces in Soviet and 
American psychology and because of these 
differences comparisons need to be made with 
caution Nevertheless, it is at least interesting 
to tiy to imagine the Russian development of 
S-R psychology as a kind of control foi the 
American experience Pavlovian conditioning 
was enoimously influential upon Russian 
psychology, but it was never made the center- 
piece of an effort at scientific and methodol- 
ogical reform of the discipline There was no 
equivalent of the behavioristic revolution and 
consequently there seems now to be no equiv- 
alent of the cogmtivist counterrevolution 
Rather, elements of the prebehavioristic psy- 
chology have survived to the present day m 
Russia, coexisting with the development of 
conditioning methodology 

Textbooks of psychology typically define it 
as the science of mind or psyche The interests 
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of lesearchers aie directed towaid conscious- 
ness and the analysis of the reflective pro- 
cesses by which it foims a judgment of 
expenence and a guidance of voluntary be- 
havior Reseaich on conditioning is not seen 
as incompatible with this 

The stress on consciousness and cognitive 
factors m behavioi is not contradicted by the 
acceptance of the conditioned reflex as a basis 
of adaptive behavior The conditional reflex 
is apt to be viewed not as a blindly function- 
ing habit based on stimulus-iesponse connec- 
tions but as a flexible form of adjustment 
which enables the organism to respond to 
signals (Mmtz, 1958, p 497) 

The moie relaxed view of conditioning pro- 
vokes a quite diffeient treatment of it Wheie 
in American psychology the stimulus has been 
made an undefined term in a calculus of learn- 
ing and the S-R connection an undefined teim 
in a calculus of higher-oider behavior, the 
Russians have not logicized these teims The 
stimulus is seen as the outcome of a process 
that requires explaining through conjoint be- 
havioral and neuiopsychological analysis 

The understanding of sensory (especially 
auditory) processes underwent a radical 
change as a lesult of the introduction of Pav- 
lov's leflex theory of sensation and concept of 
analyzers sensation incorporates the pro- 
cess of analysis and synthesis of signals while 
they are still m the first stages of amval 
(Luna, 1966a, p 97) 

Because the tieatment of behavionsm and 
conditioning has not been seen as methodol- 
ogically preemptive, those working with con- 
ditioning phenomena can coexist with other 
veins of reseaich which are continuations of 
German introspectionism The work of the 
Georgian group, a major sector of Russian 
activity, seems to be essentially an elaboration 
of the analysis of sets first begun by the 
Wuitzbuig group (Uznadze, 1966, Natadze, 
1961) 

There are also, it might be said, some pro- 
cedural effects of the fact that the Russians 
did not develop a methodological revolution 
Russian papeis do not as sharply separate 
philosophical and psychological issues, and re- 
search reports are not so scrupulous m sep- 
arating findings from interpretation Proce- 


dures are not always so completely leported 
Statistics are not a sine qua non in research 
woik, and statistical regulanties are accepted 
only when then implications can be shown to 
have some satisfactory beaiing on an other- 
wise tenable line of explanation of the indi- 
vidual's behavior 

Given this kind of setting for the Russian 
treatment of the conditioning, the impinge- 
ment of stimulus-response analysis upon child 
psychology is of an entirely different character 
in Russian work It does not convey an insist- 
ence on parsimony or a lesistance to explana- 
tions which appeal to central factors or 
hypothetical constructs It is intrinsically moie 
speculative since it is not so associated with 
the canons of testability and rigorous and 
comprehensive experimental proof Carrying 
a much lightei methodological load, the analy- 
sis has traveled a useful distance into the 
issues which aie now so central to the Amer- 
ican behavioi theoiy group — attention and 
reasomng 

At several levels, the Russians have been 
concerned with the subject's work with the 
stimulus as a precursor to his formation of 
an adaptation to it At the level of condition- 
ing, the Russians have identified an orienting 
reflex, a set of postural and autonomic reac- 
tions most typically identified by vasomotor 
components in finger and forehead, which is 
an important precursor and participant to the 
establishment of classical conditioning The 
orienting leflex is presumed to be a formant 
of what one would usually call attention to 
the stimulus, and an elaborate experimental 
analysis of the reflex has led to the suggestion 
that it is reflective of the processes of neuronal 
modelling of the stimulus (Sokolov, 1963) 

At a more molar level, onentmg-mvestiga- 
toiy behavior of the child has been envisaged 
as sepai ate from and a precursor to the learn- 
ing of voluntary motor patterns 

One could assume that preliminary orienta- 
tion leads to formation of the habit itself and 
the formation of that system of connections 
which forms its basis. Our data, however, do 
not confiim this notion What occurs is that, 
following the preliminary orientation, the 
motor system m the process of development 
appears not to have been assimilated yet and 
a number of additional motor exercises is 
needed before the habit is finally established. 
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Although getting somewhat ahead, we 
could say that, in the process of orientation, 
not the system of the performed motor reac- 
tions is foimed but the image , under control 
of which the subsequent functioning of this 
system is made possible (Zaporozhets, 1965, 
p 436) 

A staged sequence of interaction between 
the orienting activity and the establishment 
of the motor pattern is found 

1 There is a “chaotic” orientation pattern, 
widely distributed, as the child establishes 
initial f amilianty with the task 

2 The orienting reactions begin to be 
channelled toward those aspects of the situa- 
tion which are relevant to the task, and there 
seem to be strategic connections or anticipa- 
tion involving one and another A system of 
orientation is formed 

3, With the establishment of the motor 
learning, the motor and external verbal re- 
actions associated with the orienting system 
dimmish, are inhibited, and they form an 
image which, m effect, exists as a schema of 
the voluntary behavior 

4 If, finally, the now correctly executed 
adaptive reaction is repeated again and again, 
it becomes stereotyped and automatized, and 
there is an extinction of most orienting reac- 
tions The extinction is not complete and, for 
example, agents offering reinforcement con- 
tinue to elicit onentmg (Zaporozhets, 1961, 
1965) 

At the level of the conditioned reflex, and 
at the level of voluntary behavior, an orient- 
ing process is seen as a precursor to adapta- 
tion and as an index to the formation of an 
adequate central representation of the rel- 
evant environment — m the case of voluntary 
behavior, part and parcel of the forming of 
the representation In addition, several inter- 
esting development trends have been ac- 
knowledged The habituation of initial orienta- 
tion is more rapid as children grow older and, 
m several ways, seems indicative of 'higher” 
or more intact functioning (Lynn, 1966) 
During the preschool era, the orientmg- 
mvestigatory activity of the child is seen to 
show a developmental move from motor- 
tactile to visual exploration (Zaporozhets, 
1961) 

A connected vein of Russian investigation 


has examined the directing or regulating 
functions which language exerts upon be- 
havior The relevant research by Luna (1961) 
and Vygotsky (1962) is the best-known Rus- 
sian work to American child psychologists 
Just as the hne of research previously 
discussed traces the internalization of move- 
ment and visualization patterns to become 
cognitive representations of the situation 
and directors of adaptive activity, so here 
the directive functions of language are 
traced ontogeneticaUy Luria traces the initial 
influence of language, m the younger years, 
first as an excitatory influence, later as both 
excitatory and inhibitory, finally as regulative 
and directive Vygotsky traces this regulatory 
language as it is used by the young child to 
explicitly direct himself and then, subse- 
quently, as it internalizes to become an organ 
of planning and reasoning 

All this has some similarity to the American 
conception of mediation as the basis for ab- 
stract thought processes Indeed, the Russian 
conception is a somewhat looser and broader 
version of the behavior theory conception of 
meditation They are different elaborations, 
perhaps, of Pavlov’s initial suggestion that 
human higher mental processes should be con- 
ceived of as a “second signal system ” 

On the whole, this parallelism between the 
Russian child psychology and the American 
learning theory tradition is misleading if it is 
taken as a sign that these two traditions differ 
m degree rather than m land The Russian 
tradition is quite willing to work with judi- 
cious mentahzmg and neurologizing — in fact, 
sees the ultimate understanding of psychol- 
ogical data to he in the understanding of 
consciousness through the synthesis of behav- 
ioral and neurological information There is 
not acceptance of the leammg theory point 
of view Nevertheless, the Russian work can 
be seen as supporting and extending the pres- 
ent cognitivist trends within the behavior the- 
ory group Their work has already been 
interjected m significant ways because of its 
considerable influence on Berlyne’s neobehav- 
lonstic formulations (Berlyne, 1960, 1965) It 
is exacdy with respect to the issues addressed 
m those volumes, attention and reasoning, 
that the Russians have established an experi- 
mental foothold while the grasp of behavior 
theory is still not secure 
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9. Piaget’s Theory 1 

JEAN PIAGET 2 


The following theory of development, 
which is particularly concerned with the 
development of cognitive functions, is im- 
possible to understand if one does not begin 
by analyzing m detail the biological presup- 
positions from which it stems and the epis- 
temological consequences m which it ends 
Indeed, the fundamental postulate that is the 
basis of the ideas summarized here is that 
the same problems and the same types of 
explanations can be found in the three fol- 
lowing processes 

a The adaptation of an organism to its 
environment during its growth, together with 
the interactions and autoregulations which 
characterize the development of the "epi- 
genetic system ” (Epigenesis m its embryo- 
logical sense is always determined both in- 
ternally and externally ) 

b The adaptation of intelligence m the 
course of the construction of its own struc- 

1 This chapter was written m French and trans- 
lated by Dr Guy Gellener of the University of 
Geneva and Professor Jonas Langer of the Uni- 
versity of California at Berkeley We are also 
grateful to Professors Barbel Inhelder and Her- 
mione Sinclair for their assistance m the transla- 
tion 

2 The present chapter is, m part, the expansion 
of an article on my conceptions of development 
published in Journal International de Psychologie , 
a summary of previous publications, but it also 
takes into account recent or still unpublished 
work by the author or his collaborators and col- 
leagues As a matter of fact, “Piaget's theory" is 
not completed at this date and the author of 
these pages has always considered himself one 
of the chief "revisionists of Piaget” (Author's 
note) 


tures, which depends as much on progressive 
internal coordinations as on information ac- 
quired through experience 

c The establishment of cognitive or, more 
generally, epistemological relations, which 
consist neither of a simple copy of external 
objects noi of a mere unfolding of structures 
preformed mside the subject, but rather in- 
volve a set of structures progressively con- 
structed by continuous interaction between 
the subject and the external world 

We begin with the last point, on which our 
theory is furthest removed both from the 
ideas of the majority of psychologists and 
from "common sense” 

I THE RELATION BETWEEN SUBJECT 
AND OBJECT 

1 In the common view, the external woild 
is entirely separate from the subject, although 
it encloses the subject's own body Any ob- 
jective knowledge, then, appears to be simply 
the result of a set of perceptive recordings, 
motor associations, verbal descriptions, and 
the like, which all participate m producing a 
sort of figuiative copy or "functional copy” 
(m Hull's terminology) of objects and the 
connections between them The only function 
of intelligence is systematically to file, correct, 
etc , these various sets of information, in this 
process, the more faithful the critical copies, 
the more consistent the final system will be 
In such an empiricist prospect, the content 
of intelligence comes from outside, and the 
coordinations that organize it are only the 
consequences of language and symbolic in- 
struments 
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But this passive interpretation of the act 
of knowledge is m fact conti adicted at ah 
levels of development and, paiticulaily, at 
the sensoiimotor and prehnguistic levels of 
cognitive adaptation and intelligence Actu- 
ally, m order to know objects, the subject 
must act upon them, and therefore transform 
them he must displace, connect, combine, 
take apart, and leassemble them 

From the most element ary sensorimotor 
actions (such as pushing and pulling) to the 
most sophisticated intellectual operations, 
which are intei lonzed actions, earned out 
mentally (eg, joining together, putting m 
order, putting into one-to-one correspond- 
ence), knowledge is constantly linked with 
actions or opeiations, that is, with transfor- 
mations 

Hence the limit between subject and ob- 
jects is m no way determined befoiehand, 
and, what is more important, it is not stable 
Indeed, m every action the subject and the 
objects are fused The subject needs objective 
information to become aware of his own ac- 
tions, of couise, but he also needs many 
subjective components Without long piactice 
or the construction of refined instruments of 
analysis and coordination, it will be impos- 
sible foi him to know what belongs to the 
object, what belongs to himself as an active 
subject, and what belongs to the action itself 
taken as the transformation of an initial state 
into a final one Knowledge, then, at its ori- 
gin, neither anses from objects nor from the 
subject, but from intei actions — at fiist inex- 
tricable — between the subject and those ob- 
jects 

Even these pnmitive intei actions are so 
close-knit and inextricable that, as J M 
Baldwin noted, the mental attitudes of the 
infant are probably “adualistical ” This means 
they lack any diffeientiation between an ex- 
ternal world, which would be composed of 
objects independent of the subject, and an 
internal or subjective world 

Therefoie the problem of knowledge, the 
so-called epistemological problem, cannot be 
considered sepaiately from the problem of 
the development of intelligence It 1 educes 
to analyzing how the subject becomes prog- 
ressively able to know objects adequately, 
that is, how he becomes capable of objectiv- 
ity Indeed, objectivity is m no way an initial 
property, as the empiricists would have it, 


and its conquest involves a series of succes- 
sive constructs which approximates it more 
and more closely 

2 This leads us to a second idea central 
to the theory, that of construction , which is 
the natural consequence of the interactions 
we have just mentioned Since objective 
knowledge is not acquired by a mere record- 
ing of external mfoimation but has its origin 
m mteractions between the subject and ob- 
jects, it necessarily implies two types of activ- 
ity — on the one hand, the coordination of 
actions themselves, and on the other, the 
introduction of interrelations between the 
objects These two activities aie interdepend- 
ent because it is only through action that 
these relations originate It follows that ob- 
jective knowledge is always subordinate to 
certain stiuctures of action But those struc- 
tures aie the result of a construction and are 
not given m the objects, since they are de- 
pendent on action, nor m the subject, since 
the subject must learn how to cooidmate his 
actions (which are not generally hereditarily 
programmed except in the case of leflexes or 
instincts) 

An early example of these constructions 
(which begin as early as the first year) is 
the one that enables the 9- to 12-month-old 
child to discover the permanence of objects, 
initially relying on their position in his pei- 
ceptual field, and later independent of any 
actual peiception During the fiist months of 
existence, theie are no permanent objects, 
but only percepual pictures which appear, 
dissolve, and sometimes reappear The “per- 
manence” of an object begins with the action 
of looking for it when it has disappeared at 
a certain point A of the visual field (for in- 
stance, if a part of the object remains visible, 
or if it makes a bump under a cloth) But, 
when the object later disappears at B, it often 
happens that the child will look for it again 
at A This very instructive behavioi supplies 
evidence for the existence of the pnmitive 
interactions between the subject and the ob- 
ject which we mentioned (11) At this stage, 
the child still believes that objects depend 
on this action and that, where an action has 
succeeded a first time, it must succeed again 
One real example is an 11-month-old child 
who was playing with a ball He had previ- 
ously retreived it from under an armchair 
when it had i oiled there before A moment 
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later, the ball went under a low sofa He 
could not find it under this sofa, so he came 
back to the other part of the 100 m and 
looked for it under the armchair, where this 
course of action had already been successful 

Foi the scheme 8 of a permanent object 
that does not depend on the subject’s own 
actions to become established, a new struc- 
ture has to be constructed This is the 
structure of the “gioup of translations” in the 
geometiical sense (a) the translation AB + 
BC = AC, ( b ) the translations AJ5 + BA 
= O, (c) AB + O = AB, ( d ) AC + CD 
= AB + BD The psychological equivalent 
of this group is the possibility of behaviors 
that involve leturnmg to an initial position, 
or detouiing aiound an obstacle ( a and d) 
As soon as this oiganization is achieved — and 
it is not at all given at the beginning of de- 
velopment, but must be constructed by a 
succession of new coordinations — an objective 
stractuiation of the movements of the object 
and of those of the subject’s own body be- 
comes possible The object becomes an in- 
dependent entity, whose position can be 
traced as a function of its translations and 
successive positions At this juncture the sub- 
ject’s body, instead of being consideied the 
center of the world, becomes an object like 
any other, the translations and positions of 
which are correlative to those of the objects 
themselves 

The gioup of translations is an instance 
of the constiuction of a structuie, attributable 
simultaneouslv to progiessive coordination of 
the subject’s actions and to information pro- 
vided by physical experience, which finally 
constitutes a fundamental instrument for the 
organization of the external world It is also 
a cognitive mstiument so important that it 

3 Throughout this paper the term scheme ( plural, 
schemes) is used to lefei to operational activities, 
whereas schema (plural, schemata) refers to the 
figurative aspects of thought — attempts to repre- 
sent reality without attempting to transform it 
(imagery, perception and memory) Later in 
this paper the author says, “ images 
however schematic, are not schemes We shall 
therefore use the term schemata to designate 
them A schema is a simplified image (eg, the 
map of a town), whereas a scheme represents 
what can be repeated and generalized m an 
action (for example the scheme is what is com- 
mon m the actions of pushing’ an object with a 
stick or any other instrument) ” 


contributes to the veritable “Coper me an revo- 
lution” babies accomplish in 12 to 18 months 
Whereas before he had evolved this new 
structure the child would consider himself 
(unconsciously) the motionless center of the 
umveise, he becomes, because of this organi- 
zation of permanent objects and space 
(which entails moreovei a parallel organiza- 
tion of temporal sequences and causality), 
only one particulai member of the set of the 
othei mobile objects which compose his uni- 
veise 

3 We can now see that even in the study 
of the infant at sensonmotor levels it is not 
possible to follow a psychogenetic line of le- 
search without evolving an implicit epistem- 
ology, which is also genetic, but which raises 
all the main issues in the theory of knowl- 
edge Thus the constiuction of the group of 
translations obviously involves physical ex- 
perience and empirical information But it 
also involves more, since it also depends on 
the coordinations of the subject’s action 
These coordinations aie not a product of ex- 
pel lence only, but aie also controlled by 
factors such as maturation and voluntary 
exercise, and, what is more important, bv 
continuous and active autoregulation The 
mam point m a theory of development is 
not to neglect the activities of the subject, m 
the epistemological sense of the term This 
is even more essential m this lattei sense 
because the epistemological sense has a deep 
biological significance The living organism 
itself is not a mere mnroi image of the piop- 
erties of its envnonment It evolves a struc- 
ture which is constructed step by step m the 
course of epigenesis, and which is not entirelv 
preformed 

What is already true foi the sensorimotoi 
stage appears again m all stages of develop- 
ment and in scientific thought itself but at 
levels in which the pnmitive actions have 
been transformed into operations These 
operations are mtenonzed actions (eg, ad- 
dition, which can be performed either physi- 
cally oi mental] v) that aie reversible (addi- 
tion acquires an inverse m subti action) and 
constitute set-theoretical structures (such as 
the logical additive “gioupmg” or algebraic 
gioups) 

A striking instance of these opeiational 
structurations dependent on the subject’s ac- 
tivity, which often occurs even before an 
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experimental method has been evolved, is 
atomism, invented by the Greeks long before 
it could be justified experimentally The same 
process can be observed m the child between 
4 to 5 and 11 to 12 years of age m a situation 
where it is obvious that experience is not 
sufficient to explain the emeigence of the 
structure and that its construction implies an 
additive composition dependent on the activi- 
ties of the subject The experiment involves 
the dissolution of lumps of sugar in a glass 
of water The child can be questioned about 
the conservation of the matter dissolved and 
about the conservation of its weight and vol- 
ume Befoie age 7 to 8 the dissolved sugar 
is presumed destroyed and its taste vanished 
Aiound this age sugar is considered as pre- 
serving its substance m the form of very 
small and invisible grains, but it has neither 
weight nor volume At age 9 to 10 each grain 
keeps its weight and the sum of all these 
elementary weights is equivalent to the 
weight of the sugar itself before dissolution 
At age 11 to 12 this applies to volume (the 
child predicts that after the sugar has melted, 
the level of the water m the contamei will 
remain at its same initial height) 

We can now see that this spontaneous 
atomism, although it is suggested by the 
visible grains becoming giadually smaller 
dining their dissolution, goes far beyond what 
can be seen by the subject and involves a 
step-by-step construction correlative to that 
of additive operations We thus have a new 
instance of the origin of knowledge lying 
neither in the object alone nor in the subject, 
but rather in an inextricable interaction be- 
tween both of them, such that what is given 
physically is integrated m a logicomathemati- 
cal structure involving the coordination of the 
subject’s actions The decomposition of a 
whole into its parts (invisible heie) and the 
recomposition of these paits into a whole are 
m fact the lesult of logical or logicomathe- 
matical constructions and not only of physical 
experiments The whole considered heie is 
not a perceptual "Gestalt” (whose chaiacter 
is precisely that of nonadditive composition, 
as Kohlei nghtly insisted) but a sum (addi- 
tive), and as such it is produced by opera- 
tions and not by observations 

4 There can be no theoretical discontinu- 
ity between thought as it appeals in children 
and adult scientific thinking, this is the reason 


for our extension of developmental psychol- 
ogy to genetic epistemology This is particul- 
arly clear m the field of logicomathematical 
structures consideied in themselves and not 
(as mf 2 and 13) as instruments for the 
structuration of physical data These struc- 
tures essentially involve relations of inclusion, 
order, and correspondence Such relations are 
certainly of biological origin, for they already 
exist in the genetic (DNA) programming of 
embryological development as well as m the 
physiological organization of the matuie or- 
ganism before they appeal and are recon- 
structed at the diffeient levels of behavior 
itself They then become fundamental struc- 
tuies of behavior and of intelligence m its 
very early development before they appear m 
the field of spontaneous thought and later of 
reflection They provide the foundations of 
these progressively moie abstiact axiomatiza- 
tions we call logic and mathematics Indeed, 
if logic and mathematics are so-called ‘ab- 
stract” sciences, the psychologist must ask 
Abstracted fiom what? We have seen their 
origin is not m objects alone It lies, m small 
part only, m language, but language itself is 
a construct of intelligence Chomsky even as- 
cribes it to innate intellectual structuies 
Therefore the origin of these logicomathe- 
matical structures should be sought m the 
activities of the subject, that is, m the most 
general forms of coordinations of his actions, 
and, finally, m his organic stiuctuies them- 
selves This is the reason why there are 
fundamental relations among the biological 
theory of adaptation by self-iegulation, devel- 
opmental psychology, and genetic epistemol- 
ogy This relation is so fundamental that if 
it is ovei looked, no geneial theory of the de- 
velopment of intelligence can be established 

II ASSIMILATION AND 
ACCOMMODATION 

5 The psychological meaning of our pre- 
vious points (| 1 to 4) is that the funda- 
mental psychogenetic connections generated 
in the couise of development cannot be con- 
sidered as zeducible to empmcal "associa- 
tions”, lather, they consist of assimilations , 
both m the biological and intellectual sense 

From a biological point of view, assimila- 
tion is the integration of external elements 
into evolving oi completed structuies of an 
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organism In its usual connotation, the as- 
similation of food consists of a chemical 
transformation that incorporates it into the 
substance of the organism Chlorophyllian 
assimilation consists of the integration of 
radiation energy m the metabolic cycle of a 
plant Waddmgton’s “genetic assimilation” 
consists of a hereditary fixation by selection 
on phenotypes (phenotypic variations being 
regarded, in this case, as the genetic system's 
“answer” to stresses produced by the environ- 
ment) Thus all the organism's reactions in- 
volve an assimilation process which can be 
represented m symbolic form as follows 

(T + I)~> AT + E (1) 

wheie T is a structure, I the integrated sub- 
stances or eneigies, E the eliminated sub- 
stances or energies, and A a coefficient > 1 
expressing the strengthening of this structure 
m the form of an increase of material or of 
efficiency m operation 4 Put m this form it 
becomes obvious that the general concept 
of assimilation also applies to behavior and 
not only to organic life Indeed, no behavior, 
even if it is new to the individual, constitutes 
an absolute beginning It is always grafted 
onto previous schemes and therefore amounts 
to assimilating new elements to already con- 
structed structures (innate, as reflexes are, or 
previously acquired) Even Harlow’s “stimu- 
lus hunger” cannot be reduced simply to 
subordination to the environment but must 
rather be interpreted as a search for “func- 
tional input” (“elements fonctionnels”) that 
can be assimilated to the schemes or struc- 
tures actually providing the responses 
At this point it is appropriate to note how 

4 For example, take T to be an already estab- 
lished classification on a set of objects, O , which 
divides it into two distinct subclasses I is a set 
of new objects that are added to the original 
ones and to which the classification T must be 
extended When this is done (I has been assimi- 
lated to T), it turns out that there are say two 
new subclasses (the whole structure is now AT) 
and some properties of the new objects I (eg, 
the number of elements m J, or their shape, size 
or color) have been neglected m the process We 
now have T + I AT + E s where T = the two 
original subclasses, I = the new elements, AT = 
the four subclasses, and E = the irrelevant prop- 
erties of the new elements, that is, the properties 
which are not used as criteria for classifying in 
this specific instance 


inadequate the well known “stimulus-re- 
sponse” theory appears m this context, as a 
general formulation of behavior It is obvious 
that a stimulus can elicit a response only if 
the organism is fiist sensitized to this stimulus 
(or possesses the necessary reactive “com- 
petence” as Waddmgton characterizes gen- 
etic sensitization to specific inducers) 

When we say an organism oi a subject is 
sensitized to a stimulus and able to make a 
response to it, we imply it already possesses 
a scheme or a structure to which this stimulus 
is assimiliated (in the sense of incorporated 
or integrated, as defined previously) This 
scheme consists piecisely of a capacity to 
respond Hence the original stimulus-response 
scheme should not have been written m the 
unilateral S -> R form, but m the form 

S2R or S (AT) -» R (2) 

where AT is the assimilation of the stimulus 
S to the structure T 

We thus return to the equation T 4* 1 
AT + E where, m this case, T is the struc- 
ture, I the stimulus, AT the result of the 
assimilation of I to T, that is the response to 
the stimulus, and E is whatever in the stimu- 
lus situation is excluded in the structure 

6 If assimilation alone were mvolved m 
development, there would be no variations 
in the child’s structures Therefore he would 
not acquire new content and would not de- 
velop further Assimilation is necessary m 
that it assures the continuity of structures 
and the mtegiation of new elements to these 
structures Without it an organism would be 
in a similar situation to that of chemical 
compounds, A, B, which, an interaction, give 
rise to new compounds C and D (The equa- 
tion would then be A + B C + D and not 
T~> AT) 

Biological assimilation itself, however, is 
never present without its counterpart, accom- 
modation During its embiyological develop- 
ment, for instance, a phenotype assimilates 
the substances necessary to the conservation 
of its structuies as specified by its genotype 
But, depending on whether these substances 
aie plentiful or raie or whether the usual 
substances are replaced by othei slightly dif- 
ferent ones, nonhereditary variations (often 
called “accommodates”) such as changes in 
shape or height may occur, These variations 
are specific to some external conditions Simi- 
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larly, m the field of behavior we shall call 
accommodation any modification of an as- 
similatory scheme 01 structuie by the ele- 
ments it assimilates For example, the infant 
who assimilates his thumb to the sucking 
schema will, when sucking his thumb make 
diffeient movements from those he uses m 
suckling his mothers breast Similaily, an 
8-year-old who is assimilating the dissolution 
of sugar m watei to the notion that substance 
is conserved must make accommodations to 
invisible pai tides different fiom those he 
would make if they weie still visible 

Hence cognitive adaptation, like its bio- 
logical counterpait, consists of an equilibrium 
between assimilation and accommodation As 
has just been shown, theie is no assimilation 
without accommodation But we must 
stiongly emphasize the fact that accommoda- 
tion does not exist without simultaneous as- 
similation either Fiom a biological point of 
view, this fact is verified by the existence of 
what modem geneticists call “leaction norms” 
— a genotype may offer a moie 01 less bioad 
lange of possible accommodations, but all of 
them are within a ceitam statistically defined 
“norm ” In the same way, cognitively speak- 
ing, the subject is capable of various accom- 
modations, but only within ceitain limits im- 
posed by the necessity of pieseivmg the 
corresponding assimilatory structure In Eq 
1 the term A m AT specifies piecisely this 
limitation on accommodations 

The concept of “association,” which the 
various forms of associatiomsm from Hume 
to Pavlov and Hull have used and abused, 
has thus only been obtained by artificially 
isolating one part of the geneial process 
defined by the equilibrium between assimila- 
tion and accommodation Pavlov’s dog is said 
to associate a sound to food, which elicits its 
salivation reflex If, however, the sound is 
never again followed by food, the conditioned 
lesponse, or temporarv link, will disappear, 
it has no mtimsic stability The conditioning 
persists as a function of the need for food, 
that is, it persists only if it is pait of an 
assimilatory scheme and its satisfaction, hence 
of a ceitam accommodation to the situation 
In fact, an “association” is always accom- 
panied by an assimilation to previous struc- 
tures, and this is a fiist factm that must not 
be oveilooked, On the other hand, insofar as 
the “association” mcoiporates some new in- 


formation, this represents an active accom- 
modation and not a meie passive recording 
This accommodatoiy activity, which is de- 
pendent on the assimilation scheme is a 
second necessary factor that must not be 
neglected 

7 If accommodation and assimilation are 
present m all activity, their ratio may vary, 
and only the moie or less stable equilibrium 
which may exist between them (though it is 
always mobile) chaiactenzes a complete act 
of intelligence 

When assimilation outweighs accommoda- 
tion (1 e , when the chaiactenstics of the 
object aie not taken into account except in- 
sofar as they aie consistent with the subject’s 
momentaiy mtei ests) thought evolves m an 
egocentiic 01 even autistic dnection The 
most common form of this situation m the 
play of the child is the “symbolic games” or 
fiction games, m which objects at his com- 
mand aie used only to represent what is 
imagined 6 This foim of game which is most 

6 The categories of play defined by Piaget (id 
Play , Dreams and Imitation , 1951, for example) 
are the following 

a Exercise Games These consist of any be- 
havior without new structuration but with a new 
functional finality For example, the repetition of 
an action such as swinging an object, if its aim is 
to understand or to practice the movement, is not 
a game But the same behavior, if its aim is func- 
tional pleasure, pleasure in the activity m itself, 
or the pleasure of “causing” some phenomenon, 
becomes a game Examples of this are the vocal- 
izations of infants and the games of adults with a 
new car, radio, etc 

h Symbolic games These consist of behaviors 
with a new structuration, that of representing 
realities that are out of the present perceptual 
field Examples are the fiction games where the 
child enacts a meal with pebbles standing for 
bread, grass for vegetables, etc The symbols used 
here are individual and specific to each child 

c Rule Games These are behaviors with a 
new structuration involving the intervention of 
more than one person The rules of this new 
structure are defined by social interaction This 
type of game ranges over the whole scale of ac- 
tivities, starting with simple sensorimotor games 
with set rules ( the many varieties of marble games, 
for instance) and ending with abstract games like 
chess The symbols here are stabilized by conven- 
tion and can become purely arbitrary m the more 
abstract games That is, they bear no more rela- 
tion (analogy) with what they represent (Trans- 
lator’s note) 
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frequent at the beginning of lepiesentation 
(between 1J4 and 3 yeais of age), then 
evolves towaid constructive games m which 
accommodation to objects becomes more and 
more precise until there is no longer any dif- 
ference between play and spontaneous cogni- 
tive or mstrumental activities 

Conversely, when accommodation prevails 
over assimilation to the point where it faith- 
fully reproduces the foims and movements 
of the objects or persons which are its models 
at that time, representation (and the sensori- 
motor behaviors which are its precursors and 
which also give rise to exercise games that 
develop much earlier than symbolic games) 
evolves m the direction of imitation Imita- 
tion thiough action, an accommodation to 
models that aie present, giadually extends to 
deferred imitation and finally to mteriorized 
imitation In this last form it constitutes the 
origin of mental lmageiy and of the figuia- 
tive as opposed to the opeiative aspects of 
thought 

But as long as assimilation and accommo- 
dation are m equilibnum (le, insofar as 
assimilation is still subordinate to the prop- 
erties of the objects, or, m other words, 
subordinate to the situation with the accom- 
modations it entails, and accommodation 
itself is suboidmate to the already existing 
structures to which the situation must be 
assimilated) we can speak of cognitive be- 
havior as opposed to play, imitation, or men- 
tal imagery, and we are back in the piopei 
domain of intelligence But this fundamental 
equilibrium between assimilation and accom- 
modation is more or less difficult to attain 
and to maintain depending on the level of 
intellectual development and the new prob- 
lems encountered Howevei, such an equi- 
librium exists at all levels, m the early devel- 
opment of intelligence m the child as well 
as m scientific thought 
It is obvious that any physical or biological 
theory assimilates objective phenomena to a 
restricted number of models which aie not 
drawn exclusively from these phenomena 
These models involve m addition a ceitam 
number of logicomathematical coordinations 
that are the operational activities of the sub- 
ject himself It would be very superficial to 
reduce these coordinations to a mere 'lan- 
guage” (though this is the position of logical 
positivism) because, properly speaking, they 


aie an instrument for structui ation For ex- 
ample, Poincare narrowly missed discovering 
relativity because he thought there was no 
difference between expiessing (or tianslat- 
mg) phenomena m the ‘language” of Euclid- 
ian or of Riemanian geometry Einstein was 
able to construct his theory by using Rieman- 
ian space as an instrument of structuration , 
to “undei stand” the lelations between space, 
speed, and time If physics pioceeds by as- 
similating leality to logicomathematical mod- 
els, then it must unceasingly accommodate 
them to new expenmental results It cannot 
dispense with accommodation because its 
models would then remain subjective and 
arbitrary However, every new accommoda- 
tion is conditioned by existing assimilations 
The significance of an experiment does not 
derive from a mere perceptive recoiding (the 
“ Protokollsatze ” of the first “logical empiri- 
cists”), it cannot be dissociated fiom an 
interpretation 

8 In the development of intelligence in 
the child, there are many types of equilibnum 
between assimilation and accommodation 
that vary with the levels of development and 
the problems to be solved At sensorimotor 
levels (before V/t. to 2 yeais of age) these 
aie only piactical pioblems involving im- 
mediate space, and as eaily as the second 
yeai, sensorimotor intelligence leaches a 
lemaikable state of equilibnum (eg, instru- 
mental behaviois, group of displacements, see 
1 2 ) But this equilibnum is difficult to attain, 
because dui mg the first months, the infant’s 
umveise is centered on his own body and 
actions, and because of distoitions due to 
assimilation not yet balanced by adequate 
accommodations 

The beginning of thought creates multiple 
pioblems of lepiesentation (which must ex- 
tend to distant space and can no longer be 
lestneted to neai space) as well as the prob- 
lem of adaptation no longei measured by 
piactical success alone, thus intelligence goes 
thiough a new phase of assimilatory distor- 
tion This is because objects and events aie 
assimilated to the subject’s own action and 
viewpoint and possible accommodations still 
consist only of fixations on figural aspects of 
reality (hence on states as opposed to trans- 
formations) Foi these two leasons — egocen- 
tric assimilation and incomplete accommoda- 
tion — equilibrium is not reached. On the 
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other hand, from the age of 7 to 8 the emer- 
gence of leversible operations ensures a 
stable harmony between assimilation and 
accommodation since both can now act on 
transformations as well as on states 

Generally speaking, this progressive equili- 
brium between assimilation and accommoda- 
tion is an instance of a fundamental process 
m cognitive development which can be ex- 
pressed m terms of centration and decentra- 
tion The systematically distorting assimila- 
tions of sensorimotor or initial representative 
stages, which distort because they are not ac- 
companied by adequate accommodations, 
mean that the subject remains centered on 
his own actions and his own viewpomt On 
the othei hand, the gradually emeigmg 
equilibnum between assimilation and accom- 
modation is the result of successive decentra- 
tions, which make it possible for the subject 
to take the points of view of other subjects 
or objects themselves We formerly described 
this process merely m terms of egocentrism 
and socialization But it is far more general 
and more fundamental to knowledge in all 
its forms For cognitive progress is not only 
assimilation of information, it entails a sys- 
tematic decentration process which is a neces- 
sary condition of objectivity itself 

III THE THEORY OF STAGES 

9 We have seen that there exist structures 
which belong only to the subject (If 1), that 
they are built (If 2), and that this is a step- 
by-step process (If 7) We must therefoie 
conclude there exist stages of development 
Even authors who agree with this idea may 
use different criteria and interpretations of 
stage development It therefore becomes a 
problem that requires discussion m its own 
right The Freudian stages, for instance, are 
only distinct from each other m that they 
differ m one dominant character (oral, anal, 
etc ) but this character is also present in 
the previous — or following — stages, so that 
its “dominance” may well remain arbitrary 
Geselfs stages are based on the hypothesis 
of the quasi-exclusive role of maturation, so 
that they guarantee a constant order of suc- 
cession but may neglect the factoi of progres- 
sive construction To characterize the stages 
of cognitive development we therefore need 
to integrate two necessary conditions without 


introducing any contradictions These con- 
ditions for stages are (a) that they must be 
defined to guarantee a constant order of 
succession, and (b) that the definition allow 
for progiessive construction without entail- 
ing total preformation These two conditions 
are necessaiy because knowledge obviously 
mvolves learning by expenence, which means 
an external contribution m addition to that 
involving internal structures, and the struc- 
tures seem to evolve m a way that is not en- 
tirely predetermined 

The problem of stages m developmental 
psychology is analogous to that of stages m 
embryogenesis The question that arises in 
this field is also that of making allowance 
for both genetic preformation and an even- 
tual "epigenesis” m the sense of construction 
by interactions between the genome and the 
environment It is for this reason that Wad- 
dington introduces the concept of ‘epigenetic 
system” and also a distinction between the 
genotype and the “ epigenotype ” The mam 
characteristics of such an epigenetic develop- 
ment are not only the well-known and obvious 
ones of succession m sequential order and of 
progressive integration (segmentation fol- 
lowed by determination controlled by spe- 
cific "competence” and finally “reintegra- 
tion”) but also some less obvious ones pointed 
out by Waddmgton These are the existence 
of "cieodes,” or necessary developmental se- 
quences, each with its own "time tally,” or 
schedule, and the intervention of a sort of 
evolutionary regulation, or "homeorhesis ” 
Homeorhesis acts m such a way that if an 
external influence causes the developing or- 
ganism to deviate from one of its creodes, 
there ensues a homeorhetical reaction, which 
tends to channel it back to the normal se- 
quence or, if this fails, switches it to a new 
creode as similar as possible to the original 
one 

Each of the preceding charactenstics can 
be observed m cognitive development if we 
carefully differentiate the construction of the 
structures themselves and the acquisition of 
specific piocedures through learning (eg, 
learning to read at one age rather than an- 
other ) The question will naturally be 
whether development can be reduced to an 
addition of procedures learned one by one 
or whether learning itself depends on de- 
velopmental laws which are autonomous, 
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This question can only be answered expen- 
mentally, but we shall discuss it further m 
Section IV Whatevei the answer is, it re- 
mains possible to distinguish between major 
structures, such as the operational “grouping,” 
and particular acquisitions It then becomes 
proper to mquiie whether the construction 
of these majoi stiuctures can be defined m 
terms of stages If this were so, it would then 
become possible to determine their relations 
to developmental laws of learning 

10 If we restrict ourselves to major struc- 
tures, it is strikingly obvious that cognitive 
stages have a sequential property, that is, 
they appeal m a fixed order of succession 
because each one of them is necessary for 
the formation of the following one 

If we now considei only the principal pe- 
riods of development, one can enumerate 
three of them 

a A sensorimotor period lasts until ap- 
proximately lyi years of age with a first sub- 
penod of centration on the subject’s own 
body (lasting about 7 to 9 months) followed 
by a second one of objectivization and spatial- 
lzation of the schemes of practical intelli- 
gence 

b A period of representative intelligence 
leads to concrete operations (classes, rela- 
tions, and numbers bound to objects) with a 
first pieoperational subperiod (there is no 
reversibility or conservation, but the begin- 
nings of diiectional functions and qualitative 
identities), which begins around V/t. to 2 
vears of age with the formation of semiotic 
processes such as language and mental im- 
agery This is followed by a second subperiod 
(at about 7 to 8 years) characterized by 
the beginnings of operational groupings m 
their vanous concrete forms and with their 
various types of conservation 

c Finally, there is the period of proposi- 
tional or formal operations This also begins 
with a subperiod of organization (11 to 13 
vears old) and is followed by a subpenod of 
achievement of the general combinatory and 
the group INRC of the two kinds of reversi- 
bilities (See V 28 and fn 9 ) 

If we now considei the preceding sequence, 
it is easy to observe that each one of these 
periods oi subperiods is necessary to the con- 
stitution of its successor As a first example, 
why do language and the semiotic function 


emerge only at the end of a long sensori- 
motor period where the only significates are 
indexes and signals, and where there are no 
symbols or signs? (If the acquisition of lan- 
guage were only dependent on an accumula- 
tion of associations, as is sometimes claimed, 
then it could occur much earlier 6 ) It has 
been shown that the acquisition of language 
requires that at least two conditions be satis- 
fied First, there must exist a general context 
of mutation allowing for interpersonal ex- 
change, and second, the diverse structural 
characteis which constitute the one basic unit 
of Chomsky’s (1957) transformational gram- 
mars must be present For the first of these 
conditions to be met means that m addition 
to the motor techniques of imitation (and 
this is by no means an easy task) the object, 
spatiotemporal, and causal decentrations of 
the second sensorimotor subperiod must have 
been mastered For the second requirement, 
our collaborator H Sinclair, who specializes 
m psycholinguistics, has shown (m her re- 
cent work which will shortly be published) 
that Chomsky’s transformational structures 
are facilitated by the previous operation of 
the sensorimotor schemes, and thus that their 
origin is neither in an innate neurophysiologi- 
cal program (as Chomsky himself would 
have it) nor in an operant or other condi- 
tioning 'learning” process [as Chomsky 
(1959) has shown conclusively] 

A second example of the sequential charac- 
ter of our periods and subperiods is the sub- 
penod of ages 2 to 7, which itself results 
from the sensonmotor schemes elaborated m 

6 The contention is that there already exists 
symbol manipulation, that is, storage and compu- 
tation, on indexes and signals during the senson- 
motor stage Therefore the absence of language 
cannot be attributed to the lack of such functions, 
and conditioning ( classical or operant ) should be 
possible at least on the input side At this stage 
the child can discriminate between sounds and 
he should be able to respond selectively, verbally 
or otherwise, to phonetic inputs on a purely as- 
sociative basis It is claimed that this is impos- 
sible for more than a finite (and very limited) 
set of inputs because of the absence of the most 
essential linguistic structure (monoid) which 
would permit the generation and storage of rules 
allowing for the analysis and recognition of an 
unlimited set of organized sequences of sounds 
(Translator’s note) 
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the ninth and tenth months and which pre- 
paies the concrete opeiations of ages 7 to 
10 This subpenod is characterized by some 
negative aspects (lack of reversibility and 
absence of the concept of conservation), but 
it also evolves some positive achievements 
such as the directional functions [ fonctions 
onentees — mappings where y = f(x) with 
unity of the value f(x) for any ( x ) and the 
qualitative identity a = a] In fact, these 
functions already play an extensive lole in 
preoperational thought Then one-way orien- 
tation explains the general primacy of the 
concept of order at this level, with its ade- 
quate aspects, but this also is the source of 
systematic distortions (eg, “longei” undei- 
stood as “going farthei”, estimation of a 
quantity of water by taking only its level 
into account) The elementary functions are 
nothing other than the connections mheient 
m the schemes of action (which, befoie thev 
become operational, are always oriented to- 
ward a goal) and therefore originate m the 
sensonmotoi schemes themselves Qualitative 
identity (the type of identity expressed by 
the child when he says “It is the same 
water,” even if the quantity of water 
changes) has its origin m the concept of 
permanent object, and m the notion that the 
subject’s own body (as well as those of other 
subjects) maintains its identity both m fame 
and m space, and these aie three achieve- 
ments of the sensonmotor stage On the othei 
hand, the one-way, dnectional functions and 
the identities they involve constitute the 
necessaiy condition foi future operations 
Thus we can see that the stages between 2 
and 7 years are simultaneously an extension 
of the sensonmotor stages and the basis of 
the futuie conciete operations 

The propositional opeiations that appear 
between ages 11 and 15 with the INRC 
group and general combinatorial structuies, 
all consist of applying operations to opera- 
tions and tiansformations to tiansformations 
It is therefore obvious that the existence of 
this last stage necessarily involves the ac- 
quisitions of the previous one (conciete op- 
erations, oi operations to the fust power) 
11 Thus defined, the stages always ap- 
pear m the same older of succession This 
might lead us to assume that some biological 
factor such as maturation is at work* But it 
is certainly not comparable to the hereditary 


neurophysiological programming of mstincts 
Biological maturation does nothing more than 
open the way to possible constructions (or 
explain transient impossibilities) It lemams 
foi the subject to actualize them This actual- 
ization, when it is regular, obeys the law of 
creodes, that is, of constant and necessary 
progress such that the endogenous reactions 
find suppoit m the environment and in ex- 
perience It would therefore be a mistake to 
consider the succession of these stages as the 
lesult of an innate predetermination, because 
theie is a continual construction of novelty 
during the whole sequence 

The two best proofs of this last point are 
the possibilities of deviations fiom the noim 
(with regulation by homeorhesis) and of 
variations m the time tally with the possibil- 
ity of accelei ations or delays Deviations may 
be bi ought about by unfoieseen expenences 
encounteied by the activity of the child him- 
self as well as by adult pedagogical inter- 
ventions Some pedagogical interventions can, 
of couise, accelerate and complete spontane- 
ous development, but they cannot change the 
ordei of the constructions For example, edu- 
cational progiams rightly mtioduce the con- 
cept of metnc propoitions a long time aftei 
the elemental y arithmetncal opeiations, al- 
though a proportion seems to consist only of 
an equivalence between two divisions, as 
m 4 2 = 6 3 But there also exist untimely 
pedagogical interventions, such as those of 
parents who teach their childien to count 
up to 20 or 50 before they can have any 
concept of numbei In many cases, such pie- 
mature acquisitions m no way affect the 
creode specific to the construction of mtegeis 
For instance, when two lines of m and n ele- 
ments (m=n), respectively, are first put 
into visual one-to-one correspondence and 
then lengths changed by changing the spac- 
ing of the elements, the fact that the child 
of a certain age can count will not prevent 
him from saying that the longer line has more 
elements On the other hand, when a peda- 
gogical intervention has been successful or 
when the child obtains by himself a partial 
conquest m a specific opeiatory domain, the 
problem of the interactions between the vari- 
ous creodes remains still unsolved In the case 
of classes or relations, for example, are the 
additive and multiplicative operations always 
synchronic — as they often seem to be — or can 
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one follow the other, and m that event does 
the final synthesis lemain unchanged (as is 
probably the case)? 

12 In considenng the problem of duiation 
or rate of succession of the stages, we can 
readily observe that accelerations 01 delays 
m the average chionological age of peiform- 
ance, depend on specific environments (eg, 
abundance or scarcity of possible activities 
and spontaneous experiences, educational 01 
cultuial envnonment), but the oidei of suc- 
cession will remain constant Some authors 
even believe unbounded acceleiation would 
be possible and desnable Biuner (1960) 
went so fai as to asseit that if one tackles it 
the light way, one can teach anything to 
children of any age, but he does not seem 
to believe this any longer On this point, how- 
ever, we can quote two situations investi- 
gated by Gruber The fiist is that of develop- 
ing kittens It has been shown that they go 
thiough the same stages as infants m acqun- 
mg the "'concept” of permanent object, and 
further that they achieve in 3 months what 
the infant does m 9 Howevei, they do not 
progress any further and one may wondei 
whether the child’s slowei rate of develop- 
ment does not, m this case, make foi gieatei 
progress ultimately The second study by 
Gruber conceins the remaikable tardiness 
with which some of Darwin’s mam concepts 
appeared to him, although they weie logical 
consequences of his previous ideas Is this 
remarkably slow speed of invention one of 
the conditions of fruitfulness oi only a de- 
ploiable accident? These aie major problems 
in cognitive psychology that are not yet 
solved Neveitheless, we would like to put 
forward a plausible hypothesis Foi a spe- 
cific subject the speed of transition from one 
stage to the following one has an optimal 
rate That is, the stability and even the fruit- 
fulness of a new organization (or structun- 
zation) depends on connections which cannot 
be instantaneous but cannot be indefinitely 
postponed eithei since they would then lose 
their power of internal combination 

I V THE RELATIONS BETWEEN 
DEVELOPMENT AND LEARNING 

13* If we give the name learning to every 
form of cognitive acquisition, it is obvious 
that development only consists of a sum or a 


succession of learning situations Generally, 
though, the term is lestucted to denote es- 
sentially exogenous acquisitions, where either 
the subject repeats responses, parallel to the 
repetition of external sequences (as m con- 
ditioning), oi the subject disco veis a repeat- 
able response by using the regular sequences 
generated by some device, without having to 
stiuctuie or reorganize them himself through 
a constructive step-by-step activity (instru- 
mental learning) If we accept this definition 
of learning, the question anses whether de- 
velopment is merely a succession of learned 
acquisitions (which would imply a systematic 
dependency of the subject on the objects), 
or whether learning and development con- 
stitute two distinct and sepaiate souices of 
knowledge Finally, there is, of course, the 
possibility that eveiy acquisition thiough 
learning in fact lepresents only a sectoi oi 
a phase of development itself, arbitrarily 
piovided by the environment (which entails 
the possibility of a local deviation from the 
"noimal” cieodes) but remaining subject to 
the general constiamts of the cunent de- 
velopmental stage 

Before we examine the expenmental facts, 
we would like to mention a talented be- 
haviorisms attempt to i educe our theoiv to 
Hull’s theory of learning To effect this re- 
duction, however, Beilyne (1960) was ob- 
liged to mtioduce two new concepts into 
Hull’s theoiy The fiist is stimulus-iesponse 
geneiahzation, which Hull foresaw but did 
not use The second and moie fundamental 
is the concept of "transformational lesponses,” 
which are not lestncted to repetitions but 
aie amenable to leversible transformations 
m the same way as "operations ” In discuss- 
ing equilibration and regulation, Berlyne ex- 
tends the concept of external lemf or cements, 
introducing the possibility of “internal rein- 
forcements” such as feelings of surprise, in- 
coherence or coherence Though these modi- 
fications of Hull’s theory change its structure 
fundamentally, it is not certain that they aie 
sufficient The mam question remains, indeed, 
whether the “tiansformational responses” are 
simple copies of observable external trans- 
formations of the objects or whether the sub- 
ject himself transforms the objects by acting 
on them The main point of our theory is 
that knowledge results from interactions be- 
tween the subject and the object, which are 
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richer than what the objects can provide by 
themselves Learning theories like Hull's, on 
the other hand, reduce knowledge to direct 
“functional copies” which do not enrich real- 
ity The problem we must solve, m order to 
explam cognitive development, is that of 
invention and not of mere copying And 
neither stimulus-response generalization nor 
the introduction of transformational responses 
can explam novelty or invention By contrast, 
the concepts of assimilation and accommoda- 
tion and of operational structures (which are 
created, not merely discovered, as a result 
of the subject's activities), are oriented to- 
waid this inventive construction which char- 
acterizes all living thought 

To close this theoretical introduction to the 
problem of learning and development we 
would like to point out how peculiar it is that 
so many American and Soviet psychologists, 
citizens of great nations, which intend to 
change the world, have produced learning 
theories that reduce knowledge to a passive 
copy of external reality (Hull, Pavlov, etc ), 
whereas human thought always transforms 
and transcends reality Outstanding sectors 
of mathematics (eg, those that involve the 
continuum hypothesis) have no counterpart 
m physical reality, and all mathematical 
techniques result in new combinations which 
enrich reality To present an adequate notion 
of learning one first must explain how the 
subject manages to construct and invent, not 
merely how he repeats and copies 

14 A few years ago the International 
Center of Genetic Epistemology investigated 
two problems 

a Under what conditions can logical struc- 
tures be learned, and are these conditions 
identical to those for learning empirical se- 
quences? 

b And, even m this last case (probabilis- 
tic or even arbitiary sequences), does learn- 
ing imply a logic analogous, for example, to 
the logic of the coordinators of action, the 
existence of which can be observed as early 
as during the organization of sensorimotor 
schemes? 

On the first point, studies such as those of 
Greco, Morf, and Smedslund (1959) have 
shown that in order to Ieam how to construct 
and master a logical structure, the subject 
must start from another, more elementary 


logical structure which he will differentiate 
and complete In other words, learning is 
no more than a sector of cognitive develop- 
ment which is facilitated or accelerated by 
experience By contrast, learning under ex- 
ternal reinforcement (eg, permitting the 
subject to observe the results of the deduction 
he should have made or informing him ver- 
bally) produces either very little change m 
logical thinking or a striking momentary 
change with no real comprehension 

For example, Smedslund found that it 
was easy to make children learn the con- 
servation of weight with pieces of clay whose 
shape was modified and whose constant 
weight could be read by the child on a pan 
of scales, because in this case, mere repeti- 
tion of these observations facilitates generali- 
zation The same processes of reinforcement 
by observation are not at all sufficient to in- 
duce the acquisition of transitivity in the 
weight equivalences A = C if A = B and 
B = C In other words, the logical structure 
of conservation ( and Smedslund has checked 
the correlation between transitivity and op- 
erational conservation) is not acquired m the 
same way as the physical contents of this con- 
servation 

Morf observed the same phenomenon in 
the learning of the quantification of inclusion 
A < B if B = A-\- A' The spontaneous ten- 
dency of the child is to compare part A to 
the complementary part A' whenever his at- 
tention is called to the parts of the whole B 
and B ceases to be preserved as a whole 

By contrast, previous training on the in- 
tersection of classes facilitates learning of 
inclusion It is true that the Dutch psycholo- 
gist Kohnstamm (1956) has tried to show 
that it is possible to teach young subjects the 
quantitative dominance of the whole over 
the part (B > A) by purely didactic and 
verbal methods Hence educational psycholo- 
gists who believe that educational methods 
make it possible to teach anything at 
any age are considered optimistic and 
the psychologists of the Geneva school 
who assert that only an adequate spontaneous 
development makes understanding possible 
under any circumstances are considered pes- 
simistic However, the checks on Kohn- 
stamm's experiment now being made in Mon- 
treal by Laurendeau and Pmard show that 
things are not as simple as they appear (ver- 
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bally tiamed children make a great many 
mistakes on the lelations between A and A') 
One can easily understand that teachers of 
the traditional school will call anyone who 
believes m then methods an optimist, but, m 
our opinion, genuine optimism would consist 
of believing m the child’s capacities for in- 
vention Remember also that each time one 
prematurely teaches a child something he 
could have discovered for himself, that child 
is kept from inventing it and consequently 
from understanding it completely This ob- 
viously does not mean the teachei should not 
devise experimental situations to facilitate 
the pupil’s invention 

To tuna to the second problem we men- 
tioned, Matalon and Apostel have shown 
that all learning, even empiricist learning, 
involves logic This is true m the sense of 
an organization of the subject’s action as op- 
posed to immediate peiception of the ex- 
ternal data, moreover, Apostel has started 
to analyze the algebra of the learning piocess 
and its necessary basic operations 

15. Following these investigations at the 
International Center of Genetic Epistemology, 
Inhelder in Geneva, with hei colleagues 
Bovet and Sinclair (1967), and latei Lauren- 
deau (1966) m Montreal, with her colleagues 
Fourmer-Chomnard and Caibonneau, have 
earned out more detailed experiments The 
aim of then inquiries was to isolate the vari- 
ous factors which may facilitate an opeia- 
tional acquisition, and to establish the possi- 
ble relations with the factors involved m the 
"natural" constructions of the same concepts 
(eg, conservation m the course of spon- 
taneous development) 

As an example, one of Inhelder, Bovet, 
and Sinclair’s experiments (with Fot) is pei- 
formed by showing the child transparent 
jars filled with the same quantities of liquid 
Instead of pouring m the usual manner, these 
jars empty through taps in their bases into 
glass jars of various shapes, which in turn 
empty into more fars on other levels The 
heights and widths of successive jars vaiy at 
each level, but at the bottom of the sequence 
are jars identical to the ones at the top This 
arrangement should lead the child to per- 
foim both dimensional and quantitative com- 
parisons and eventually to understand the 
leason for the equality of the quantities at 
the starting point and at the end point. 



Fig 1 Experimental apparatus for leammg the 
concept of conservation of quantity 

It was discovered in this experiment that 
the results vary very significantly as a func- 
tion of the initial cognitive levels of the 
children, which were classified according to 
the available schemes of assimilation No child 
starting at a preoperational level succeeded 
m learning the logical operations underlying 
the elementary concepts of the conservation 
of physical quantities The great majority 
(87 5% ) did not even show any real pi ogress, 
while a minority (12 5%) moved up to an 
intermediate level characterized by frequent 
oscillations where conservation would be al- 
ternatively asserted or denied This uncer- 
tainty is ascnbable to the fact that the co- 
ordination of the centrations or successive 
isolated states or their variations were still 
partial and transient Clearly, it is one thing 
to observe that m a closed system of physical 
transformations nothing is created and noth- 
ing destioyed, and quite another to infer 
from this a principle of conservation The 
situation is different with children who ini- 
tially were already at this intermediate level 
In this case only 23% did not achieve con- 
servation, while 77% benefited in various 
degrees from the exercise and achieved a 
conservation based on a genuinely operatory 
structure It is true that for about half of 
them (385%), this result involved only an 
extension of a structuration alieady started 
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at the time of the pretest, whereas for the 
other half the gradual constiuction of the 
conservation pi mciple was easy to observe 
duirng the experiment Subsequently their 
reasoning acquued a real stability (theie 
were no 1 egressions in the fiist and the sec- 
ond posttests) In addition, they were able 
to generalize conservation, extending the con- 
cept to include the transformations of a 
plasticine ball m a context which outwaidly 
only remotely resembled the previous learn- 
ing situation However, m comparing the 
arguments foi conservation given by subjects 
who had acquired it by the much slower 
"spontaneous*' process, it was observed that 
they were not entirely identical The formei 
had constructed a structure that did not make 
use of all the possibilities of operational mo- 
bility, which m its complete form entails 
general reversibility In fact, they gave a 
majonty of arguments by identity and com- 
pensation, which had been evolved m the 
expei imental situation, and very few argu- 
ments by reversibility based on cancellation 
On the other hand, progress in the experi- 
mental situation was more general and com- 
plete in the cases of children who were ini- 
tially at an elementary operational level 
(characterized by the acquisition of conser- 
vation of quantity during the experiment) but 
who had not yet acquired the more complex 
concept of conservation of weight, which, 
during spontaneous development, generally 
appears 2 01 3 years later In this case pro- 
gress is genuine when the experimental situ- 
ation does not restrict the child to passive 
observation but involves a series of opera- 
tional exercises (eg, establishing equality 
of weight for objects of diffeient sizes, and 
regardless of position on the scales, and, 
more essentially, comparing the weights of 
collections of different objects and estab- 
lishing their equivalence or nonequivalence) 
After being subjected to this type of training 
sequence, 86% of the subjects achieved con- 
servation (in thiee sessions) Among them, 
64% were able to use the transitive propei- 
ties of ordei oi equality m weight and, using 
arguments based on total reveisibility, showed 
that they felt these properties were logically 
evident These kinds of acquisition are there- 
foie cleaily distinct from the pragmatic solu- 
tion given by children who at a preopera- 


tional level weie subjected (as m Smeds- 
lund*s experiment) only to empirical evidence 

Essentially what this experiment shows is 
that learning is subordinate to the subjects* 
levels of development If they are close to 
the operational level, that is, if they are able 
to understand quantitative relations, the com- 
parisons they make dui mg the experiment 
are enough to lead them to compensation 
and conservation But the faither they are 
from the possibility of operational quantifica- 
tion, the less they are hkely to use the learn- 
ing sequence to arrive at a concept of con- 
servation 

An experiment earned out by Laurendeau 
consists of trying to induce progressive de- 
centration and equilibration, and compaimg 
the results thus obtained to those obtained 
by Skmnei-type operant learning with ex- 
ternal reinforcement One group of subjects 
is asked to predict the level a liquid will leach 
when it is poured from one contamei to an- 
other of a different shape The subjects are 
then shown the level reached when the 
liquid is actually poured so that they may 
see whethei then prediction was correct 
The subjects aie then questioned about con- 
servation, and when they deny it they are 
asked to add the quantity necessary to make 
the levels equal This is repeated with con- 
tainers whose shape is more and moie dif- 
ferent, until one is very wide and low and 
the other very high and thm, and it becomes 
obvious that equal levels do not produce 
equal quantities of liquid In this thud part 
of the experiment 12 gradually highei and 
thinner containers are used, the median ones 
(6 and 7) being equal, these aie filled by 
the subject with quantities of liquid he judges 
to be equal They are then poured into con- 
tainers 5 and 8, respectively, the operation 
is then repeated and 6 and 7 aie poured into 
4 and 9, etc With children between 5 and 
6 a definite improvement in performance 
can be observed, and this is corroboiated by 
the posttests given 1 wfeek and 3 months 
later 

Subjects m a second gioup are asked to 
make the same piechction, but then they aie 
asked only questions (some 20 m all) about 
conservation, correct answers aie suitably re- 
warded In fact, the child is very quickly able 
to give only correct answers and can still do 
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this 2 or 3 days later, but posttests show 
that his learning is much more limited and 
less stable 

To summarize, learning appears to depend 
on the mechanisms of development and to 
become stable only insofar as it utilizes cer- 
tain aspects of these mechanisms, the instru- 
ments of quantification themselves, which 
would have evolved in the course of spon- 
taneous development 

V THE OPERATIVE AND FIGURATIVE 
ASPECTS OF COGNITIVE FUNCTIONS 

16. The stages described m Section III 
are only those concerning the development 
of intelligence, and the aspects of learning 
consideied in Section IV are only relevant 
to these stages 

If we wish to obtain a complete picture of 
mental development, we must not only con- 
sider the operative aspect of the cognitive 
functions, but also their figurative aspect 
We will call operative the activities of the 
subject that attempt to transform reality (a) 
the set of all actions (except those which, 
like imitation or drawing, are purely accom- 
modatory in intent) and (b) the operations 
themselves ‘‘Operative” is thus a broader 
term than “operational,” which is only related 
to the operators In contrast, we shall call 
figurative the activities which attempt only 
to represent reality as it appears, without 
seeking to transform it (a) perception, ( b ) 
imitation, m a broad sense (including giaphic 
imitation or drawing), and ( c ) pictorial rep- 
resentations m mental imagery 

Before discussing these figurative aspects 
and their relations with the operative aspects 
of knowledge, we must briefly analyze their 
relations with the semiotic function (generally 
called symbolic function) In considering 
semiotic functions, Pierce introduced a dis- 
tinction between “indexes” (perceptions), 
“icons” (images), and symbols, m which he 
included language We prefer de Saussure's 
terminology, which is more widely used m 
linguistics, and which is characterized psy- 
chologically in the following way 

a Indexes are signifiers that are not differ- 
entiated from their significants since they are 
part of them or a causal result for example 


for an mfant, hearing a voice is an index of 
someone’s presence 

b Symbols aie signifiers that aie differen- 
tiated from their significants, but they retain 
a measure of similarity with them, for example 
in a symbolic game repiesenting bread by a 
white stone and vegetables by grass 

c Signs are signifieis that are also differ- 
entiated from their signifieis but are conven- 
tional and thus more or less “arbitrary” the 
sign is always social, whereas the symbol can 
have a purely individual origin as in symbolic 
games or m dreams 

We shall thus call the semiotic function 
(or symbolic function, but semiotzc has a 
bioader meaning) the ability, acquired by the 
child m the course of his second year, to rep- 
resent an object which is absent or an event 
which is not perceived, by means of symbols 
or signs, that is, of signifiers differentiated 
from their significants Thus the semiotic func- 
tion includes m addition to language, sym- 
bolic games, mental and graphic images 
(drawings), and defen ed imitation (begin- 
ning in the absence of its model) , which ap- 
pears nearly at the same time (except for 
drawing, which appears slightly later) , where- 
as indexes (including the “signals” involved 
in conditioning aheady play a lde during the 
first weeks The transition from indexes to 
symbols and signs — m other words, the be- 
ginning of the differentiation which charac- 
terizes the semiotic function — is definitely 
related to the progress of imitation, which at 
the sensonmotor level, is a sort of representa- 
tion thiough actual actions As imitation be- 
comes differentiated and intenonzed m images, 
it also becomes the source of symbols and the 
instrument of communicative exchange which 
makes possible the acquisition of language 

Thus defined, the semiotic function paiti- 
ally includes the figurative activities of knowl- 
edge, which m their turn partially include the 
semiotic function There thus exists an inter- 
section between their respective domains but * 
not equivalence or inclusion In effect, per- 
ception is a figurative activity, but it does not 
belong to the semiotic function smce it uses 
only indexes and no representative signifiers 
Language belongs to the semiotic function, 
but it is only partly figurative (mainly when 
the child is young, or less so with increased 
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age, especially with the onset of formal oper- 
ations) In conti ast, imitation, mental im- 
agery, and drawing are both figuiative and 
semiotic 

17 The discussion of perception here is 
very brief, Seagrim's excellent translation of 
the authors Perceptual Mechanisms (1961) 
will be published in the near future However, 
it is relevant to note here that, during our 
study of the development of peiception m the 
child, we have been led to distinguish be- 
tween "field effects” (field being understood 
here as field of visual motor centiation, not 
as field m the sense of Gestalt theory) and 
the perceptual activities of exploration such 
as visual tiansports, 1 elating, and visually 
placing m refeience (as far as position or 
dnection are concerned) 

Field effects quantitatively decrease with 
age (this is the case for the primary optico- 
geometrical illustrations such as Muller Lyer s), 
but they retain their qualitative characteris- 
tics Consequently, their evolution with age 
does not yield a succession of stages For in- 
stance, based on the concept of visual een- 
trations (studied with Vmh-Bang m ocular 
movements) we have been able to construct 
a probabilistic model of "encounters” and 
"couplings” (through successive centrations) 
which gives a general law for the plane pri- 
mary illusions and can be used to compute 
for each one its theoretical positive and 
negative maximum point These points have 
been checked experimentally and remain the 
same at every age, though the quantitative 
amount of the illusion decreases 

In contrast, perceptual activities are modi- 
fied with age and roughly approximate stages 
can be distinguished For example, if one ex- 
poses the same subject to 20 or 30 presenta- 
tions of the Muller-Lyer or lozenge illusion 
(underestimation of the mam diagonal), one 
observes an effect of learning which increases 
with age after 7 years Noeltmg and Gonheim 
were able to show that it did not appear be- 
fore 7 This perceptual learning (which is 
dependent on autoiegulations or spontaneous 
equilibrations) is not remfoi ced, since the sub- 
ject does not know the error m hi<j estimate, it 
is the result of perceptual activities which be- 
come more efficient with age 

Moreover, while studying the way m which 
children perceptually estimate the honzontal- 
lty of a lme (eg, m a tilted triangle), we 


found (with Dadsetan) a real improvement 
toward 9 to 10 years, which is in direct cor- 
l elation with the corresponding spatial opera- 
tions Here, as m all the cases m which we 
could study the relations between perception 
and intelligence, it is intelligence which di- 
rects the movements — natuially not by experi- 
menting with the peiceptual mechanisms but 
by indicating what must be looked at and 
which indexes are useful m making a good 
peiceptual estimate 

18 We have studied mental images exten- 
sively with Inhelder (1966) and many other 
colleagues, especially considenng their rela- 
tions to intelligence (eg, by asking subjects 
to imagine the lesult of pouring a liquid into 
a diffeient container m a conservation experi- 
ment, before they have actually seen the re- 
sult) Oui fiist conclusion is that the image 
does not come fiom peiception (it only ap- 
pears at approximately lyi years together 
with the semiotic function) and that it obeys 
completely diffeient laws It is probably the 
result of an intei lonzation of imitation This 
hypothesis seems conoborated m the domain 
of symbolic games m their initial stages (fic- 
tion or imagination games, which show all 
the transitions between imitative symbols by 
gestures and actions and mtenorized imitation 
or images) 

Fuither, if one distinguishes "reproductive” 
images (to imagine an object or an event 
which is known but is not actually perceived 
at the time) and "anticipatory” images (to 
imagine the lesult of a new combination), our 
results have shown the following 

a Before 7 years, one can find only re- 
productive images, and all of them are quite 
static For example, the subjects experience 
systematic difficulty m imagining the inter- 
mediate positions between the initial veitical 
and final houzontal position of a falling stick 

b After 7 to 8 years, anticipatory images 
appear, but they are not only applied to new 
combinations They also seem to be necessary 
for the repiesentation of any transformation 
even if it is known, as if such representations 
always entailed a new anticipation 

But this research has shown above all the 
strict interdependency between the evolution 
of mental images and the evolution of opera- 
tions Anticipatory images are possible only 
when the corresponding opeiations exist In 
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our experiments conceinmg conservation of 
liquids the younger subjects go through a 
stage of “pseudo-conservation” where they 
imagine that in a narrow container the level 
of the liquid would be the same as m a wide 
one (and it is only when they see that it is 
not the same level that they deny conserva- 
tion) About 23% of the subjects know the 
level will rise, but this knowledge is contained 
m a repioductive image (founded on experi- 
ence) and they conclude that there will be 
no conservation (when asked to poui the 
"same quantity” m the two containers, they 
pour liquid up to the same levels) 

In short, while mental images can sometimes 
facilitate opeiations, they do not constitute 
their origin On the contrary, mental imagery 
is generally controlled by the opeiations grad- 
ually as they appear (and one can follow then 
construction stage by stage) 

19 The study of mental lmageiy led us 
to investigate the development of memory 
Memory has two very different aspects On 
the one hand, it is cognitive (entailing knowl- 
edge of the past) , and m this respect it uses 
the schemes of intelligence, as we shall show 
shortly in an example On the other hand, 
imagery is not abstract knowledge and bears 
a particular and concrete relation to objects 
or events In this respect such symbols as 
mental images and, more specifically, 4 mem- 
ory images” are necessary to its operation 
Images themselves can be schematized, but in 
an entirely different sense, foi images m them- 
selves, however schematic, are not schemes 
We shall therefore use the term schemata to 
designate them A schema is a simplified image 
(for example, the map of a town), whereas a 
scheme represents what can be repeated and 
generalized m an action (eg, the scheme is 
what is common m the actions of * pushing” 
an object with a stick or any other instrument) 
The main result of our research has been, 
m this context, to show not the generality but 
the possibility that progress in memory is in- 
fluenced by improvements m the operational 
schemes of intelligence For example, we 
showed (with Sinclair and others) 3- to 8- 
yeai-old children an array of 10 wooden bars 
varying m length between 9 and 16 cm ar- 
ranged according to their length, and we 
meiely asked the subjects to look at the array, 
A week, and then a month later they were 
asked to draw the array from memory 


The first interesting lesult is that, after 1 
week, the younger childien do not remembei 
the sequence of well-ordeied elements, but 
reconstruct it by assimilating it to the schemes 
corresponding to then operational level (a) 
a few equal elements, (b) short ones and 
long ones, (c) groups of short, medium, and 
long ones, (d) a conect sequence, but too 
short, (e) a complete senation The second 
lemarkable result is that aftei 6 months (with- 
out any new presentation, memory was im- 
proved m 75% of the cases Those who were 
at level a moved up to b Many at level b 
moved up to c or even d The c’s moved up 
to d or e, etc The results, natuially, aie not 
as spectaculai in other expenments, and theie 
is less progress as the model is less schematiz- 
able (in the sense of being made schematic, 
and not being assimilated to a scheme) The 
existence of such facts shows that the struc- 
ture of memory appears to be partly depen- 
dent on the structure of the operations 

VI THE CLASSICAL FACTORS OF 
DEVELOPMENT 

20 We have seen that there exist laws of 
development and that development follows a 
sequential order such that each of its stages is 
necessaiy to the construction of the next But 
this fundamental fact remains to be explained 
The three classical factors of development 
are maturation, experience of the physical en- 
vironment, and the action of ,the social envir- 
onment The two last cannot account for the 
sequential character of development, and the 
first one is not sufficient by itself because the 
development of intelligence does not include 
a hereditary progiammmg factor like the ones 
underlying instincts We shall therefore have 
to add a fourth factor (which is m fact neces- 
sary to the coordination of the three others — 
equilibration, or self-regulation ( auto regula- 
tion) 

It is clear that maturation must have a part 
m the development of intelligence, although 
we know very little about the relations be- 
tween the intellectual operations and the brain 
In particular, the sequential character of the 
stages is an important clue to their partly 
biological nature and thus argues m favor of 
the constant role of the genotype and epi- 
genesis But this does not mean we can assume 
there exists a hereditary program underlying 



720 JEAN PIAGET 


the development of human intelligence there 
are no “innate ideas” (in spite of what Lorenz 
maintained about the a priori nature of hu- 
man thought) Even logic is not innate and 
only gives use to a progiessive epigenetic 
construction Thus the effects of maturation 
consist essentially of opening new possibilities 
for development, that is, giving access to 
structuies which could not be evolved before 
these possibilities were offered But between 
possibility and actualization, there must in- 
tervene a set of other factors such as exer- 
cise, experience, and social interaction 
A good example of the gap that exists 
between the hereditary possibilities and then 
actualization m an intellectual structure can 
be provided by an inspection of the Boolean 
and logical structures discoveied by McCul- 
loch and Pitts (1947) m the neural connec- 
tions In this context the neurons appear as 
operatois which process information accord- 
ing to rules analogous to those of the logic of 
propositions But the logic of propositions only 
appears on the level of thought at around 12 
to 15 years of age Thus there is no direct re- 
lation between the “logic of the neurons” and 
that of thought In this particular case, as m 
many others, the process must be conceived 
of not as progressive maturation, but as a se- 
quence of constructions, each of which partly 
repeats its immediate predecessor but at a 
very different level and on a scope that goes 
far beyond it What makes possible the logic 
of neurons is initially exclusively a nervous 
activity But this activity makes possible in 
its turn a sensorimotor organization at the 
level of behavior However, this organization, 
while retaining certam structures of the neiv- 
ous activity, and consequently being pai tally 
isomorphic to it, results at first m a set of 
connections between behaviois which is much 
simpler than that of the nervous activity it- 
self because these behaviors have to correlate 
actions and objects and are no longer limited 
to exclusively internal transmissions Further, 
the sensorimotor organization makes possible 
the constitution of thought and its symbolic 
instruments, which imply the construction of 
a new logic, paitially isomorphic to the previ- 
ous ones, but which is confronted with new 
problems, and the cycle repeats The proposi- 
tional logic which is constructed between 12 
and 15 years is thus by no means the imme- 
diate consequence of the logic of neurons, but 


it is the result of a sequence of successive con- 
structions that are not preformed m the hered- 
itary nervous structure but are made possible 
by this initial structure So we are now very 
far fiom a model of continuous maturation 
which would explain everything by preformed 
mechanisms For this purely endogenous 
model, there must be substituted a senes of 
actual constructions, the sequential order of 
which does not imply a simple predetermina- 
tion but involves much more than this 

21 A second factor traditionally invoked 
to explain cognitive development is experi- 
ence acquired through contact with the ex- 
ternal physical environment This factor is 
essentially heterogeneous, and there aie at 
least three categories and meanings of experi- 
ence, among which we shall distinguish two 
opposite poles 

a The first is simple exercise , which nat- 
urally involves the presence of objects on 
which action is exeited but does not neces- 
sarily imply that any knowledge will be ex- 
tracted from these objects In fact, it has been 
obseived that exercise has a positive effect m 
the consolidation of a reflex or of a group of 
complex reflexes such as sucking, which no- 
ticeably improves with repetition duung the 
first days of life This is also true of the exei- 
cise of intellectual operations which can be 
applied to objects, although these operations 
are not derived from the objects In contrast, 
the exercise of an exploratory perceptual ac- 
tivity oi of an experiment can piovide new 
exogenous information while consolidating the 
subject's activity We can thus distinguish two 
opposite poles of activity in exercise itself a 
pole of accommodation to the object, which is 
then the only source of the acquisitions based 
on the object's pioperties, and a pole of func- 
tional assimilation, that is, of consolidation by 
active repetition In this second perspective, 
exercise is piedominantly a factor of equili- 
bration or autoregulation, that is, it has to do 
with structurations dependent on the subject's 
activity more than with an increase m the 
knowledge of the external environment 
As legai ds expenence proper in the sense 
of acquisition of new knowledge through 
manipulations of objects (and no longer 
through simple exercise), we must again dis- 
tinguish two opposite poles, which will cor- 
respond to categories ( b ) and (c) 
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b There is what we call physical experi- 
ence , which consists of extracting information 
from the objects themselves through a simple 
process of abstraction This abstraction re- 
duces to dissociating one newly discovered 
property from the others and disiegaiding the 
latter Thus it is physical experience that al- 
lows the child to discover weight while dis- 
regarding an object's color, etc , or to discover 
that with objects of the same nature, their 
weight is greater as their volume increases, 
etc 

c In addition to physical experience (b) 
and to simple exercise (a), there is a third 
fundamental category, which stiangely prac- 
tically never has been mentioned in this con- 
text This is what we call logicomathematical 
experience It plays an impoitant part at all 
levels of cognitive development wheie logical 
deduction or computation are still impossible, 
and it also appears whenever the subject is 
confronted with problems in which he has to 
discover new deductive mstiuments This type 
of experience also involves actmg upon ob- 
jects, for there can be no experience without 
action at its source, whether real or imagined, 
because its absence would mean theie would 
be no contact with the external world How- 
ever, the knowledge derived from it is not 
based on the physical properties of these ob- 
jects but on pioperties of the actions that are 
exeited on them, which is not at all the same 
thing This knowledge seems to be derived 
from the objects because it consists of discov- 
ering by manipulating objects, properties intro- 
duced by action which did not belong to the 
objects before these actions For example, if a 
child, when he is counting pebbles, happens to 
put them m a row and to make the astonishing 
discovery that when he counts them from the 
right to the left he finds the same number as 
when he counts from the left to the right, and 
again the same when he puts them in a circle, 
etc,, he has thus discovered experimentally that 
the sum is independent of older, But this is a 
logicomathematical experiment and not a phys- 
ical one, because neither the order nor even the 
sum was in the pebbles before he arranged 
them in a certain manner (1 e , ordered them) 
and joined them together in a whole What he 
has discovered is a relation, new to him, be- 
tween the action of putting m order and the 
action of joining together (hence, between 


the two future operations), and not, or not 
only , a property belonging to pebbles 

Thus we see that the factor of acquired ex- 
perience is, m fact, complex and always in- 
volves two poles acquisitions derived from 
the objects and constructive activities of the 
subject Even physical experience (b) is never 
pure, since it always implies a logicomathe- 
matical setting, however elementary (as m 
the geometrical Gestalts of perception) This 
amounts to saymg that any particular action 
such as ‘weighing" that lesults in physical 
knowledge is never independent of more gen- 
eral coordinations of action (such as ordering, 
joining together, etc ) which are a source of 
logicomathematical knowledge 

22 The third classical factor of develop- 
ment is the mSuence of the social envuonment 
Its importance is immediately verified if we 
consider the fact that the stages we mentioned 
m Section III are accelerated or retarded in 
their average chronological ages according to 
the child’s cultuial and educational envmon- 
ment But the very fact that the stages follow 
the same sequential order in any environment 
is enough to show that the social environment 
cannot account for everything This constant 
older of succession cannot be ascribed to the 
environment 

In fact, both social or educational influences 
and physical experience are on the same foot- 
ing in this respect, they can have some effect 
on the subject only if he is capable of assimi- 
lating them, and he can do this only if he 
aheady possesses the adequate instruments or 
structures (or their primitive foims) In fact, 
what is taught, for instance, is effectively as- 
similated only when it gives rise to an active 
reconstruction 01 even reinvention by the 
child 

An excellent example of this complex situa- 
tion is piovided by the difficult problem of 
the lelations between language and thought 
Many authors have maintained that language 
is not only the essential factoi m the constitu- 
tion of repiesentation or thought, which laises 
a first question, but also that language is the 
ongm of the logical operations themselves 
(eg, classification, order, propositional oper- 
ations), which raises a second question 

With lespect to the first question, it is 
doubtless tiue that language plays a major 
part in the interim ization of action into rep- 
resentation and thought But this linguistic 
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factor is not the only one at work We must 
refer to the symbolic or semiotic function as a 
whole — and language is only a part of this 
The other instruments of representation are 
deferred imitation, mental imagery (which is 
an mteriorized imitation and not a mere ex- 
tension of perception), symbolic games (or 
games of imagination), drawing (or graphical 
imitation), etc, and it is certainly imitation 
m the general sense which constitutes the 
transition between the sensonmotor and semi- 
otic functions. Thus it is m the general con- 
text of the semiotic function that language 
must be considered, however important its 
part may be The study of deaf-mutes, foi 
example, shows how far the other symbolic 
instruments can reach when the development 
of articulate language is disturbed 

Turning to the question of the relations be- 
tween language and logical operations, we 
have always maintained that the origm of 
logical operations is both deeper than and 
genetically prior to language, that is, it lies 
m the laws of the general coordinations of 
action, which control all activities including 
language itself 

An elementary logic already exists in the 
coordination of the sensorimotor schemes (cf 
Section I the group of translations, the con- 
servation of the objects, etc ) It exists m a 
form of intelligence which is yet neither ver- 
bal nor symbolic But there still remains to 
establish more precisely the relations between 
language and the logical operations on the 
level of mteriorized thought 

This has recently been done by Sinclair in 
a set of expeiiments at the psychological and 
linguistic level, which are most instructive 
She studied two groups of 5- to 7-year-old 
children, one clearly at a preoperational stage 
and unable to attain the concept of conserva- 
tion, whereas the other possessed all the in- 
struments that lead to conservation She was 
then able to show that their language is on 
the average noticeably different when one ex- 
amines them on subjects other than conserva- 
tion, for instance, when one asks them to 
compaie two or more objects such as a long, 
thin pencil and a short, thick one The pre- 
operational group uses mainly the nonrela- 
tional terms of a scale “this one is long, this 
one is short, this one is thick, and this one is 
thm ” The operational group, m contrast, uses 
mainly “vectoi s” “this one is smaller and 


thickei,” etc Theie is thus a clear relation 
between linguistic and operational level (and 
this is also true m other situations) But m 
which direction? To establish this, Sinclair 
then taught a group of younger subjects to 
0 use the verbal forms used by the older ones 
Once this was done she again investigated 
their opeiational level and discovered that 
only approximately 10% had improved, this 
very small proportion could even represent 
intermediate cases, or cases who were alieady 
very near the operational threshold We can 
thus observe that language does not seem to 
be the motor of operational evolution but 
rathei an instrument m the seivice of intelli- 
gence itself (See Sinclair and Zwart, 1967) 

To conclude If 20, 21, and 22, it appeals that 
the tiaditional factors (maturation, experience, 
social environment) are not sufficient to ex- 
plain development We must theiefore appeal 
to a fourth factor, equilibration, and we must 
do this for two reasons The first is that these 
three heterogeneous factors cannot explain a 
sequential development if they are not in some 
i elation of mutual equilibrium, and that there 
must therefore exist a fourth organizing factor 
to coordinate them m a consistent, noncontra- 
dictory totality The second reason is that any 
biological development is, as we now know, 
self-regulatory, and that self-iegulatmg pioc- 
esses are even more common at the level of 
behavior and the constitution of the cogni- 
tive functions We must thus consider this 
factor separately 

VII EQUILIBRATION AND COGNITIVE 
STRUCTURES 

23. The mam aim of a theory of develop- 
ment is to explain the constitution of the op- 
erational structures of the integrated whole 
or totality ( structure op^ratoire d* ensemble) 
and we believe only the hypothesis of pro- 
gressive equilibration can account for it To 
undei stand this we must first briefly consider 
the operational structures themselves 

The concept of structure became classical 
in psychology when it was introduced by 
Gestalt theory to combat association and its 
atomistic habits of thought But the Gestalt- 
ists conceived of only one type of structure 
as applicable to the whole of psychology, 
from perception to intelligence They did not 
distinguish two characters, which in reality 
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are quite diffeient The first is common to all 
structures, they all possess holistic laws de- 
rived from the fact that they form a system, 
and these laws are distinct from the proper- 
ties of the elements m the totality The second 
character is nonadditive composition, that is, 
the whole is quantitatively different from the 
sum of the parts (as in Oppel’s perceptual 
illusion) But m the field of intelligence, there 
exist structures which verify the first charac- 
teristic and not the second, the set of integers, 
foi instance, has holistic properties as such 
("group," “ring,” etc ), but composition m it 
is strictly additive — 2 4- 2= 4, no more, no 
less 

We have theiefore attempted to define and 
analyze the structures specific to intelligence, 
and they aie structures involving operations, 
that is, involving mtenonzed and reversible 
actions such as addition, set-theoretic union, 
logical multiplication, or, in other words, com- 
position of a multiplicity of classes or rela- 
tions "considered simultaneously ” These struc- 
tures have a very natural and spontaneous 
development in the child’s thought to senate, 
for instance (i e , to order objects accordnng 
to their increasing size), to classify, to put 
into one-to-one or one-to-many correspond- 
ence, to establish the multiplicative matrix, 
are all structures that appear between ages 7 
and 11, at the level of what we call "concrete 
operations" which deal directly with objects 
After 11 to 12 other structures appear, such 
as the four-group and combinatorial processes, 
which we shall describe later 

To investigate the properties of these con- 
crete operational structures, and to establish 
their laws, we need to use the language of 
the logic of classes and relations, but this does 
not mean we are leaving the field of psychol- 
ogy When a psychologist computes the vari- 
ance of a sample or uses the formulas of 
factor analysis, it does not mean his field has 
become statistics and not psychology To an- 
alyze structures we must do the same, but, 
since we are not dealing with quantities, we 
must simply resort to more general mathe- 
matical instruments such as abstract algebra 
or logic But they are only instruments which 
will allow us to reach genuinely psychological 
entities such as operations, considered as in- 
tenorized actions or general coordinations of 
actions 

A totality structure such as a classification 


has the following properties, which char- 
acterize, simply, the operations that are actu- 
ally present in the subject’s action 

a He can combine one class A with an- 
other A', to obtain class B, denoted A 4- A' = 
B (he can then go on to perform B + B r = C, 
etc ) 

b He can dissociate A or A' from B, de- 
noted B — A' = A, which constitutes the in- 
verse operation Notice this reversibility is 
necessary to the understanding of the relation 
A < B, and we know that until 7 or 8, the 
child does not grasp easily the idea that if he 
is given 10 primroses A, and 10 other flowers 
A', then there are more flowers B than pnm- 
loses A, because to be able to compare the 
whole B to the part A, one must be able to 
combme the two operations A 4- A' = B and 
A = B — A', otherwise the whole B is not 
preserved, and A is then only compared to A' 

c He will understand that A — A = 0, and 
A 4- 0 = A 

d Finally, he will be able to associate (A 
+ A') + B' = A 4- (A' + B')=C, while (A 
4- A) — A = 0 is not equal to A + (A — A) 
= A 

We have called groupements these elemen- 
tary groupings 7 ( structures de groupoides ), 

7 A grouping can be considered as a lattice 
that has been made reversible In a lattice, if A 
4- A' = B, where B is an upper bound of A and 
A', A can be recovered by operating on B, B — 
A' = A But the more general case is where C is 
an upper bound of A and C f , for example, and 
A ± D — C' In other words, the operation A + 
A' can only be "reversed” between contiguous ele- 
ments such as A and A', in the sense that m the 
3-tuple A, A', B any two elements uniquely de- 
termine the third (Fig FT a) 

This is not the case for A, C', D, where A -f 
C* = D — Z>' — B f — A' Here we consider a 
grouping as a group where composition is re- 
stricted to contiguous elements only ( A 4 C", for 
example, is not defined without special conditions) 
and by the special identities A-(-A = A, A + B 
= B A grouping is therefore only defined as a 
sequence of nested elements, such as a classifica- 
tion (Fig F7 b) It consists of (a) a direct op- 
eration (b) an inverse operation ( c ) an identity 
operation O and (d) special identities, 

A 4- A' = B 
B - A' = A 

A + O = A, A — A~ O 

A 4- A = Aj A — A “ A, 

A+ B = B 



724 JEAN PIAGET 



Fig F7 a 



Fig F7 b 

which are more primitive than mathematical 
groups, but which are also much moie limited 
structures and less elegant ones, m that com- 
position is defined only between neighboring 
elements without general combinatorial prop- 
erties and shows restricted associativity 8 We 
have often been criticized for having thus only 
constructed structures that have no psycholog- 
ical reality But such structures actually exist, 
primarily because they describe simply what 
happens m a classification, a senation, etc , all 

8 Associativity is limited by die fact that the 
grouping only combines contiguous elements A 
+ C' can only be constructed by operating step- 
by-step on the nearest contiguous classes A, A', 
B', up to D, the first class containing both A and 
C', then A-j-C' = D — B' — A' Similarly, A — 
C' only gives rise to the tautology A — C' = (D 
-C' -B' -A') -C' where (D - C' - B' - 
A' ) = A The consequence of these restrictions is 
that associativity is not verified before the ele- 
ments m brackets have first been “reduced” (A 
+ A') +F = B + B' = C, but A+(A' + B') 
has no meaning since (A'-f B') and is not de- 
fined as such, ( For further details of the reduction 
rules, cf Piaget, 1959 ) In contrast, on the group 
of the integers under addition, any number can 
be immediately added to or subtracted from any 
other because an integer can be completely freed 
from its successors that “contain” it ( Translator's 
note) 


of which are quite contemporaneous behav- 
iors Moreover, they can be recognized on the 
psychological level by the more general char- 
acters that reveal the existence of a totality 
structure, such as transitivity (for instance, in 
a senation A < C if A < B and B < C ) and 
the constitution of conservation concepts (con- 
servation of a whole B when the arrangement 
of its parts A and A' is modified, conservation 
of length, quantity, etc ) 

24. The problem then becomes that of un- 
derstanding how the fundamental structures 
of intelligence can appear and evolve with all 
those that later derive from them Since they 
aie not innate, they cannot be explained by 
maturation alone Logical structures are not 
a simple product of physical experience, m 
senation, classification, one-to-one coirespond- 
ence, the subject's activities add new relations 
such as order and totality to the objects Logi- 
comathematical experience denves its infor- 
mation from the subject's own actions (as we 
saw m f 21 ) , which implies an autoregulation 
of these actions It could be alleged that these 
structuies are the result of social or educa- 
tional transmission But as we saw (1(22), 
the child must still understand what is trans- 
mitted, and to do this the structures are 
necessary Moreover, the social explanation 
only displaces the problem how did the 
members of the social group acquire the 
structures m the first place? 

But on all levels of development actions 
are coordinated in ways that already involve 
some properties of order, inclusion, and cor- 
respondence, and also foreshadow such struc- 
tures (eg, senation for order, classification 
for inclusion, multiplicative structures for 
correspondence). What is more important, 
though, is that coordination of actions in- 
volves correction and self-regulation, m fact, 
we know regulatory mechanisms characterize 
all levels of organic life (this is true for the 
genetic pool as well as for behavior) But 
regulation is a process of retioaction (nega- 
tive feedback), which implies a beginning 
of reversibility, and the relationship between 
regulation (which is correction of error with 
semireversibility m the retroaction) and op- 
eration, whose full reversibility allows for 
precorrection of errors (le, for “perfect” 
regulation in the cybernetic sense) becomes 
apparent 

Thus it seems highly probable that the 
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construction of structures is mainly the work 
of equilibiation, defined not by balance be- 
tween opposite foices but by self-regulation, 
that is, equilibiation is a set of active reac- 
tions of the subject to external disturbances, 
which can be effective, or anticipated, to 
varying degrees Equilibrium thus becomes 
identical with reversibility, but when one 
objects (as Burner does, for example) that 
equilibrium therefore becomes superfluous, 
because reversibility is sufficient m itself, 
one f 01 gets that it is not only the final state 
of equilibrium that must be considered, but 
that equilibration is essential as the self-regu- 
lating process leading to this final state and 
thus to the reversibility that characterizes 
the structuies that must be explained 
25. Equilibration has explanatory value be- 
cause it is founded on a piocess with increas- 
ing sequential probabilities We can under- 
stand this better through an example How 
can we explain the fact that when a spheri- 
cal lump of clay is changed into the shape 
of a sausage in front of him, a child will be- 
gin by denying that the quantity of clay is 
preserved under this transformation, and end 
by asserting the logical necessity of this 
conseivation? To do this we must define 
four stages, each of which becomes more 
probable , not a priori, but as a function of 
the present situation or of the one immedi- 
ately preceding it 

a Initially the child considers only one 
dimension, for instance, length (say 8 times 
out of 10) He then says the sausage con- 
tains more matter because it is longer Some- 
times (say 2 times out of 10) he says it is 
thinner, but forgetting its greater length, he 
concludes the quantity of mattei has de- 
creased Why does he reason thus? Simply 
because the probability of considenng one 
dimension only is greatei If the probability 
for length is 8 and that for width is 2, that 
for length and width is 16, because they are 
independent occurrences as long as com- 
pensation is not understood 

b If the sausage is made longei and longer, 
or if the child becomes weary of repeating 
the same argument, the probability of his 
noticing the other dimension becomes greater 
(though it was not initially) and he will 
fluctuate between the two 

c If there is oscillation, the probability 


of the subject's noticing some correlation be- 
tween the two variations (when the sausage 
becomes longer it becomes thinner) becomes 
greater (third stage) But as soon as this 
feeling of the solidarity existing between 
variables appeals, his reasoning has acquired 
a new property it does not rest solely on 
configurations any more but begins to be 
concerned with transformations the sausage 
is not simply “long", it can “lengthen,” etc 

d As soon as the subject's thought takes 
transformations mto account, the next stage 
becomes more probable in which he under- 
stands (alternately or simultaneously) that a 
transformation can be reversed, or that the 
two simultaneous transformations of length 
and width compensate, because of the soli- 
darity he has glimpsed [see stage (c) ] 

We can thus see that progressive equilibra- 
tion has effective explanatoiy value Stage 
(a) (which all those who checked our re- 
search have found) is not an equilibrium 
point because the child has noticed only one 
dimension in this case the algebraic sum of 
the virtual components of work (to quote 
d'Alembert's principle on physical systems) 
is not zero since one of them, which con- 
sists of noticing the othei dimension, has not 
been completed yet and will be sooner or 
later The transition from one stage to another 
is therefore an equilibration m the most 
classical sense of the word But since these 
displacements of the system are activities of 
the subject, and since each of these activities 
consist of correcting the one immediately 
preceding it, equilibration becomes a se- 
quence of self-regulations whose retroactive 
processes finally result m operational reversi- 
bility The latter then goes beyond simple 
probability to attain logical necessity 

What we have just said about an instance 
of opeiational conseivation could be repeated 
about the construction of every operational 
structure Seriation A < B < C, for example, 
when it becomes operational, is the result 
of cooidmatmg the relations < and > (each 
new element m E m the ordered sequence 
having the property of being both > Z), C, 
B, A, and < F, G, H, and this coordina- 
tion is again the result of an equilibration 
process of increasing sequential probabilities 
of the kind we have described Similarly for 
inclusion of classes, A<B if B^A + A f and 
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A' > O is obtained by an equilibiation of the 
same type 

It is not therefore an exaggeration to say 
that equilibration is the fundamental factor 
of development, and that it is even necessary 
for the coordination of the three other factors 

VIII THE LOGICOMATHEMATICAL 
ASPECTS OF STRUCTURES 

26. The “concrete” operational structures 
we have just mentioned all presuppose the 
construction of ceitain quantities extension 
of classes for classification (which explains 
the difficulty of quantifying the inclusion of 
classes), size of the differences foi senation, 
quantitative conseivations, etc But even be- 
fore these quantitative stiuctures are con- 
structed, some paitial and quahtative struc- 
tures may be obseived at the preoperational 
levels which are of gieat interest, because 
they constitute the fust half, so to speak, of 
the logic of reversible operations These are 
the directional functions (one-way functions 
that do not have inverses, which would imply 
reversibility) and the quahtative identities 
(see If 10) 

The functions, we remember are “map- 
pings” m the mathematical sense, which 
have no inverses because, as we saw, they 
are psychologically related to the schemes 
of action, which are goal-directed Suppose, 
for instance, we have a piece of string 6, 
part a of which is at right angles to the rest 
( d ) and can slide on a nail when a weight 
is connected with d and a is held back by 
a spring All children between 4 and 7 un- 
derstand that if one pulls b, a grows shoiter 
as d grows longei But they do not yet have 
conservation of the length of the whole b 
(b = a + d ) , and what they perform is not 
a quantified operation but simply a qualita- 
tive or ordinal equation (longer = farther) 

Similarly for identity, all childien (oi 
nearly all) agree, as we saw, that when a 
ball of clay is changed into a sausage, it is 
the “same” lump of clay even if quantity is 
not pieserved These identities aie acquired 
early and the scheme of permanent objects 
we mentioned in f2 is one of them In a 
lecent book, Bruner consideis them the 
origin of quanitative conservations This is 
true m a sense (they are a necessary con- 
dition, but not a sufficient one), but a cen- 


tral difference remains qualities (on which 
qualitative identity is founded) can be es- 
tablished perceptually, whereas quantity in- 
volves a lengthy stiuctural elaboration whose 
complexity we have just seen (If 23 to 26) 

In fact, functions and qualitative identity 
constitute only that half of a logic which is 
both preoperational and quahtative and leads 
to the logic of reversible and quantitative 
operations but is not powerful enough to 
account f oi it 

27. This quantification of concrete opeia- 
tions, as opposed to the quahtative natuie 
of preoperational functions and identities, is 
revealed m particulai by the construction, 
around 7 or 8, of the operations related to 
number and measure, which are partly iso- 
morphic to one anothei but have very dif- 
ferent content The construction of caidinal 
numbers cannot be explained, as was believed 
by Russell and Whitehead, simply by one- 
to-one conespondence between equivalent 
classes, because the correspondence they 
used, by abstraction of qualities (in contrast 
with qualified correspondence between in- 
dividual objects with the same properties) 
implicitly introduced unity and therefore 
number, which made then reasoning ciicular 
In fact, when we deal with finite sets caidi- 
nal numbers cannot be dissociated from 
ordinal numbers and aie subject to the three 
following conditions 

a Abstraction fiom qualities, which makes 
all smgulai objects equivalent and therefore 
1 = 1 = 1 

b The intervention of order 1 -> 1 -> 1 
, which is necessary to distinguish the 
objects from one anothei — otherwise 1 + 1 = 
1 would be true 

c An inclusion of (1) m (1 + 1), then 
of (1 + 1) m (1 + 1 + 1), etc 

The mtegeis thus lesult from synthesis of 
order (senation) and inclusion or nested sets 
(classification), which is made necessary by 
the absti action from qualities Hence the m- 
tegeis are built up from purely logical ele- 
ments (senation and classification), but they 
are leananged in a new synthesis which 
allows for their quantification by an iterative 
process 1 + 1 = 2, etc 

Similarly, measurement m a continuum 
(eg, a line, a surface) implies (a) its paiti- 
tion into segments one of which is then 
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chosen as unity and made equivalent to others 
by congruence a = a = a , (b) its trans- 
lation m a certain order, a a -» a, etc , 
to make it congruent to others, and (c) the 
units settling into its additive compositions, 
thus a into (a + a) and (a + a) into (a + a 
+ a) This synthesis of partition with nested 
segments and order m the translations of 
unity is thus isomorphic to the synthesis of 
order and inclusion which characterizes num- 
ber, and this makes it possible to apply num- 
ber to measurement 

It is thus clear that without having recourse 
to anything other than the synthesis of ele- 
mentary “groupings” of inclusion or order 
relations, the subject attams a numerical or 
metrical quantification whose power by far 
surpasses the elementary quantification (re- 
lations fiom part to whole) of the extension 
of classes or of senation based on differences 
evaluated simply by “more” or “less ” 

28. After the concrete operational struc- 
tures mentioned m 123, two other new 
structures are constructed between ages II 

9 The INRC group is a set of operations that 
act on the operations or elements of some other 
algebraic structure which has an mvolutive op- 
eration (an operation which is its own inverse 
N 2 z=I), An example of an mvolutive operation 
is th e duali ty (de Morgan) law of Boolean alge- 
bra. p U Q “ V A q> which we can write N{p V 
q) 5=5 V A q (N for negative) If we define C 
(correlative) to be the rule that acts on the con- 
nectives, changing A into V and conversely, and 
R (reciprocal) to be the rule that acts on the sign 
of the vanables, changing p into p and conversely, 
then by using C and R m succession [on, say ( p 
UqOL we get the same result as by using N 
The following “state diagram” shows the relations 



Identity I can now be defined as the rule that 
changes any formula into itself, and the following 
properties can easily be verified by “chasing 
around the diagram.” 

a RC == AT, RN = C, CN = R, and all couples 
are commutative — RC = CR, etc 

b. C% = N 2 R 2 =1 (all transformations are 
mvolutive, 1 e , each element has an inverse) 

c, BNC =1 


and 15 which make possible the manipulation 
of such propositional operations as implica- 
tions (p > q) 9 mcompatibihties (p | q), and 
disjunctions (p v q), etc These two new 
structures are the four-group and combina- 
torial operations Combinatorial activity at 
this stage consists of classifying all possible 
classifications (just as permutations are a 
senation of senations) aa, ab, ac 9 be, bb, cc, 
etc, and this does not therefore constitute 
an entirely new operation but an operation 
on other operations Similarly, the four-group 
INCR 9 results from connecting in a whole 
the inversions N and reciprocities R (thus 
the inverse of the reciprocal NR = C appears, 
as well as the identity operation I = NCR) 
But inversion already exists in the groupe- 
ments of classes, under the form A — A = O, 
and reciprocity exists under the form A = B 
therefore B = A in the groupements of rela- 
tions The INRC group is thus again an 
operational structure bearing on prior opera- 
tions As for the propositional operations, 
p > q, etc , which involve both combina- 

From this we can show the set [I, N, R, C] to- 
gether with the operation of composition ( in the 
usual sense of applying one transformation on the 
result of another) forms a noncychc group of four 
elements (known as the Klien four-group) 

The INRC group can also be defined on phys- 
ical systems that have the proper structure (ie., 
an mvolutive transformation that can be “decom- 
posed” into two other mvolutive transformations ) 
In one of his experiments on double reference- 
systems Piaget uses a snail, which can move from 
left to right and conversely on a small hoard, 
which can itself he moved both ways on a table 
We can define C to be the rule that reverses the 
movement of the snail C (L, L) = (R, L), 
for example [where (R, L) means the snail (first 
coordinate ) is moving right, and the board moving 
left] Then we can define R to be the rule that 
reverses the second coordinate, for example, 
R (L, L) = (L, R) (this reverses the movement 
of the board) The “state diagram” has the same 
structure as before, and N (N reverses both 
movements) is the product of R and C 


(R,R) C (L,R) 



(H, L) C (L, L) 


(Translator’s note) 
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tonal activity and the INRC group, they are 
new in their form, but in their content they 
deal with connections between classes, rela- 
tions, or numbers, etc, and are therefore 
again operations on operations 
In general, the opeiations belonging to 
the third period of development (see f 10, 
period c for ages 11 to 12) have their roots 
m concrete operations (subperiod b II, be- 
tween 7 and 11) and enrich them, )ust as the 
source of concrete opeiations is in the sensori- 
motor schemes (period a, until about 2) 
which they also considerably modify and en- 
rich The sequential character of the stages 
(which we sufficiently stressed m If 10) thus 
conesponds from the point of view of the 
construction of structuies to a mechanism 
which we must now analyze, because it is 
too important for us to merely call it a se- 
quential oi progressive equilibration process 
We must still understand how the construc- 
tions that bring about novelty occur, and this 
is a well-known problem m the development 
of mathematical structures 
29 We saw (If 21c) that before the level 
at which logicomathematical operations are 
constructed and thus become a deductive 
system we can speak of logicomathematical 
experiments, which extract information from 
the properties of actions applied to objects, 
and not from the objects themselves, which 
is quite another matter We thus have, m 
contrast with abstraction proper, a new type 
of abstraction which we shall call reflective 
abstraction and which is the key to our prob- 
lem To abstract a property from an action 
or an operation, it is not enough to dissoci- 
ate it from those that will be disregarded 
(eg, a dissociation between the “form” to 
be retained and the “content” to be disre- 
garded), the property or form thus retained 
must m addition be transferred somewhere, 
that is, on a different plane of action or opera- 
tion In the case of abstraction proper this 
question does not appear since we are deal- 
ing with a property of an object, which is 
assimilated by the subject In the case of 
reflective abstiaction, howevei, when the 
subject extracts a property or a form from 
actions or operations on a plane P 1} he must 
then transfer it to a higher plane P 2 , and this 
is thus a reflection m a quasi-physical sense 
(as m the reflection of a light beam) But 
for this form or property to be assimilated on 


this new plane P 2 , it must be reconstructed 
on this new plane and therefore subjected to 
a new thought process which will this time 
mean “leflection” m a cognitive sense Thus 
it is m both senses of the word that we must 
undei stand “reflective abstraction” 

But if a new cognitive processing is neces- 
sary on plane P 2 to assimilate the properties 
or forms absti acted from plane P l9 this means 
new operations or actions on plane P 2 will 
be added to those of plane Pj from which 
the requned information was absti acted Con- 
sequently, reflective abstraction is necessarily 
constructive and enriches with new elements 
the structures drawn from plane P 1# which 
amounts to saying it constructs new struc- 
tures This explains why the conciete opera- 
tions based on sensoiimotor schemes are 
nchei than they were and why the same is 
true of propositional or formal operations, 
which are themselves based on concrete op- 
eiations As operations on operations, they 
add new modes of composition (combinator- 
ial ones, etc ) 

But reflective abstraction is the general 
constructive process of mathematics it has 
served, for example, to evolve algebra out 
of arithmetic, as a set of operations on opera- 
tions Cantor constructed transfimte arith- 
metic m the same manner, he put into one- 
to-one correspondence the sequence 1, 2, 3, 
4, , with the sequence 2, 4, 6, 8 

This generates a new number ( K 0 ) which 
expresses the “power (a number) of the 
denumbrable,” but is an element of neither 
sequence Present function theory constructs 
“morphisms” and “categories,” etc, m the 
same mannei, and this is also true for the 
Bourbaki with the “mothei structures” and 
their denvatives 

It is thus a remarkable fact that the proc- 
ess of the construction of structures we ob- 
serve m the sequential stages of development 
m children and m the mechanisms of equili- 
bration through self-regulation (which result 
m this self-regulation through feedback of a 
higher order, which is a reversible operation) 
coincides with the constant constructive proc- 
ess used by mathematics m their indefinitely 
fruitful development This is a solution to 
the problem of development which reduces 
to neither an empirical process of discovery 
of a “ready-made” external reality nor to a 
process of preformation or predetermination 
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(a prion), which would also mean believing 
that everything is ready-made from the be- 
ginning We believe truth lies between these 
two extremes, that is, in a constructivism 
which expresses the manner m which new 
structuies aie constantly being elaborated 

VIII CONCLUSION FROM PSYCHOLOGY 
TO GENETIC EPISTEMOLOGY 

30 The theoiy we have outlined is neces- 
sarily mtei disciplinary, and it involves, m 
addition to psychological * elements, com- 
ponents belonging to biology, sociology, lin- 
guistics, logic, and epistemology The rela- 
tions with biology are obvious since the 
development of cognitive functions is a pait 
of the epigenesis that leads from the first 
embryological stages to the adult state From 
biology we essentially retain the three follow- 
ing points 

a Theie can be no transformation of the 
oiganism or of behavioi without endogeneous 
oiganizational factors, because the phenotype, 
although it is constructed m interaction with 
the environment, is the genome's “response” 
(or a response of the entne population's 
genetic pool, the individual genome being 
a cross section of the gene pool) to environ- 
mental “sti esses ” 

b Conversely, theie is no epigenetic 01 
phenotypic transformation independent of in- 
teraction with environmental influences 

c These interactions involve continuous 
processes of equilibration or self-regulation, 
of which the equilibrium between assimila- 
tion and accommodation is an early instance 
This also appears m sensorimotor, representa- 
tive, and preoperational self-regulations, and 
even m operations themselves since they are 
anticipatory self-iegulations and conections 
of error which do not rely any more on the 
feedback fiom an eiror which has alreadv 
happened 

The relations with sociology are also self- 
evident, because even if the origin of cogni- 
tive stmctures is m the general coordinations 
of action, they are also mterpeisonal or social 
as well as individual, since the coordination 
of the actions of individuals obeys the same 
laws as intra-individual coordination This is 
not tiue of social processes involving con- 
straint or authority, which lead to a socio- 


centnsm closely akin to egocentrism, but it 
is true in situations of cooperation, which are 
m leality “co-opeiations *' One of the funda- 
mental piocesses of cognition is that of de- 
centration relative to subjective illusion (see 
If 8) and this process has dimensions that are 
social or interpersonal as well as rational 

The lelations with linguistics would have 
very little meaning if linguistics were still 
defending positions like Bloomfield's, with its 
naive antimentalism But we can adopt, m 
G A Miller s words, a position of “subjective 
behaviorism,” and in linguistics proper, the 
contemporary work of Chomsky and his 
gioup on tiansformational grammars is not 
veiy far from our own operational perspec- 
tives and psychogenetic constructivism But 
Chomsky believes m the hereditary basis of 
his linguistic structuies, whereas it will prob- 
ably be possible to show that the necessary 
and sufficient conditions for the construction 
of the basic units on which are founded the 
linguistic structuies are satisfied by the de- 
velopment of sensorimotor schemes, and this 
is what Sinclair is working on at the present 
time 

The relations with logic are more complex 
Modem symbolic logic is a “logic without a 
subject,” whereas psychologically there ex- 
ists no “subject without a logic” The sub- 
ject's logic is undeniably poor and the groupe- 
ment stmctures m particular are of little 
algebiaic intei est, except for the fact that re- 
lated elementary structures do seem to arouse 
the mathematician's interest But we must 
note that m studying the subject's logic we 
were able to formulate the laws of the four- 
group of propositional transformations INRC 
m 1949, that is even before logicians them- 
selves began to look into it On the other 
hand, present work on the limits of formali- 
zation, initiated with Go del's proof, will, more 
or less necessarily, orient logic toward a kind 
of constructivism, and in this light the paral- 
lel with psychogenetic construction has some 
intei est Generally speaking, logic is an axio- 
matic system, and m our context we must ask 
An axiomatization of what? It is certainly not 
an axiomatization of the subject's conscious 
thought piocesses, because they are incon- 
sistent and incomplete But behind conscious 
thought are the “natural” operatory stmc- 
tures, and it is obvious that, even though it 
can indefinitely surpass them (because the 
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pioductivity of axzomatics has no formal 
limit), they became the basis of logical 
axiomatization through a process of ‘reflec- 
tive abstraction” 

31 Finally, there remains the great prob- 
lem of the relations between the theory of 
the development of cognitive functions and 
epistemology When one adopts a static lather 
than a psychogenetic point of view and when 
one studies, for example, the intelligence of 
an adult or of subjects considered at a single 
level, it is easy to distinguish psychological 
problems (how intelligence functions or what 
are its performances) fiom epistemological 
problems (what are the relations between 
the subject and the objects, and whether or 
not knowledge of the former adequately at- 
tains the latter) But when one adopts a 
psychogenetic point of view, the situation is 
completely different because one is then con- 
cerned with the formation or the develop- 
ment of knowledge, and it is essential to 
consider the roles of objects or of the activi- 
ties of the subject, those issues which neces- 
sarily raise all the epistemological problems 
In fact, those who attribute the formation 
of knowledge exclusively to expenence, m 
the sense of physical experience, and those 
who mtioduce the activities of the subject m 
the sense of necessary organization will orient 
towaid diffeient epistemologies To distin- 
guish, as we have done (f 21), between two 
types of experience — one physical with ab- 
straction beginning from objects and the 
other logicomathematical with reflective ab- 
straction — is to make a psychological analysis, 
but one whose epistemological consequences 
are clear 

There are authors who fail to appreciate 
the interconnections between genetic psychol- 
ogy and epistemology, but this only indicates 
that they are choosing one epistemology 
among other possible ones, and that they 
beheve their own epistemology is evident 
For example, when Bruner tries to explain 
conservations by means of identities and 
symbolization based upon language and 
imagery, believing himself able to avoid 
opei ations and all epistemology, he is actually 
takmg the point of view of empirical epistem- 
ology At the same time he invokes an opera- 
tion of identity without noticing that it im- 
plies others In giving conservations a more 
operational explanation, and in supposing 


that quantities call for a complex construc- 
tion and not simply a perceptual activity, 
we de facto remove ourselves from empiri- 
cism m the direction of a constructivism, 
which is anothei epistemology, moreovei, it 
is much closer to present biological trends, 
which underscore the necessity of construc- 
tive autoregulations 

If we turn now to the epistemological side, 
we discover that its trends also differ notice- 
ably, according to whether it adopts a static 
or a historical and genetical poult of view as 
is its natural internal tendency When epi- 
stemology simply asks itself what knowledge 
is m general, it believes itself able to make 
abstractions without recourse to psychology, 
because, m fact, when knowledge is achieved, 
the subject retires from the scene But, m 
reality, this is a great illusion, foi all epistem- 
ology, even when it tiies to bring down to 
a minimum the activities of the subject, 
makes implicit appeal to psychological in- 
terpretations For example, logical empiricism 
attempts to l educe physical knowledge to 
peiceptual states and logicomathematical 
knowledge to laws of an ideal language (with 
its syntax, its semantics, and its piagmatics, 
but without leference to transformational 
actions) Now, these are two highly conflict- 
ing hypotheses, first, because physical ex- 
penence rests on actions and not only on 
perceptions and always supposes a logico- 
mathematical framework diawn from the 
general coordination of actions (of such kind 
that the operationalism of Bndgman must be 
completed by that of Piaget! ) Second, logico- 
mathematical knowledge is not tautological 
but constitutes a structural organization 
drawn from reflective abstraction of the gen- 
eral coordination between our actions and 
oui opei ations 

But, most importantly, it is impossible that 
epistemology is static m point of view, be- 
cause all scientific knowledge is m perpetual 
evolution, including mathematics and logic 
itself [of which the constructivist aspect has 
become evident since the theorems of Godel 
have shown the impossibility of a theory to 
be self-sufficient (complete) — therefore, the 
necessity of always constructing "stronger” 
ones; fiom whence finally the inevitable 
limits of formalizationl] As Natoip said in 
1910 " science evolves continually The 
progression, the method is everything 
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a consequence, the fact of science can only 
be undei stood as fieri Only the fien is the 
fact All being (01 object) that science at- 
tempts to fix must again dissolve in the cur- 
rent of becoming It is m the fuithest lemoves 
of this becoming, and theie only, that one 
has the right to say. It is (fact) Theiefore, 
that which can and must be sought is f the 
law of this piocess’ ” (p 15) 

32 These uncon testable declaiations aie 
tantamount to stating the pnnciple of oui 
"'genetic epistemology,” that m oidei to le- 
solve the pioblem of what is knowledge (oi 
its diveisity of foims) it is necessaiy to foi mu- 
late it m the following terms How does 
knowledge glow? by what piocess does one 
pass fiom knowledge judged to be ultimately 
insufficient to knowledge judged to be better 
(considered fiom the point of view of sci- 
ence)? It is this that the pioponents of the 
histoncociitical method have well undei stood 
(see among otheis the works of Koyre and 
Kuhn) These ciitics , to undeistand the 
epistemological natiue of a notion oi a stiuc- 
ture, look to see first how they weie formed 
themselves 

If one takes a dynamic lathei than a static 
point of view, it is impossible to maintain 
the tiaditional baniers between epistemology 
and the psychogenesis of cognitive functions 
If epistemology is defined as the study of 
the fonnation of valid knowledge, it piesup- 
poses questions of validity, which aie de- 
pendent on logic and on paiticular sciences, 
but also questions of fact, foi the problem is 
not only formal but equally leal How, m 
reality , is science possible^ In fact, all episte- 
mology is therefoie obliged to invoke psycho- 
logical presuppositions, and this is true of 
logical positivism (perception and language) 
as well as of Plato (lemmiscence) or of 
Husserl (intuition, intentions, significations, 
etc ) The only question is to know if it is 
bettei to content oneself with a speculative 
psychology oi whether it is more useful to 
have recouise to a venfiable psychology! 

This is why, as all oui efforts lead to epis- 
temological conclusions (this was moreover 
their initial goal), we have founded an In- 
ternational Center for Genetic Epistemology, 
so that psychologists, logicians, cyberneticists, 
epistemologists, linguists, mathematicians, 
physicists, etc,, may collaboiate theie, de- 
pending on the pioblems being consideied 


This centei, which has already published 
22 volumes (and seveial otheis are m press), 
has theiefoie had as its goal, from the be- 
ginning, to study a certain number of episte- 
mological pioblems seeking to analyze ex- 
perimentally the psychological data necessary 
foi the othei aspects of the problem 

We have thus studied the interrelations of 
logical structiues fiom the double point of 
view of then psychological genesis and their 
foimal genealogy (with Gnze, Papert, 
Apostel, etc ) , which has permitted us to find 
a ceitam coveigence between the two meth- 
ods We have examined the pioblem with 
what the gieat logician Quine nomcally called 
the "dogma” of logical empiricism, that is to 
say, the absolute distinction between the 
analytic and the synthetic after having de- 
claied that all these authois, being occupied 
with that question, have had recourse to 
factual data, we have put them under expen- 
mental conti ol and have declared that nu- 
meious mtermedianes exist between these 
two soits of lelationships mcoirectly judged 
as meducible 

We have also studied the pioblems of the 
development of the notions of number, space, 
time, speed, function, identity, etc , and have 
been able to bung to all these questions new 
psychogenetic data, while completely remov- 
ing fiom their regard epistemological con- 
clusions, which aie as fax removed from the 
a prion as fiom the empirical, and suggesting 
a systematic constiuctivism With regard to 
empiricism, we have above all analyzed the 
conditions for an adequate interpretation of 
expei lence, and have added to this result 
what a mathematician-philosopher has sum- 
med up in these terms “Empirical study of 
experience refutes empiricism I” We have seen 
previously (1 14) several of our studies on 
the role of learning 

In a word, the psychological theoiy of the 
development of cognitive functions seems to 
us to establish a direct, and even quite inti- 
mate, xelationship between the biological no- 
tions of mtei actions between endogenous fac- 
tors and the environment, and epistemologi- 
cal notions of necessary interaction between 
the subject and the objects The synthesis of 
the notions of structure and of genesis that 
determines psychogenetic study finds its 
justification m the biological ideas of auto- 
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regulation and organization, and touches on 
an epistemological constructivism which 
seems to be in line with all contemporary 


scientific work, m particular, with that which 
concerns the agreement between logicomathe- 
matical constructions and physical experience 
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10. Werner’s Comparative Organismic Theory 1 


JONAS LANGER 


The central theoretical issue is dialectical 
how does a developing organism change 
qualitatively and at the same time preserve 
its integrity? It is important to keep this 
dialectical formulation 2 well m mind because 

1 As a student of Werner, I naturally find it al- 
most impossible to differentiate precisely between 
Werner’s views and those I have come to hold 
Moreover, it is impossible to mark off where 
Werner’s contributions end and those of his 
colleagues and students at Clark University be- 
gin, particularly the contributions of Bernard 
Kaplan and Seymour Wapner 

Since the theory is a comprehensive one and 
the theoretical issues involved m this discus- 
sion are complex, the reader may find it helpful 
to have an outline of the sequence of topics 

1 Orthogenesis 

2 Organismic Analysis 

3 Comparative Analysis 

4 Interaction 

4 1 Schemes and Schematizing Activity 
4 2 Progressive Constructivism 

4 3 Egocentrism to Perspectivism 

5 The direction of Mental Development 

5 I Formal Dimensional Coordinates 

5 2 Mental Level 

6 Compafative Mental Development 

6 1 Precursory Acts 

611 Presentational Symbols 

612 Thmgs-of-Action 
6 2 Transitional Acts 

6 21 Protosymbols 
6 2 2 Perceptual Intuitions 
6 3 Contemplative Acts 
6 31 Symbols 
6 3 2 Concepts 

7 Concludmg Remarks 

2 Dialectical is being used m the Hegelian sense 
that development is the synthesis of antitheses, 
here, transformation and conservation 


the term “development” itself has tended to 
focus theoretical and empirical attention upon 
one pole of the dialectical process — the na- 
tuie of adaptive change — at the expense of 
considering the other — the nature of organi- 
zational stability A theoretical synthesis of 
both is necessary to the comprehensive de- 
velopmental understanding of the integrity 
that marks a whole organism while it is 
altenng through an ordered sequence of 
change 

Any narrowing of the developmental con- 
ception to the investigation of change alone 
must be distorting It may lead to the mis- 
conception that development is the kind of 
anarchism where totally unrelated and rad- 
ically discontinuous stages follow each other 
in sequence, or it may lead to the kind of 
historicism where new or modified behaviors 
are merely added on in continuous temporal 
order as the organism grows The anarchic 
perspective misses the functional and struc- 
tural integrity of oiganismic development 
It may mistakenly imply organizational dis- 
sociation between different periods of life 
Historicism assumes a continuous, ongoing 
organism Consequently, it does not ade^ 
quately examine how the current organization 
influences the development of subsequent 
new behavior patterns or the modification of 
old behavior patterns As such, historicism 
fails to inquire into whether and how the on- 
going organization is altered as a consequence 
of such acquisition or modification 

The dialectical nature of development also 
has implications for the persistent question 
of why does an organism that is well adapted 
at one stage ever progress to the next stage 
Insofar as development is a dialectical pro- 
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cess and the question of motive is legitimate 
m this context it should apply to organiza- 
tional stability as well as change Motiva- 
tional questions about progress seem to have 
two related sources The first is a geneiahza- 
tion from empmcal woik on the motivation 
for the local or short-term acquisition and 
modification of a delimited peiformance 01 
behavior pattein Many investigatois believe 
it to be legitimate to ask questions of motive, 
like what is the drive, instinct, lewaid, and/ 
or reason for a given behavioi (cf Peters, 
1958) The second source of motivational 
questions seems more theoietical It is the 
view that development is nothing but the 
continuous, giadual, quantitative acquisition 
and slight modification of small bits of behav- 
ior ovei time (eg, Bijou and Baei, 1961, 
Staats, 1968) Taken togethei these two ideas 
suggest that each bit of behavioi acquisition 
and modification must be motivated and 
theiefore the accumulation of bits over time, 
called behavioral giowth, must be motivated 
However, functional questions of motivation 
are misdirected when the process undei con- 
sideration is long-term psychological develop- 
ment Then motivational questions as to why 
a new stage develops when the oiganism is 
already adapted at one level axe no more ap- 
piopnate here than to the lest of evolutionary 
biology It makes as little scientific sense to 
ask what motivates the development of a 
new stage of cognitive oigamzation as, foi 
example, to ask what motivates the evolution 
of a new species or what motivates the evolu- 
tion of matuie respuatory structuies m hu- 
mans 

The dialectical formulation of long-teim 
change suggests that development is com- 
posed of a sequence of umveisal stages of 
organization, that is, structures and functions 
Each stage of organization is simultaneously 
directed toward maintaining continuity or 
stability and geneiatmg discontinuity oi 
transformation The fundamental thesis is that 
evolution is a synthetic process that intei - 
weaves two antithetical oigamsmic tenden- 
cies to maintain continuity in ordei to 
conserve ones integrity (survival and organ- 
izational coherence) and to elaboiate discon- 
tinuity m order to develop (Langei, 1969, 
p &9) 


There is, on one hand, the tendency of 
orgamsms to conserve then mtegiity, whether 
biological or psychological m the face of 
variable and often adveise, external oi mtei- 
nal conditions, the oigamsm tends to main- 
tain its existence as an mtegiated entity 
There is, on the other hand, the tendency of 
organisms to develop towaids a relatively 
matuie state undei the widest range of con- 
ditions, oiganisms undergo transformation 
fiom the status of lelatively little differen- 
tiated entities to lelatively differentiated and 
mtegiated adult forms (Werner and Kaplan, 
1963, p 5) 

ORTHOGENESIS 

In order to chaiacterize these two dialec- 
tical but concuizent tendencies within the 
glowing organism, Wemei (1948) adapted 
the embiyogenetic pimicple of oithogenesis 
and applied it to mental development 3 The 
orthogenetic punciple asserts that develop- 
ment is a process of increasing diffeientiation 
and specification of the oigamsm’s relatively 
global organization, coupled with a process of 
piogressive centialization and hiei archie m- 
tegiation of the moie individuated systems so 
that progiessive equilibiium is achieved 

Piogiessive differentiation and specification 
of the oigamzation of rudimentary action sys- 
tems, such as sensory and motoi systems, is 
one major side to development Functionally, 
primitive systems may be fused with each 
otheis so that they have no flexible operative 
lelationship to each othei but lathei opeiate 
m a rigidly fixed oi fluctuating fashion Dif- 
feientiation leads to piogiessively disci ete yet 
internally mtegiated means of action and in- 
tended ends that function m a flexible and 

3 In a recent work (Langer, 1969, Chap 4) I 
have attempted to show that Werner's and Pia- 
get's conceptions have, common major theoretical 
and empmcal features that make up much of the 
contemporary organismic approach to develop- 
ment The present chapter will not, however, 
refer to Piaget's relevant work because it is 
presented by Piaget himself m this book Rather, 
this chapter will refer extensively to Cassirer's 
philosophy of symbolic forms because his con- 
tributions to the study of genetic epistemology 
have made a major and direct impact upon 
comparative organismic theory 
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stable fashion in. relationship to each othei 
Structurally, primitive systems have no def- 
inite boundanes but aie diffuse m both in- 
ternal chaiactei and external lelationship to 
each othei Diffeientiation leads to piogres- 
sive individuation into definite and well artic- 
ulated pait systems that are coherently ie- 
lated to each other 

Progiessive hierarchic mtegiation is the 
leciprocal of piogiessive diffeientiation and 
the othei major side to development The most 
advanced (diffeientiated, specialized, and 
internally integrated) systems functionally 
regulate and stiuctuially suboidinate less de- 
veloped systems The long-iange, develop- 
mental lesult of concomitant diffeientiation 
and hieiaichic integration is the progiessive 
constiuction of a holistic oiganization wheie 
the most cential and advanced action sys- 
tems regulate the more pnmitive systems 

The dialectical tension between the ten- 
dencies to change and to pieseive stability is 
expressed m thiee theoietical ideas that aie 
central to the oithogenetie conception of de- 
velopment (Weiner, 1957) 

1 Discontinuity Diffeientiation is a pioc- 
ess of altering a relatively global organization 
mto a moie individuated whole 

2 Continuity Hierarchic in tegi a tion seives 
to maintain the organism's mtegnty m the 
face of change ovei time As a consequence, 
some foims of the organism's stuictuies and 
functions are pieserved by being subsumed 
by the more individuated systems that have 
developed, not all primitive systems aie lost 
or altered m the course of developing compe- 
tence 

3 Sijnthesis of these two antithetical ten- 
dencies, The organization of a new stage is 
a reorganization of the pievious stage that 
combines both continuity and discontinuity 
The total pattern is alteied but still continu- 
ous with the previous pattern (a) new 
structuies and functions aie dominant and 
hieraichically integrate or control othei s, (b) 
differentiation leads to specialization and 
newly individuated systems, and (c) primi- 
tive systems that are preserved opeiate dif- 
fer ently due to increased centralization and 
their regulation by more differentiated and 
integrated systems (cf, Langer, I960, pp. 
172-177) 


Sevei al stiategic ideas about reseaich flow 
from the orthogenetic principle To begin to 
study development requnes an initial con- 
ception, howevei tentative, of the ideal end 
state oi most mature oiganization that the 
organism may achieve m the course of its life 
The leason for this is that developmental 
change is not an unlawful flux but rather 
dnected alteration To study and understand 
processes of mental development requires 
inquny into its epistemological goal (cf , Cas- 
sirer , 1957) A comprehensive explanation of 
developmental piocesses will theiefoie lequne 
a coheient view of final detei mination , that is, 
a well established conception of the mental 
end state towaid which development is di- 
lected and which lends significance to the 
piocesses of change A complementary stiat- 
egy is to inquire into the oiganization that 
constitutes the ongmal mental state of the 
oigamsm and the source oi material cause of 
all fuithei development (cf Weinei, 1948) 
This means detei mining the self-iegulatory 
rules of coherence and the self-genei ative rules 
of adaptation that are inherent to the organ- 
ism's ongmal functional structures since these 
are the mheient rules of developmental 
transformation and constiuction Fuither- 
moie, detei mining the nature of development 
( conservation and change) lequnes compan- 
son of the transformed psychological state 
with its foundation Finally, determining the 
form of oiganization that constitutes the oug- 
mal and most advanced mental stages of de- 
velopment piovides the basis foi both deter- 
mining the foim of the tiansztional stages and 
detei mining the organism-environment inter- 
actions that logically imply the transfoimative 
constiuction fiom stage to stage (cf Langei, 
1969) 

Two majoi types of theoietical analysis 
flow fiom the oithogenetie foimulation of the 
dialectical piocess of development. First, the 
oithogenetie conception of functional and 
structuial development leads to an organ- 
lsmic analysis In addition, the geneiality of 
the orthogenetic conception leads to a com- 
parative analysis of psychological phenomena 
in the diverse contexts m which development 
may take place (Kaplan, 1966) It is to a 
consideration of these two types of analysis 
that the next two sections aie addressed 
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ORGANISMIC ANALYSIS 

We may now return to the functional 
question of what causes an organism that is 
well-adapted at one stage of organization to 
change Insofar as a functionally equilibrated 
state of adaptation has been achieved it pro- 
vides the basis for coherent stability even at 
a stage of primitive organization (cf Gold- 
stem, 1939) When the organism's primitive 
instruments 01 means determine and satisfy 
the problems or ends dealt with, the organ- 
ism is in a balanced, albeit primitive state of 
adaptation In complementary fashion, when 
the organism's primitive adaptive ends deter- 
mine the instruments or means that are re- 
quired, then the organism's rudimentaiy sys- 
tems of action are adequate and the organism 
is also m a balanced state Both means-ends 
relationships imply coherent organizational 
stability and do not provide the functional 
conditions that would geneiate directed 
change 

The probability is exceedingly small that a 
living organism is in perfect and total func- 
tional equilibrium Indeed, 

when one examines the developmental 
changes m means-ends relationships one 
observes the effects that newly emerging 
goals or ends have on the formation and re- 
structunzation of biopsychological equipment 
and the effects which m turn such newly 
formed equipment has m the determination 
of biopsychological ends (Werner and Kaplan, 
1963, p 7), 

In particular, it is to be expected that the 
organism's primitive means and ends, such as 
its sensorimotor means and ends, are rarely 
equilibrated perfectly 

stability of behavior requires a flexibil- 
ity of response m order to preserve the func- 
tional equilibrium of the oigamsm in the face 
of mutable situations (Werner, 1948, p 55) 

But flexibility is not a characteristic of primi- 
tive systems of action This suggests that 
primitive means and ends are never com- 
pletely sufficient (adequate) or satisfying 
(adaptive) This is the functional disequilib- 
rium that is necessary for means-ends re- 
organization, 


wherever functional shifts occur during 
development, the novel function is first exe- 
cuted through old, available forms, sooner or 
later, of course, there is a pressure towards 
the development of new forms which are of a 
more function-specific character, l e , that will 
serve the new function better than the older 
forms (Wemei and Kaplan, 1963, p 60) 

Or a previously subordinate functional system 
acquires regulative control 

a reorganization of piocesses conditioned 
either by the mtroduction of a new function, 
or by a change of dominance of function m 
a given process-pattern (Werner, 1937, p 
353) 

When the oigamsm develops, the more 
primitive systems are not necessarily lost but 
become relatively less important and salient m 
the more advanced functioning of the organ- 
ism They are used less and their efficiency 
may deteriorate as more sophisticated sys- 
tems become more dominant m the organ- 
ism's life 

lower levels of functioning (both in 
terms of means and of ends) are suboidmated 
to more advanced levels of functioning, they 
may come to the fore again under special 
internal or external conditions, for example, 
m dream states, m pathological states, under 
intoxication by certain drugs, or under vari- 
ous experimental conditions They also, and 
characteristically, may come to the fore when 
the organism is confronted with especially 
difficult and novel tasks m such cases one 
often finds a partial return to more primitive 
modes of functioning before piogiessmg to- 
wards full-fledged higher operations, we may 
refer to this tendency as a manifestation of 
the genetic principle of spirality , (Wemer 
and Kaplan, 1963, p 8) 

Spiral development means that 

The organism at times seems to retreat 
from a locus of maturity which it has already 
attained, Temporarily such a retreat may look 
like an abandonment It would be abandon- 
ment if it continued on one tangent The 
course of development, however, being spiral, 
turns back toward the point of departure, 



WERNER’S COMPARATIVE ORGANISMIC THEORY 737 


and it does not letuin piecisely to this point 
It returns to the same region but at a higher 
level The neuiological result is an interwoven 
texture which expresses itself m progiessive 
patterns of behavior The unity of the ground 
plan of the organism is preserved It is a 
process of remeorpoiation and consolidation 
( Gesell, 1946, p 317) 

The genetic principle of spirality assumes 
that analogous functioning is one of the most 
general laws of development Functional anal- 
ogy between stages and systems of action 
implies that more primitive stages and sys- 
tems are the primary souices or precursois of 
more advanced stages It is cleai that Wei- 
ners conception of functionally analogous 
processes is that of a fundamental law of devel- 
opment which informs the theoretical and 
empirical search foi stages This has been 
worked out m the greatest detail by Weinei 
(1948) foi the piocesses of relating, gioup- 
mg, abstracting, geneializmg, and represent- 
ing, which make up concept formation 

There are, for example, three genetically 
parallel levels of establishing relations that 
involve analogous processes Primitive, con- 
crete “relating” is sensorimotor m form 
Bnghtness transposition m chickens is a good 
example of the abihtv to establish senson- 
motor relations 

When two aieas of grey are united in a 
brightness configuration and acquire different 
functional values (+ and — )with respect to 
the food-seeking activity, we may safely as- 
sume that the animal has constructed a lela- 
tionship on a senson-motor level (Wernei, 
1948, p 217) 

According to Werner, one of Koehler s expen- 
ments with apes is a particulaily apt dem- 
onstration of the concrete relations that can 
be constructed by sensorimotor activity In 
order to rake m a distant object, a chimpanzee 
was provided with two bamboo rods, neithei 
of which was long enough to get the desned 
object The diameter of one rod A is smaller 
than that of B and can be fitted into B to 
make a long enough rod If rod A must be 
pushed into B and B must be held steady so 
that A will fit m, then A is the active and B 
the passive rod After having solved this 
problem through sensorimotor manipulations, 


rod A was taken away and replaced with a 
third rod C whose diameter is largei than B 
This requires that the chimpanzee act on the 
basis of (1) the relationship between (and 
not the absolute) sizes and (2) the relation- 
ship between (and not the absolute) active 
and passive elements Upon sensonmotoi 
inspection of the rods the chimpanzee solves 
the problem immediately 

“Relating” as a predominantly perceptual 
activity may proceed from simple to more 
complex levels In one experiment (Wernei, 
1948, p 220) childien were presented with 
a caid on which is presented four lines of 
a given size proportion The task is to select 
other caids that show four lines with the 
same size pioportion Children can perform 
the task at a youngei age if the lines are pre- 
sented as a definite figure (see A) lather 
than as separate parts (see B) 


(A) 


(B) 

Constructing relations at the most ad- 
vanced level involves the formation of ex- 
plicit abstract lules Most often these lules 
are expiessed linguistically, although they 
may involve even maie abstract logical and 
mathematical foi ms This would be the case 
if the preceding pioblem of relating lines 
were expressed and solved on the basis of a 
rule articulating the metric relations It is 
Werners central genetic hypothesis that even 
the construction of such abstract relations 
develops out of — and is a transformation of — 
concrete perceptual relations, 

, two separate phases are often observ- 
able m the thought processes of companson 
The first is the formation of a perceptual re- 
lationship — the relation between two parts is 
grasped m a certain configuration The sec- 
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ond is the derivative abstract form of the 
relationship as expressed m a verbally con- 
stituted judgment (Wemei, 1948, pp 221- 
222 ) 

The dialectical thesis serves to lemind us 
of the oigamsm’s stable oigamzation and theie- 
foie the central importance of structural 
considerations m the undei standing of devel- 
opment The assumption is that even m then 
initial infantile states, all organisms aie organ- 
ized and have some degree of competence 
This organization provides the basis for act- 
ing Its functional structures determine the 
range of conduct available to the organism 
and consequently the types of interaction 
with its environment that are open to it It is 
obvious, foi example, that a verbal environ- 
ment cannot stimulate a verbal lesponse from 
a newborn baby The range of conduct and 
interactions therefoie progress as the oigam- 
zation develops 

Now the organism’s oigamzation is com- 
posed of many paits or systems, such as those 
for locomotion, vision, and thinking, which 
have different chaiactenstics When these parts 
are m stiuctural equilibrium, both within 
and between parts, they foim a coheient 
whole and change will not occur (cf von 
Bertalanffy, 1933) But the probability of 
total structuial (part-whole) equilibrium may 
be assumed to be just as small as the prob- 
ability of perfect functional (means-ends) 
equilibrium Consequently, stiuctural change 
is always expected 

Wheiever there is life theie is giowth and 
development, that is, foimation m terms of 
svstematic, orderlv sequence (Werner, 1948, 
P 55) 

In particular, it is to be expected that the 
organism’s primitive structures are rarely 
equilibrated perfectly For example, the 
young infant cannot reach for objects he is 
looking at and desires to grasp More inte- 
grated structures are required for this coor- 
dination This is the type of adaptive dis- 
equilibrium that is necessary for pait-whole 
reorganization (cf Langer, 1969a) Eventu- 
ally, more integrated structures develop, such 
as those requisite for efficient hand-eve co- 
ordination 


COMPARATIVE ANALYSIS 

Much of the richness of the orthogenetic 
appioach is provided by the comparative 
analysis of evolutionary change, whether 
found within a line oi direction of develop- 
ment or between lines of development That 
is, comparison may be within species evolu- 
tion (phylogenesis), long-term individual de- 
velopment (ontogenesis), short-term individ- 
ual development (microgenesis), societal 
development ( ethnogenesis ) , and psycho- 
pathological development (pathogenesis) 
Comparison may also be made between do- 
mains 

the psychology of the individual and 
of the human race, animal and child psychol- 
ogy? psychopathology and the psychology of 
special states of consciousness — all these can 
be approached from the genetic standpoint 
The final proceduie of a comparative devel- 
opmental psychology is to compare the re- 
sults gained from work done m the special- 
ized fields, and from the comparison to derive 
developmental laws generally applicable to 
mental life as a whole (Werner, 1948, p 5) 

Two eaily developmental conceptions, 
those of Hobhouse and J M Baldwin, were 
especially significant in the formulation of 
the comparative approach Hobhouse’s 
(1901) comparative focus was upon the 
phylogeny and ontogeny of mental activity 
He delineated six means of acting that be- 
come progressively available within phylo- 
genesis The first and most primitive is the 
reflex or blind, mechanical reaction of a pre- 
formed structure to a sensory stimulus The 
next three means of acting that evolve be- 
yond reflexes become increasingly dependent 
upon interactive experience The second means 
of action is trial and error It permits the or- 
ganism to call upon a variety of reactions 
when an obstacle is met, until the situation 
is changed or the oigamsm is unable to master 
it As a consequence, for example, a para- 
mecium may learn habitual modes of re- 
sponse The third means, that of assimilation , 
is the adjustment of the organism’s action to 
suit its needs such that modification of be- 
havior is possible in the future, Here Hob- 
house refers to Lloyd Morgan’s experiment in 
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which chicks learned to discriminate between 
bitter and agreeable food so that they no 
longer pecked at the bitter food The highest 
means of acting that is directly dependent 
upon experience is practical judgment Dif- 
ferent objects may be related m concrete 
experience or judgment, such as a chimpan- 
zee's use of a stick as a tool with which to 
obtain a banana that is out of reach The 
fifth means is conceptual thought, this means 
of acting is not dependent directly upon ex- 
penence It is a means of expressing explicit 
lelations which is free from perception It is the 
way m which knowledge, tradition, and cul- 
ture aie learned and used The most advanced 
means of mental activity that evolves m phy- 
logenesis is analysis by logical operations, 
which involves rational, logicomathematical 
systems 

These six means of activity characterize the 
direction of mental development within both 
phylogenesis and human ontogenesis Hob- 
house made it clear, however, that there were 
differences between phylogeny and ontogeny 
The development of these six means of acting 
is obviously not a characteristic of the ontog- 
eny of all species The two most advanced 
means, conceptual thought and logical anal- 
ysis, only evolve m human ontogenesis 

Baldwins (1915) comparative focus was 
upon the relationship between the evolution 
of mental life m human ontogenesis and eth- 
nogenesis lather than phylogenesis This led 
him to establish the discipline he called 
genetic epistemology or how "thought 01 ex- 
perience makes to lendbr reality" by com- 
paring the progressive "stages of thought” 
that evolve in ontogenesis and ethnogenesis 
so as to construct "a natural history of inter- 
pretation itself” Although Baldwin aigued 
that there is parallel "movement in the in- 
ternal oiganization of thought and values” 
between human ontogeny and ethnogenesis, 
he maintained that it is ontogenesis that gives 
ethnogenesis "its vital impulse and its pro- 
gressive uplift/ " 

Baldwin divides human ontogenesis into 
three progressive stages of interpretation The 
first is the prelogical stage where the child's 
mode of action is "intuitive” and "quasi-dis- 
cursive” or quasi-hnguistic The child makes 
no distinction between the subjective and ob- 
jective factors in his experience He accepts 


"the reality of the datum” of experience 
Thus knowledge m the prelogical period is 
pragmatic and presentational "a meaning of 
immediate presence and intuition ” The inter- 
pretative mode of action at the next, the 
logical , stage is "discuisive” or linguistic Im- 
aginative, esthetic schemes are used to unite 
thought (mediated mterpietation of reality) 
with "the singular and the immediate ” The 
persons imagination projects "its schematic 
and tentative readings” upon the environ- 
ment These imaginative projections have 
"the character of assumption, proposal hy- 
pothesis ” Therefoie all imaginative interpre- 
tations "have the force of possibility and 
probability” such that "leahty is embodied m 
all sorts of ‘as if' construction ” But the person 
now begins to use verification procedures in 
order to assess the validity of his imaginative 
assumptions This leads to the logical proc- 
esses of judgment, reasoning, and implication 
that determine "what is to be accepted as 
real” At the highest, hyperlogical stage of 
ontogenesis "Consciousness achieves a freeing 
from logic as before she worked to secuie the 
freeing of logic” Now the interpretative 
mode of action becomes esthetic contempla- 
tion which "erects into postulates its ends, 
values, and goods ” 

Baldwin hypothesized that the ontogeny of 
subjective (individual) intei pretatiomsm is 
paralleled by the piogressive construction in 
ethnogenesis of objective (societal) embod- 
iments of interpretation “m laws, rites, cus- 
toms, sanctions ” He theiefore proposed three 
stages of cultural evolution that parallel the 
ontogenetic stages of intei pi eta tion At the 
prelogical stage, the group's interpretative 
mode of action is mystical and takes mythical 
and religious forms At the logical stage the 
mode of action is speculative, taking scientific 
and cntical forms The interpretative mode of 
action is tiansformed into "aesthetic contem- 
plation” at the hyperlogical stage and takes the 
form of advanced philosophical theory 

Although important m then own right, 
Hobhouse’s and Baldwin's comparative for- 
mulations do not fully meet the criteria for a 
formal theory of development, namely, that 
the assessment of change should not be 
bound temporally or in content, output, and 
value (see the section on The Direction of 
Mental Development) Werner's formulation 
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of formal coordinates provides the kind of 
theoretical dimensions that are requned m 
order to make a purely formal comparative 
analysis within and between directions of 
evolution Also, Werner extended the com- 
paiative analysis to include pathogenesis and 
microgenesis as well as phylogenesis, ontog- 
enesis, and ethnogenesis 

Consider first an aspect of peiceptual de- 
velopment The comparative coordinates per- 
mit a purely formal analysis of the genetic 
level of peiception and its change within and 
between ontogenesis, pathogenesis, and mi- 
ciogenesis To this end a number of studies, 
summauzed by Weinei (1957), have inves- 
tigated form perception on the Roischach 
test If we late undiffeientiated, diffuse, and 
amoiphous percepts as developmentally low 
while we late diffeientiated, aiticulated, and 
well-mtegiated percepts as developmentally 
high, then the findings may be outlined as 
follows 

1 Ontogenesis Theie is a significant and 
continuous shift fiom low to relatively ad- 
vanced responses fiom the age of 3 to 10 
years 

2 Pathogenesis Four groups were tested 
Then status was oidered m terms of pathol- 
ogy from the most severe regiessives (hebe- 
phrenic and catatonic schizophrenics) to 
paranoid schizophrenics to psychoneurotics to 
normal adults Again there is a clear progies- 
sion from low to high responses, with the per- 
cepts of the hebephienic and catatonic 
schizophrenics paralleling those of the 3- to 
5-year-olds and the peicepts of the psycho- 
neurotics being intermediate between the 10- 
year-olds and normal adults 

3 Microgenesis (a) Rorschach cards weie 
piesented for 0 01 second, 0 1 second, 1 
second, and 10 seconds to four independent 
groups of normal adult subjects, respectively 
There is a clear progiession from low to high 
percepts ( b ) The same exposure times were 
used with four independent groups of hebe- 
phrenic and catatonic schizophrenics Their 
responses weie not very diffeient fiom the 
normal adults at the 0 01 second exposure 
time But unlike the normals then lesponses 
evidenced no miciogenetic progress 

Now consider an aspect of the comparative 
development of concepts, specifically that of 
time concepts One geneial hypothesis is that 


all primitive time cognition is egocentiically 
tied to the concrete, affective, and pragmatic 
aspects of the subjects conduct — it has the 
“conciete and affective character-of-action ” 
One of the examples that Werner (1968) 
presents from ethnogenesis is that of the sys- 
tem of dividing up the day constructed by 
Uganda tribesmen who raise cattle Then 
temporal scheme is based upon, and consists 
of, the older of the day's work events, such 
as milking time, watering time, and home 
coming time foi the cattle Pnmitive onto- 
genetic and pathogenetic cognition of time is 
also based upon a fusion of concrete acts and 
affective desne One of the ontogenetic ex- 
amples cited by Wemei is that of a 6-yeai- 
old boy who pointed to different parts of the 
sky, saying “That's wheie the day comes out, 
and theie, farthei along, is the night, and 
nght up at the top is Christmas day” Some 
of the pathogenetic examples that Wernei 
analyzed follow 

Time, says one schizophrenic, falls together 
like a pack of cards Another schizophrenic's 
experience of time during his quiet phase dif- 
fered from his temporal experience during 
the phase of terrible anxiety In the calm 
phase time moved on with great rapidity, ten 
months were as one In the anxious phase, on 
the contrary, events hung motionless m a 
temporal vacuum (Wemer, 1948, p 190) 

Head describes aphasiacs who, following a 
loss of the abstract schema, employed a con- 
crete time-of-action For instance, one pa- 
tient had a concrete qualitative time scale 
made up of dominant movements m the suc- 
cession of daily events ‘Then, when you 
eat ” “Then, when we arrive there,” etc 
(Weiner, 1948, p 190) 

So far this comparative analysis of per- 
ceptual and conceptual development, as well 
as Hobhouse's and Baldwin's comparative 
analyses, focused upon the paiallels within 
and between evolutionary domains A thor- 
ough comparative analysis cannot affoid to 
neglect the ciucial diffeienees, however 

Foi all practical purposes one may speak of 
a pi maple of parallelism development m men- 
tal life follows certain general and formal 
rules whethei it concerns the individual or 
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the species Such a principle implies that, 
apart from general and formed similarities, 
there do exist specific material differences in 
the comparable phenomena (Werner, 1948, 

p 26) 

These parallels must be taken as such, as 
merely indicating a similar mental structure 
m a general and purely formal sense In a 
particular and material sense, there will be 
irreconcilable differences (Werner, 1948, p 
26) 

While it is obvious that there are particular 
content differences m comparable mental 
achievements, it seems equally cleai that there 
must also be general formal differences in the 
social and psychological processes that undei- 
lie such achievements Indeed, Wemei (1948), 
for example, details three basic differences 
between comparable primitive stages of on- 
togenesis and ethnogenesis Fust, the young 
child is growing and his whole mental life is 
in the process of change Adults m prehterate 
societies are fully developed and their mental 
life is relatively “fixed m tradition ” Second, 
the child develops “out of his child’s world 
into an alien world of adults ” What he be- 
comes is therefore greatly “the result of an 
interaction between these two worlds ” By 
contrast the psychological world and status of 
an adult in a preliterate society is fairly pei- 
manent Third, the child’s “social pattern” of 
functioning is not well organized and formed 
while the social pattern of the adult m a 
preliterate society is well established These 
fundamental differences do not negate the 
possibility of formal similarities and genetic 
parallels But they also do not merely reflect 
trivial variations m the particular content of 
formally similar mental phenomena Rather, 
there are also general formal differences m 
the organization of mental life at comparable 
primitive stages of ontogenesis and ethno- 
genesis 

INTERACTION 

The orgamsmic and comparative analyses 
suggest that all organisms are bom with a 
minimal set of species-specific functional 
structures which permit them to interact with 
the environment m order to incorporate ex- 
perience and stimulation, otherwise they 


would not develop This is the basis for the 
root orgamsmic metaphor of interaction (Pep- 
per, 1942) The organism actively takes in 
and digests environmental properties The 
consequences are physiological and/or psy- 
chological development It is obvious that 
physiological structures can only assimilate 
those environmental properties foi which it 
has appiopnate physiological organs Similaily, 
psychological structures can only assimilate 
that expenence and information for which it 
has appropriate mental systems Thus it is the 
oiganism’s oigamzation that selectively deter- 
mines the chaiacter of its interaction and the 
significance of its experiences These experi- 
ences, in turn, feed back upon the functional 
stiuctuies which were the oiginal souice of 
the interaction In ways that are still little 
understood, such feedback eventually leads to 
the qualitative alteration of the organization 
of one stage into the next moie advanced 
stage 

This is the material cause of development 
the organization of piecedmg stages logically 
implies but does not contain the organization 
of subsequent stages Since the organization 
at each stage is different from that of othei 
stages, the organism’s interactions with its 
environment change in the course of life 
When these interactions are not disruptive, 
the conditions are piopitious for the organism 
to remain in equilibrium and its organization 
will lemam stable When the feedback from 
these interactions perturb the organism, then 
the disequihbrating conditions necessary foi 
change are present and the piobability of 
functional and stiuctuial leoiganization in- 
creases (Langer, 1969a) 

The key to the process of development 
(stability and change) is interaction The en- 
vironment is the scene or object of the or- 
ganism's actions and development while the 
organism is the actor or the subject m this 
scene Consequently, the organism is not 
merely a reactor to the environment, but an 
opeiator upon its Umwelt or scene (von 
Uexkull, 1934) The analysis of development 
therefore requires investigating the lawful 
changes in actor-scene ratios (cf Burke, 
1945) or subject-object relations (Werner, 
1948) that occur in progressive or regressive 
evolution 

At this point we need to introduce a fur- 
ther distinction This is the difference be- 
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tween the form and the content of acts and 
their products — mental experiences, achieve- 
ments, and development The interaction that 
results m the peison s acts and their products 
is, of course, a composition of organismic and 
environmental factors The lole of the orga- 
nism’s functional structures is mediated by 
its schemes of interacting (cf Langer, 1969) 
These functional structures determine the 
form of schematizing activity and conse- 
quently the form of interaction with the en- 
vironment Schematizing progiessively con- 
structs the forms of the organism’s products 
including its own development The content 
of the organism’s interaction is more dnectly 
the result of the physical and social envnon- 
ment The role of the envnonment’s func- 
tional structures is mediated by patterns of 
stimulation Stimulation provides much of the 
content upon which the organism acts and, 
consequently, greatly determines the content 
of the organism’s achievements and develop- 
ment 

Schemes and Schematizing Activity 

The concept of the scheme or schema 4 and 
schematizing activity has become such a cen- 
tral idea in current theories of cognitive de- 
velopment that it would do well for us to dwell 
briefly upon its meaning In his Dictionary of 
Philosophy and Psychology , J M Baldwin 
notes that a schema is a product accoidmg to 
Kant It is a product of the transcendental 
imagination which through its exercise gives 
generahty to sense experience and particular- 
ity to thought conceptions A schema is also 
a mode of constructing or a formula foi syn- 
thesizing As a mode or a formula, it is a 
general rule that guides mental activity As 
embodied m a characteristic form, a scheme 
is the particular mental product of this rule 
of action For example, the schema of quan- 
tity is number and the schema of substance is 
permanence in time 

The more contemporary usage of schema 
was introduced by Head (1926) Head points 
out that Pick accepted Hughhng Jackson’s 

4 We cannot deal here, with the useful distinc- 
tion introduced by Piaget between an operative 
scheme (eg, conceptual conservation) and a 
figurative schema (eg, perceptual constancy), 
Rather, we are usmg the terms synonymously 
and in a fashion that corresponds more closely 
to Piaget’s use of scheme than schema, 


hypothesis that, intellectually, speech disor- 
ders are failures to produce propositional 
statements Pick made an analytic distinction 
between die construction of thought (the pre- 
liminary to any symbolic expression) and the 
formulation of speech (which undeilies the 
executive process of verbal production) Thus 
he distinguished between the psychological 
schemata that make up thought from the 
grammatical schemata or nil es for its forma- 
tion in words 

Head extended this usage of schema to the 
hypothesis of a geneial bodily “postural ap- 
preciation” or “dispositional system” of stan- 
dards “against which all subsequent changes 
m posture are measured before they appear 
m consciousness ” This schema or model is a 
constantly changing standard and record of 
the body’s movements in space. 

By means of perpetual alterations m posi- 
tion we are always building up unwittingly 
a model of ourselves, which is constantly 
changing Every new postuie or movement 
is registeied on this plastic schema and the 
activity of the cortex brings into i elation with 
it each fresh group of afferent impulses, 
evoked by a change in the position of the 
body (p 488) 

Thus Head’s concept of schema included 
both the process of “schema building” — of 
schematizing activity — and the product of 
this activity — the “schema built ” 

The mam point is that schemes have both 
functional and structural aspects Function- 
ally, schemes are self-constructive, these self- 
constructive poweis serve to oigamze one’s 
experience into peicepts and concepts Thus 
schemes are rules for the cognitive organiza- 
tion and satisfaction of interests, attitudes, 
and needs Structurally, schemes are the 
products or lepresentational forms of knowl- 
edge, attitudes, and needs, which are con- 
structed by their own active schematizing 
operations They aie the “stuff” of cognition 
(For further theoretical implications of the 
concept of schemes and schematizing activity 
see Langer, 1969, pp, 169-172 ) 

Progressive Constructivism 

Werner and Kaplan (1963) maintain that 
the course of development is marked by a 
ratio shift m interactive dominance from the 
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Table 1 Diagram of Developmental Transformations 


OrgSLnism-Umwelt Relationships 

Means-Ends Relationships 

I Tropistic-re- 
flex actions 

to 

Stimuli 

Biophysical and biochemical transmission 
culminating m stereotyped reaction pat- 
terns of parts of, oi whole, organism 

II Goal-directed 
sensorimotor 

action 

upon 

Signaled 

things 

Species-specific behaviors and individually 
learned patterns of response (“habits”), 
formation of signals (mammals), “nat- 
ural” tool usage (apes), all predomin- 
antly m the service of biological ends 

III Contempla- 
tive knowledge 

about 

Objects 

Construction of tools and formation of sym- 
bols in the service of knowing about and 
manipulating the environment 


scene to the actoi as they have outlined it 
in Table 1 At primitive stages of develop- 
ment the scene 01 psychological envnonment 
is the prime initiator of interaction Although 
the organism's functional structures determine 
the form of its conduct, it is still a relatively 
passive leaction to environmental stimulation 
Progressively, at more advanced stages of de- 
velopment, organisms become the prime ini- 
tiators of interaction as well as the detei- 
miners of the forms of their own conduct m 
the interaction In this sense, the actors be- 
havior has become relatively spontaneous, 
self-generated action upon the envnonment 
The organism becomes increasingly soveieign 
in initiating and determining the character of 
its own actions, and it increasingly molds or 
constructs even the content of the scenes to 
suit its own needs and goals 

An intei estmg symptom of the develop- 
mental shift m dominance m the actor-scene 
ratio is reflected m the ontogenesis from 
naive acceptance to critical appiaisal of 
events The stages of this development were 
first worked out by Brmd (and are reported 
by Brunswick, 1933) They have been essen- 
tially replicated (Schwartz and Langer, 1967, 
Langer, 1969a) with respect to the evalua- 
tion and handling of an impossible task The 
observed ontongenetic shift is from (1) an 
initial naive ciedulity and acceptance to (2) 
cnticalness and rejection to (3) a final crit- 
lcalness coupled with either an attempt to 
rectify the situation or with amusement 

Egocentrism to Perspectivism 

The developmental shift m dominance 
from the biophysical press of the scene to the 
constructive activity of the subject is marked 


by progressive differentiation of primitive 
egocentiic interactions Egocentric interac- 
tions are globally fused, that is, the organism 
does not discriminate between himself (his 
status as a subject, his acts, his expenences 
and his feelings) and the environment (its 
status as an object, its behavioi, and its stimu- 
lation) 

the young child's acceptance of dreams 
as external to himself, the lack of differentia- 
tion between what one dreams and what one 
sees, as is found m psychosis, or m some 
nonhterate societies, the breakdown of boun- 
daries of the self in mescaline intoxication 
and in states of depeisonalization — all of 
these betoken a relative condition of genetic 
primordiality * (Werner, 1957, p 127) 

Werner (1948) cites the case of a paranoid 
schizophrenic who is fearfully observing 
doors swinging back and forth This leads him 
to exclaim, “The door is devouring me 1 ” Wer- 
ner analyzes this behavior 

Affect has once more become a factor 
m the configuration of the surrounding world 
this occurs not m the sense that the world 
of things become invested with an especially 
stiong oveitone of emotion, but rather m the 
sense that affect actually forms the world 
itself The properties of things cease to 
be entirely objective, geometric, and “out 
there" Actually they acquire and express a 
much greater “depth" and inner significance 
(1948, p, 81) 

Differentiation of primitive interactions in 
progressive development is accompanied by 
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increasing integration of the actor with his 
scene 

Highei types of action are formally char- 
acterized by an interaction of personality with 
an outer discrete world, both polar elements 
being relatively self-subsistent (Wemei, 
1948, p 191) 

This means that the subject has relatively 
greater understanding of his environment 
and its influences on him and his effects on 
it It also means mcreasmg perspective on the 
part of the subject He can mcreasmgly sym- 
pathize with, empathize with, and adopt the 
peispectives of others as well as his own, and 
he can mcreasmgly integrate all these to form 
a coherent basis for his own conduct 

mcreasmg subject-object differentiation 
mvolves the corollary that the organism be- 
comes mcreasmgly less dominated by the 
immediate concrete situation, the person is 
less stimulus bound and less impelled by his 
own affective states A consequence of this 
freedom is the clearer understanding of goals, 
the possibility of employing substitutive 
means and alternative ends There is, hence, 
a gi eater capacity for delay and planned ac- 
tion The person is better able to exercise 
choice and willfully rearrange a situation In 
short, he can manipulate the environment 
rather than passively respond to the environ- 
ment At developmental^ higher levels, 
therefore, there is less of a tendency for the 
world to be interpreted solely m terms of one's 
own needs and an increasing appieciation of 
the needs of others and of gioup goals (Wer- 
ner, 1957, p 127) 

The findings of three sets of perceptual 
studies document the shift m actor-scene ratio 
from egocentrism to differentiated perspectiv- 
lsm The first set deals with the perception of 
self-object relations, the second with the per- 
ception of the self, and the thud with the 
perception of the scene 

The paradigm for experimental inquiry into 
self-object relations involves investigating the 
developing relation between perception of 
body and object positions (Wapner and 
Werner, 1965; Wapner, 1969) Subjects were 
placed m a tilted position in a dark room 
Then they were required to indicate where a 


luminescent rod must be placed m order to 
locate their own position (self) vis-a-vis that 
of the true vertical (object) The angular 
separation between apparent body and ap- 
parent object position is used as an index of 
their perceptual relation for the subjects 
There is a shift from perceiving body and 
vertical positions as relatively next to each 
other (from age 6 to 13) to seeing them as 
mcreasmgly separate (from age 13 to 18) 
These data may be interpreted as measuring 
aspects of the ontongenetic shift fiom global 
syncresis to analytic discreteness in self-object 
relations 

The paradigmatic comparative analysis of 
progiessive, arrested, and regressive shifts in 
self-peiception involves experiments on ap- 
parent body size (Wapner, 1964, Wapner 
and Werner, 1965) In one series of studies 
the focus was on appaient head size as in- 
dicated by subjects placing their index fingers 
on a rod m front of them while keeping their 
eyes closed The comparative findings may be 
summarized as follows 

1 There is an ontogenetic shift from great 
overestimation at 5 years to a relatively minor 
degree of overestimation by 18 years 

2 The natural ontogenetic articulation of 
the boundary between the self and the world 
may be simulated experimentally For exam- 
ple, if one side of the child's head is touched, 
then his size estimate of the articulated but not 
the untouched side diminishes 

3 Retaided children overestimate then- 
head size moie than normal children 

4 Schizophrenics overestimate their head 
size more than normal individual's of the 
same age 

5 Adults given LSD-25, a drug assumed 
to induce regiession, ovei estimate moie than 
adults given a placebo 

6 Increasing overestimation accompanies 
old age 

Togethei these particular data are consistent 
with the more general comparative hypoth- 
esis that there is a shift fiom diffuse self- 
perception at primitive stages to an articulate 
self-perspective at advanced stages of devel- 
opment 

Experimental inquiry into the develop- 
mental shifts in the status attributed to ob- 
jects m self-object interactions takes the 
following kind of form (Wapner, 1969) 
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Subjects are presented with a luminous X 
(two lines at right angles to each other) in 
a dark room They are seated in a chair that 
is tilted 45° to the right Consequently, when 
asked what algebraic sign the object is they 
can either respond that it is a plus or a mul- 
tiplication sign The hypothesis is that ego- 
centric perception will lead to the judgment 
that it is a plus sign because that is consonant 
with the subject’s own position of viewing the 
object On the other hand, a more perspec- 
tivistic outlook will tend to assess the object 
m terms of its context m the total field and 
relatively play down one’s own subjective 
orientation The ontogenetic findings from 
third-, fourth-, fifth-, and sixth-grade children 
confirm the hypothesis Third graders give the 
highest fiequency of “plus” responses and 
sixth graders the highest frequency of "multi- 
plication” sign responses 

In sum, these three findings indicate the 
progress m perceptual judgments of the self, 
the scene, and their relation m self-object in- 
teractions Primitive stages are dominated by 
egocentric constructions of the actor-scene 
ratio, whereas more advanced stages are 
marked by the construction of perspectivistic 
ratios that seek to take into account and in- 
tegrate multiple viewpoints 

THE DIRECTION OF MENTAL 
DEVELOPMENT 

Werner made many deep changes in his 
theory of mental development over the 40- 
year span of his writings The most profound 
trend was a progressive movement away from 
a temporal formulation that would only fit the 
growth trends of individual life cycles, and a 
movement toward an ever more logical and 
abstract formal characterization of progres- 
sive, arrested, and regressive development 
that could account for evolutionary mental 
change wherever it occurs, whether m the 
field of phylogenesis, ethnogenesis, ontogen- 
esis, microgenesis, or pathogenesis The aim 
was to avoid bemg forced into the assumption 
that development had taken place just be- 
cause the organism under consideration (ani- 
mal, man, patient, society) had passed through 
a long period of time (Kaplan, 1966a) 

This required conceptualizing primitive 
and advanced stages of development in formal 
terms that adequately cover the comparative 


field of mental evolution The aim was to es- 
tablish dimensions of assessment that are ( 1 ) 
not temporally bound because chronological 
growth alone does not insure either progres- 
sive or regressive alteration, (2) not content 
bound because it is the form of the organism’s 
actions and products that mark his mental 
development, (3) not output or achieve- 
ment bound because a number of piocesses 
having different developmental status may 
lead to the same observed output by the or- 
ganism (Werner, 1937), and (4) not value 
bound because the theoretical requirement is 
for objective rather than evaluative means of 
assessing change and stability 

Formal Dimensional Coordinates 

Werner’s (1948) orthogenetic formulation 
of development as the "increasing differentia- 
tion and centralization oi hiei archie integra- 
tion, within the genetic totality” was an 
initial step in this direction, providing a purely 
formal principle On this basis, Werner fur- 
ther specified four formal sets of coordinates 
for the analysis of the genetic level of mental 
phenomena 

The central set of formal coordmates for 
the functional analysis of development is that 
of syncretic to discrete Functional undiffer- 
entiatedness is especially marked by syncretic 
fusion of systems of action Synceresis may 
obtain between subsystems withm a system, 
such a emotional undifferentiatedness during 
infancy and early childhood (Bridges, 1931) 
and such as the perceptual fusion of sensory 
modalities m synesthesia (Werner, 1948) 
Syncresis may also obtain between systems, 
such as the affective and imagmal fusion im- 
plied m the confabulations of dream and 
hypnogogic imagery (Silberer, 1951) Syn- 
cresis is also a mark of functionally undiffer- 
entiated mental forms (eg, the several 
meanings that may be fused in a dream 
image but not necessarily m a conscious 
thought) and functionally undifferentiated 
subject- object relations (eg, egocentrism) 
Orthogenesis is marked by increasing func- 
tional discreteness or individuation of systems 
of action Again, this is true for the functional 
relationship between subsystems withm a sys- 
tem (eg , the differentiation of various emo- 
tions and perceptual modalities during on- 
togenesis) and between systems (such as the 
differentiation of the affective and the imag- 
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inal) The same holds for mental forms (such 
as the relatively disci ete significance of differ- 
ent conscious thoughts) and subject-object 
relations (eg, the differentiation aspect of 
perspectivism) 

The central set of foimal coordinates for 
the structural analysis of development is that 
of diffuse to articulate Lack of structural dif- 
ferentiation and centralization is especially 
marked by the diffuse organization of parts 
(individual systems of action) and their lack 
of integration with the whole (the totality of 
systems) Structural diffuseness may be be- 
tween (1) parts or systems of action such 
as the “mass activity” of much of the new- 
born infant’s behavior, (2) subsystems within 
a part or system such as the neonate’s general 
use of his facial muscles, including those con- 
trolling the lips, when sucking, (3) paits of 
mental forms, such as the lack of articulation 
of the symbols and their referents in woid 
realism (Vygotsky, 1934), and (4) charac- 
teristics of the actor-scene ratio, foi example, 
as noted previously, the young child does not 
articulate well the boundaries between him- 
self and the environment, resulting m relative 
overestimation of some of his body parts 
Progressive structural “ti ansformation of the 
diffuse into the articulated occurs as a divid- 
ing up, a progressive disjunction, of the 
whole into related parts” (Wemei, 1948, p 
54) In particular structuial articulation 
takes place between ( 1 ) parts or systems of 
action, such as the differentiated but inte- 
grated way m which different parts of the 
body are used m well executed sports play, 
(2) subsystems within a system, such as the 
muscles used m sucking efficiently, (3) parts 
of mental forms, such as the relative detach- 
ment of a symbol from what it refers to m 
conventional linguistic behavior, and (4) 
characteristics of the actor-scene lelationship, 
such as the above noted progiessive definition 
of body boundanes in development 
Two othei sets of formal coordinates are 
lelevant to the assessment of both structuial 
and functional orthogenesis These are the 
dimensions of rigid to flexible and labile to 
stable At undifferentiated stages of develop- 
ment, mental organization is relatively rigid 
and yet unstable (Werner, 1946) Differen- 
tiation, centralization, and hierarchic integra- 
tion lead to increased plasticity while insuring 
new stability of mental organization 


Primitive conduct is ngidly bound to the 
organism’s attitudes Progressive development 
is marked by differentiation and hieraichic 
integration of attitudes so that the organism 
flexibly (1) attributes differential status — 
either objectivity oi subjectivity — to its vari- 
ous acts and (2) shifts the dominance from 
one to the other attitude depending upon fac- 
tors such as orgamsmic needs and environ- 
mental demands 

Primitive conduct that is labile is chaiac- 
terized by fluctuation m the self-concept For 
example, the young child may think that he 
and others are transformed in essence by 
wearing diffeient clothes or by saying they are 
different animals (e g , De Vries, 1969) Often 
his lability is expressed m playful creation of 
imagmary friends and m playful “splitting” of 
his own character into a good and a bad self 
(Weiner, 1948) The "good” self may scold the 
“bad” self, the “bad” self may transform itself 
into a “good” child, and so on Development in- 
volves progressive stabilization of the self- 
concept so that the oiganism no longer acts 
as if it were being radically tiansfoimed oi 
“split” in character but is a differentiated and 
hieiaichically integrated whole In human 
ontogenesis this means that the child’s self- 
constiuctive activity is directed towaid (1) 
diffeientiatmg himself as a stable, subjective 
entity that is discrete from others so that he 
feels and acts like a distinct individual and at 
the same time (2) integrating himself as a 
participant in, and membei of his social older, 
thereby acquiring the same objective status 
as others The most advanced forms of in- 
dividuation involve the conception of oneself 
as a consciously active operatoi attributing 
the status of a relatively subjective chaiactei 
to the self, such as having internal, covert, 
and psychological charactei At the same time 
it involves the conception of oneself as at- 
tributing a relatively objective charactei to 
other things, such as having external, overt, 
and physical character 

Mental Level 

Consider for a* moment what the utilization 
of these formal coordinates means for the 
comparative assessment of whether an oigan- 
ism is operating at a relatively pnmitive or 
advanced level Such an assessment must in- 
clude a consideration of at least three factors 
The fust consists of deteimimng which dimen- 
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sional coordinates are relevant The second is 
determining the system of action that pro- 
duced the phenomenon to be analyzed The 
third is the analysis of the form of the par- 
ticular mental operation involved m the pro- 
duction of the phenomenon 

In order to make the point, it is necessary 
to recall some exceptional phenomena first, 
such as John Stuart Mill's writing philosoph- 
ical treatises at 6 years of age and Mozart's 
composing music at 4 years The systems of 
action that produced these phenomena are 
something like logical thinking and musical 
composition And it could hardly be argued 
that the developmental level of the systems 
of action involved was primitive on any of 
the dimensional coordmates formulated by 
Werner In terms of these systems of action, 
J S Mill and Mozart weie obviously at ad- 
vanced stages of development dunng their 
childhood, even though they were still at 
comparatively primitive levels of functioning 
m terms of their physiological and other as- 
pects of their psychosocial development This 
means that a given organism may be operat- 
ing at many levels of development during the 
same chronological period of life Theie need 
not be parallel rates of development of all 
the organism's systems of action 

Now let us recall some more typical phe- 
nomena We are all used to observing rather 
primitive phenomena m adults m our society 
For example, this author recently had to deal 
with an experienced paint salesman who 
could only mix paints absolutely by following 
a given formula and not proportionately by 
experimenting with the parts In terms of 
Werner's formal coordinates, his pamt-mixing 
behavior was rigid and diffuse even though 
he had spent much of his adult life at it 
This is but one anecdote of primitive mental 
activity m literate adults m a Western culture 
Now consider some documented findings 
* Kohlberg (1968) reports that about two- 
thirds of adults m our culture reason at a 
relatively primitive level of moral judgment, 
that is, at stages 3 and 4 m Kohlberg’s 6-stage 
scheme Furthermore, Kramer (1968) pre- 
sents longitudinal data which show that in 
some cases level of moral leasonmg seems to 
temporarily slip back dunng late adolescence 
The mteipietation of such data is complex 
and subject to debate Pei haps the system of 
moial reasoning actually regi esses during late 


adolescence to a more primitive stage On the 
other hand, the data may mean that (1) the 
adolescent is more hierarchically integrated 
and can operate at many moral levels, or (2) 
these more primitive moral judgments are 
serving the purposes of another system of 
action, such as that of conventional mores, 
which is hierarchically subordinating the 
moral system, or (3) there is a conceptual 
syncresis between moral judgments and con- 
ventional mores that reflect initial attempts to 
differentiate and mtegrate these two forms 
of reasoning Resolution of this question re- 
quires much additional data on subjects' abil- 
ities to appreciate, comprehend, and produce 
moral reasonmg But the major point is clear, 
the potential (rather than the actual) func- 
tional stage of an organism's system of action 
cannot be determined simply from observa- 
tions of particular phenomenal manifestation 
of the range of the organism's capacities and 
of the cognitive structure of the systems in- 
volved (For further discussion along these 
lines, see Kohlberg, 1968 and Tunel, 1969), 

Finally, we should note Kohlberg's (1968) 
report that Taiwanese Atayals show the fol- 
lowing development m their conception of 
dreams Like children in our culture, they 
progress from the notion that dreams are 
concrete and external to the idea that they 
are imagmal and internal However, Atayal 
adolescents, unlike adolescents in our culture, 
revert to an idea that dreams are concrete 
and external Now it is clear that the Atayals 
develop advanced notions of dreams during 
late childhood Then they seem to regress, 
perhaps like adolescents m our culture when 
they are reasoning morally This would raise 
the same questions of further diagnosis we 
have just alluded to 

Before drawing this section to a close it is 
especially important to reinforce two points 
First, in order to inquire into the proces- 
ses underlying an organism's conduct and 
achievements it is necessary initially to diag- 
nose adequately the level at which it is func- 
tioning For example, if we presume that the 
normal human adult always operates con- 
templatively or logically, then we will misin- 
terpret much of his conduct and piofoundly 
misundei stand its etiology We will fall into 
the same type of enor if we piesume that the 
behavior patterns of all animals are reactions 
to stimuli which are shaped by condition- 
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mg mechanisms regardless of the phylogenetic 
and ontogenetic status of the animals 

The second point is that the ascription of a 
mental phenomenon to one of the stages is 
without piejudice to its value, whethei moral, 
esthetic, or any othei value Ideally, any 
psychological phenomenon undei scientific 
consideiation should be classifiable by this 
taxonomic scheme Its location at a given level 
is obviously only the result of the compaia- 
tive oigamsmic peispective undei lying this 
scheme Its location is therefore meaningful 
and scientificallv useful only m light of this 
particulai compaiative orgamsmic peispec- 
tive, which seems so fai to compiehend and 
tie togethei a wide lange of phenomena, that 
is, its location has explanaton and heuristic 
value only within the present theoietical svs- 
tem Howevei, its location is by no means 
immutable, if theie weie a diffeient develop- 
mental peispective that constiucted a rad- 
lcallv diffeient taxonomic scheme, then that 
same mental phenomenon might be ascubed 
to a veiy diffeient developmental location 
Which location would be most adequate 
might then be cruciallv tested Unfortunately, 
fiom the scientific point of view, radically 
divergent taxonomic schemes of mental de- 
velopment aie not yet available 

The general idea to be diawn fiom all these 
considerations is that childhood, nonliterate, 
and schizophrenic activities aie not assumed 
to be synonymous with primitive stages of 
development Nor aie adult, literate, and noi- 
mal activities synonymous theoi etically with 
advanced stages of development 

COMPARATIVE MENTAL DEVELOPMENT 

As pieviously noted, Weinei and Kaplan 
delineate three fundamental evolutionary 
transformations m the oiganization of mental 
activity and their constiucted products (see 
Table 1 ) These thiee transformations in men- 
tal repiesentation may be taken to reflect the 
three majoi stages in the progiessive con- 
st! uctmsm of biopsychqlogical evolution 
These stages form a hieraichy wheie the most 
advanced forms of mental activity that arise 
during the final, most mature stage integiate 
the more primitive foims that are then pie- 
cursors 

Neither the theoietical boundaries between 
the three stages noi the formal cntena for 


establishing stage boundaries weie explicitly 
spelled out by Werner Yet there is implicit 
older from the precursory stages of mental 
development to their final culmination m the 
stage of contemplative opeiations 
Thiee basic assumptions aie made about 
the genesis of all mental activity The fiist is 
that it is futile to seek the histoncal origins 
of mental operations in the absolute sense A 
moie appiopnate theoietical and empirical 
strategy is to deteumne the analogous pro- 
cesses that undei he mental activity at diffei- 
ent stages of evolution This is the task of 
genetic moiphology (Gesell, 1946 ) It re- 
qunes formal descriptive analyses of the pat- 
terns of functioning undei lying psychological 
activity at diffeient stages of evolution so that 
they may be i elated developmentally and 
epistemologically The second assumption is 
that analogous but lower-oider patterns of 
functioning are pieiequisite to the emeigence 
of higher-order patteins of functioning The 
thud assumption is that lower-ordei func- 
tional patterns do not oidmarily drop out 
when higher-ordei patteins emerge (eg, 
Halpern, 1965) Veiy often they are hiei- 
aichically integrated into the emergent, moie 
complex oiganization with the highei -ordei 
functions dominating, centializing, and reg- 
ulating the lower-oider functional patteins In 
his epistemological analysis, Cassnei (1957) 
comes to much the same conclusion about the 
history of physics 

physical thinking has risen step by 
step to ever highei areas Each highei 
stage of objectivization sets a limit to the 
piecedmg stage, but m this limitation it does 
not destroy the eailiei phase, rather it em- 
braces it m its own perspective (p 477) 

This means that pnmitive systems may con- 
tinue to develop and that they are integiated 
in the form they attain during a given stage 
of development rathei than the foim they 
took in the stage m which they originated 
As far as human ontogenesis is concerned 
it is eleai that man primarily passes through 
the two most advanced stages outlined in 
Table 1 Werner’s developmental character- 
ization of man therefore focused upon the 
extremes of these two stages m order to 
clarifv the most pnmitive and most mature 
forms of functioning 
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In advanced foims of mental activity we 
observe thought processes which aie quite 
detached fiom the conciete sensonmotor, per- 
ceptual and affective type In the primitive 
mentality, however, thought processes always 
appeal as more or less peifectly fused with 
functions of a senson-motoi and affective 
type It is this absence of a strict separation 
of thought propei from peiception, emotion 
and motor action which determines the sig- 
nificance of so-called conciete and affective 
thinking Concrete and affective thinking are 
therefore characteristic examples of syncretic 
activity (1948, p 213) 

Much less attention was given to formulating 
a consistent set of intei mediate, tiansitional 
stages that compiehensively take into account 
the variety of mental developments Instead 
the transitional stages were loosely united 
into a larger stage of intuitive or peiceptual 
lepiesentation This is not to imply that Wer- 
ner completely neglected the taxonomic task 
of workmg out the tiansitional stages How- 
ever, his efforts along these lines weie re- 
stricted to establishing transitional stages of 
specific mental activities, such as the intuitive 
construction of spatial concepts Weiner did 
not attempt to formulate precisely general 
transitional stages that, for example, simulta- 
neously encompass the construction of the 
fundamental cognitive concepts such as space, 
time, numbei , and causality 

The orthogenetic relationship of the thiee 
major stages of mental constiuction is such 
that the most advanced contemplative sys- 
tems hierarchically integrate the moie pnm- 
ltive sensorimotor and intuitive systems, when 
all three systems have developed in an oi- 
gamsm It is highly unlikely, for example, that 
adult humans ever construct a pristine pei- 
cept that is untinged by any contemplative 
opeiation This means, howevei, that percep- 
tual or intuitive representation is not only a 
stage of development but one of thiee paiallel 
systems of action that may develop into the 
most matuie (differentiated and hierarchically 
integrated) organization possible Conse- 
quently, development may be schematized, 
accoiding to Werner, as a thi ee-bi anched tree 
like that in Fig 1 

The parallel branch model is consistent 
with the idea of spiral development This 
principle suggests parallel development be- 



tween stages and systems of action from an 
initial state of egocentrism to a final state of 
peispectivism within each stage The geneial 
theoretical hypothesis may be summed up as 
follows Not only is there development be- 
tween stages and systems of action (that may 
be measuied along formal dimensions such as 
egocentiism to peispectivism) but parallel 
piogiess within any one stage and system of 
action (that should be measurable on the 
same dimensions) A majoi theoretical task 
that Werner began, then, is to woik out the 
comparative development of each psycholog- 
ical stage and system of action from its most 
pumitive manifestations to its most sophisti- 
cated foims Foi example, with i aspect to per- 
ceptual representation, Weinei hypothesized 
that 

In both miciogenesis and ontogenesis the 
formation of percepts seems, in general, to go 
thiough an oiderly sequence of stages Per- 
ception is fiist global, whole qualities are 
dominant The next stage might be called 
analytic, peiception is selectively directed to- 
waids parts The final stage might be called 
synthetic, parts become mtegiated with re- 
spect to the whole (1957, pp 127-128) 

The theme that runs through this develop- 
mental analysis is that the human psycholog- 
ical world m particular is not a reflected 
reality that merely mirrors the physical and 
social environment Rather, it is a representa- 
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tional reality or product that is constructed 
by man s means of mental action that serve 
to achieve his ends These constructed prod- 
ucts or representations are the core of human 
mental life They are composed of two recip- 
rocal schematizing aspects (Werner and Kap- 
lan, 1963) One is the formation of symbols 
(ranging from the imaginal and gestural to 
the veibal and mathematical) that concep- 
tualize, depict, refer to, and communicate 
cognized experience The other is the forma- 
tion of cognized experience, including feelings, 
percepts, and concepts, through representa- 
tion Throughout the presentation that is to 
come we will first present the general sche- 
matizing or repiesentational activity central 
to each stage Then we will consider the 
symbolic and objectifying functions that mark 
each stage The strategic basis for this theo- 
retical analysis is summed up by Cassner 

With the dissection of phenomenal reality 
mto presentative and representative factors, 
into the representmg and the represented, a 
new motif is acquired which operates with 
increasing force and henceforth determines 
the entire movement of theoretical conscious- 
ness (Cassirer, 1957, p 142) 

Precursory Acts 

Werner (1948, p 59) contends that the 
classification of development on the basis of 
a content analysis "is quite inadequate foi 
the analysis of primitive psychic events” be- 
cause "primitive mental life reveals a 
relatively limited differentiation of object and 
subject, of perception and puie feeling, of 
idea and action, etc ” The products of prim- 
itive mental constructions are basically global 
phenomena m which vital physiological, mo- 
toric, affective, and sensory processes are 
fused In support of this contention, Werner 
summarizes the evidence from many studies 
on form discrimination m dogs These studies 
show that their usual facility for form dis- 
crimination, such as between a circle and a 
triangle, is debilitated when the dogs' phys- 
ical movements are restricted. The facihtative 
effect of physical movements in lowering vi- 
sual recognition thresholds in adult humans 
(Miller, 1963, Dowling, 1965) provides re- 
ciprocal evidence, 

Werner was particularly impressed by the 
dynamic character of primitive mental life 


The high degree of unity between subject 
and object mediated by the motor-affective 
reactivity of the oigamsm results m a dy- 
namic, rather than static, apprehension of 
things (1948, p 67) 

He cites phylogenetic evidence, such as the 
fiog ignoring prey that does not move, and 
ontogenetic evidence, such as the neonate's 
greater responsiveness to suckable objects if 
they are moved suddenly Werner (1948, p 
69) hypothesizes that it is the “dynamization 
of things based on the fact that the objects 
aie predominantly understood through the 
motor and affective attitude of the subject” 
that undeilies the lack of diffeientiating an- 
imate from nonammate events This is why 
some inanimate objects will be perceived im- 
mediately as animate or expressing "some 
inner form of life ” It is this immediate dy- 
namic mode of mental activity that he called 
physiognomic in order to distinguish it from 
the moie matter-of-fact, geometnc-technical 
mode of cognition The physiognomic mode 
of mental activity lies at the heart of sub- 
jective constructions, that is, the individual's 
mythical, magical, and esthetic cognitions, 
whereas the geometnc-technical mode repre- 
sents the direction that the individual's ob- 
jective constructions take, that is, his physical, 
social, and logical cognitions Synciesis of 
these two modes is chaiactenstic of primitive 
mental acts and their products Then differ- 
entiation and synthesis m contemplative op- 
erations mark the potential nchness and 
cieativity of mature mental acts and then 
products 

Werner extends his contention that pnm- 
ltive mental life is the global product of fused 
functions to the hypothesis that even the 
different sensory modalities are relatively un- 
differentiated at primitive stages of develop- 
ment Consequently, a given stimulus, such 
as a sound, is more likely to evoke other im- 
pressions, such as color and warmth, rather 
than its corresponding auditory sensation An 
example of such unchffeientiated, synesthetic 
experiences, cited by Werner, is that of 3-year- 
old Bubi Seupms saying that "The leaf smells 
green” and "That [a lilac] smells awfully 
nice and yellow ” It is Werner s hypothesis 
that such expressions are not the result of the 
young child's linguistic inadequacy but an 
"actual undiffeientiated experience of sensa- 
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tion” It should be noted that an adequate 
ontogenetic test of this hypothesis has still 
not been devised Werner further hypotheizes 
that 

synaesthesia as a primordial form of 
sensory experience may reappear as a conse- 
quence of a pathologically conditioned prim- 
ltivation (1948, p 92) 

Primitive concrete action is characterized 
by “immediacy, limited motivation, and lack 
of planning ” (Werner, 1948, p 191) Per- 
sonal motives do not play a role m primitive 
action Primitive action is “set in motion by 
vital drives on the one hand, and the concrete 
signals of the milieu on the other” (Werner, 
1948, p 194) This is true for much of an- 
imal and infant behavior For example, an- 
imals learn mazes more rapidly when hungry 
and infants learn how to find objects more 
easily if it is rewarding 

Primitive mental activity lacks the spec- 
ificity and direction that is the mark of ab- 
stract intentional planning Werner cites C 
Buhlers finding that infants are even unable 
to master a situation such as that requiring 
brushing away a cloth which has been laid on 
their faces Only about 25% of infants at the 
age of lyi months show any purposeful move- 
ments directed toward getting rid of the 
cloth, only about 50% of the movements are 
purposeful even at 4j^ months, and the ma- 
jority of purposeful manipulations become 
successful at the age of 7 months 

The uncoordinated, global character of 
primitive mental activity means that represen- 
tation does not yet articulate “ partial 
goals, the one following the other in succes- 
sion . There is a single goal which can be 
realized only m the totality of the course of 
the action” (Werner, 1948, p 201) Eventu- 
ally this diffuseness gives way to the individ- 
uation of the global activity, with parts of the 
body acquiring specific functions The same 
is true of global goals As they become in- 
creasingly volitional and representational they 
involve a routine with subparts Each sub- 
part has relative independence fiom its 
predecessor so that the whole does not neces- 
sarily have to be run through in an unbroken, 
rigid, and stereotyped fashion Cental control 
is achieved so that parts no longer have equal 
value and nonessential acts are subordinated 


to essential acts As an example, Werner cites 
Zeigarmk s findings that the disruption of an 
activity is a much more vivid experience for 
children than adults and leaves a stronger 
memory impression 

Uncoordinated acts are marked by the lack 
of integration between different movements 
that will eventually become coordinated parts 
of a larger whole, for example, hand-eye co- 
ordination Lack of well established “syntactic 
relation” between parts accounts for the 
greater difficulty that children have with 
classical problem solving tasks that require 
coordination between partial instruments and 
acts Progressively, this rigidity of action gives 
way to a plasticity of the external character 
of action and the inner motivations and goals 
of the actor Thus the child can increasingly 
modify his behavior flexibly to accord with his 
representational assessment of the situation in 
which he finds himself 

The immediate, presentational character of 
primitive action is most evident in the global, 
helpless, and noninstrumental movements of 
the neonate The immediate, presentational 
character of primitive action is also apparent 
in the difficulty young children and chimpan- 
zees have m dealing with problem situations 
that require circuitous behavior, such as 
extendmg a rake through bars beyond a de- 
sired object m order to haul it in Such ob- 
servations are important because perhaps the 
most striking indication that cognition is be- 
coming representational and conceptual is the 
evolution of circuitous behavior since a “mark 
of the release of the subject from the domina- 
tion of the concrete field is the extension of 
the action beyond the visibly given field” 
(Werner, 1948, p 194) Werner cites the 
following evidence Chickens (R6v6sz, 1921) 
and sea gulls do not seek food that they have 
seen hidden while crows and jackdaws ( Hertz, 
1926, 1928) are more like higher vertebrates 
such as apes (Tmkelpaugh, 1928), who will 
search for and recognize food that they have 
perceived being hidden The human infant 
only begins to search for and recognize an 
object hidden m front of him at about 9 
months of age (Buhler, 1931) and shows 
some freedom of action to retrieve hidden ob- 
jects at 13 months (Stem, 1930), Cassirer 
states the case for the immense epistemolog- 
ical significance of this developmental phe- 
nomenon for the construction of organized 
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mental life — for lepresentation and concep- 
tion — most elegantly 

This act of recognition is necessanly bound 
up with the function of representation and 
presupposes it Only where we succeed, as it 
were, in compressing a total phenomenon into 
one of its factors, in concentiatmg it symbol- 
ically; m “having” it in a state of “pregnance” 
in the particular factor — only then do we 
raise it out of the stieam of temporal change, 
only then does its existence, which had hith- 
erto seemed confined to a single moment m 
time, gam a kind of permanence for only 
then does it become possible to find again m 
the simple, as it were, punctual “heie” and 
“now” of present experience a “not-heie” and 
a “not-now” Everything that we call the 
identity of concepts and significations, or the 
constancy of things and attributes, is rooted 
m this fundamental act of findmg-agam 
But here theie is a demand that consciousness 
— contrary to its fundamental character, con- 
trary to the Herachtean flux m which alone 
it seems to subsist — shall step twice, m fact 
many times, into the same livei Tianscendmg 
objective time and experienced time, it must 
seize upon a permanent and stable content 
and posit it as identical with its self Identi- 
fications of this kind — even if they do no 
more than establish and postulate purely sen- 
suous qualities — contain the germ and begin- 
ning of eveiy form of concept formation Foi 
the identity or similarity which we appre- 
hend in two different and temporally separate 
impressions is itself no meie impression that 
is added to the otheis and simply embeds 
itself m the same plane with them If some- 
thing that is given here and now is taken and 
recognized as a “this,” — if foi example it is 
recognized as a certain shade of red or as a 
tone of a certain pitch — we already have to 
do with a genuinely “reflective” factor (1957, 
pp 114-115) 

Presentational Symbols Even as they orig- 
inate m the mental activity of the operating 
subject, symbols are not meiely substitute 
signs that are originally learned as arbitiary 
and conventional labels foi things Rather, at 
first symbols inhere m and express or signal 
the thmg-of-action construction of the objects 
they serve to determine, refer to, and repre- 
sent 


For the analysis of sensory appearance 
showed that its very appearing , its presenta- 
tion is impossible without an ordeied and 
articulated system of purely repiesentative 
functions Without the relations of unity 
and otherness, of similarity and dissimilarity, 
of identity and difference, the world of in- 
tuition can acquire no fixed form, but these 
relations themselves belong to the makeup of 
this world only to the extent that they are 
conditions for it, and not parts of it (Cassner, 
1957, p 300) 

Weiner and Kaplan (1963) hypothesize 
that the original ontogenetic situation out of 
which the lepresentational function develops 
is what they call the pnmoidial sharing situa- 
tion In this situation the human infant is 
“shanng” lather than “communicating” an ex- 
perience (the object of reference) with an- 
other person, usually the mothei That is, the 
primordial shanng situation is a sensorimotor 
affective “pre-symbolic situation m which there 
is little differentiation m the child's experi- 
ence between himself, the other (typically 
the mother), and the referential object” (p 
42) The precursory components for symbol- 
ization, howevei, are present Together, the 
mother and child aie shanng the same thing 
What is still necessary is that the child must 
diffeientiate and integrate the primordial 
shanng situation — himself, fiom objects of 
reference, from his means of symbolic com- 
munication, fiom his communicants (others) 
— so that his symbols represent his objects of 
refeience m a communicative fashion to both 
others and himself 

Wernei and Kaplan (1963) piesent the 
following sequence m the ontogenesis of ref- 
eience The first sign that the child is refer- 
nng himself to a thing and/or indicating it 
to anothei is reaching (not giaspmg) out- 
ward This is a concrete action (and possibly 
affective) indicator that there is a thing which 
is distant fiom the child's body toward which 
he is reaching At the same time, the child 
begins to use call-sounds that accompany 
straining movements of his body towaid 
things beyond his reach These call sounds 
are the first manifestations of vocal demon- 
stratives The next step takes place when the 
child begins touching things at a distance 
from himself m order to indicate it to himself 
oi others The third step, that of turning for 
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looking or turning toward things in older to 
refer to or indicate them, leads quickly into 
pointing This becomes the human’s special- 
ized motor-gestural symbolic form of refer- 
ence During this same period the child begins 
to use specific forms of vocal denotation 
such as “da” These vocal denotatives aie 
used both independently and in concert with 
pointing Finally, the child begins to use 
truly verbal demonstratives such as “this” and 
“that ” Again, verbal demonstratives are used 
together with and separately from pointing 

Two theoretical points are made about the 
developmental sequence of motoi pragmatic 
or practical means of reference Fust, the se- 
quence follows the orthogenetic punciple of 
progressive differentiation and articulation of 
global action patterns The gioss bodily move- 
ments used m reaching become progiessively 
refined and articulate in form fiom a gross 
bodily movement to one m which the out- 
stretched forefinger assumes the configuration 
of a pointer Second, the sequence follows the 
orgamsmic principle governing means-ends or 
form-function relations At fiist the function 
of reference is tied syncretically to forms like 
reaching and touching, that primarily serve 
other functions Eventually a specialized form 
(means), that of pointing, is shaped out of 
the percursory forms as if it were a tool de- 
signed specifically to serve the reference func- 
tion (end) 

Primitive symbolic forms of depicting lef- 
erents are first constructed in the bodily and 
vocal medium and are presentational cogni- 
tions Even a presentational symbol 

has a kind of transparency, an inner 
life shines through its very existence and fac- 
ticity The formation effected m language, 
art, and myth starts from this original phe- 
nomenon of expression; mdeed, both art and 
myth remain so close to it that one might be 
tempted to restrict them wholly to this sphere 
High as myth and art may nse, they remain 
on the soil of primary, “pnmitive” expressive 
experiences Language, it is tiue, discloses the 
new turn, the transition to a new dimension, 
more clearly than the other two, we cannot 
doubt its connection with the world of ex- 
pression There is always a certain expressive 
value, a certain “physiognomic” character in 
words, even m those of highly developed 
language (Cassirer, 1957, p 449) 


The ontogenetic foundations of the repiesen- 
tational function are those mo tor- gestural ex- 
pressions that are maiked by material similar- 
ity and spatiotempoial pioximity between the 
symbolic and leferential forms These presen- 
tational symbols aie the precuisors of the 
linguistic and mathematical symbols that 
eventually develop Material similanty and 
spatiotempoial proximity aie fiist clearly ap- 
parent in the baby’s motoi ic and vocal re- 
actions or co-actions For example, 5-month- 
old babies who get pleasuie out of seeing a 
person m front of them locking are capable 
of doing the same in order to make the in- 
teresting spectacle last Co-action is a transi- 
toiy expiessive form towaid true imitative 
depiction which 

comes into play only when the expres- 
sion and the presented content are to some 
extent differentiated — on two different dimen- 
sions as it were In the early movements of 
the child, theie is an affective-sensory-motor 
unity expiessive movement does not “refer” 
to oi i epresent the affective content but rather 
includes this content m the leactive pattern 
(Werner and Kaplan, 1963, p 85) 

At root, tiue imitative gestiues are still 
piesentational symbols even when some ma- 
terial difference is intioduced For example, a 
child may imitate the flickering of a light by 
fluttering his eyelids Oi he may imitate vo- 
cally the heard chaiactenstics of objects or 
his own action An example of depiction by 
such naturalistic onomatopoetic expressions 
used by a child 17 months old is f-f-f to des- 
ignate a match stick because that is the sound 
of blowing when putting it out (Werner and 
Kaplan, 1963) This still involves a realistic 
pattern that piesents the content the child is 
refemng to This is even true of anticipatory 
gestures such as making sucking and bitmg 
movements or sounds such as num-mim m 
order to indicate the desire for liquid or food 
Now there is a distinct mciease in material 
diffeientiation and spatiotemporal distancing 
between the symbols and their referents Yet 
they aie still primarily pragmatic, piesenta- 
tional symbols, 

The transition between presentational and 
truly representational vocal gestures takes 
place when the vocal patterns analogically 
depict referents that do not have any sound 
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properties Here there is greater material dif- 
ferentiation between the symbols and their 
referents than m onomatopoesis Werner and 
Kaplan (1963) cite many examples, including 
an 18-month-old boy who called all round, 
rolling objects such as balls, corns, and rmgs 
golloh Werner and Kaplan call these sym- 
bolic forms physiognomic and suggest that 
they are the genetic basis for sound or pho- 
netic symbolism Werner and Kaplan analyze 
four transitional forms between the natural 
depictive forms (onomatopoetic and phys- 
iognomic) and conventional forms of desig- 
nation 

1 Assimilation of an onomatopoetic ex- 
pression to the conventional linguistic code, 
for example, one French child went from 
usmg bum as an onomatopoetic expression foi 
the noise of things dropped to the verb burner 
to designate “to fall * 

2 Composite forms m which a part is an 
infantile idiomatic expression and a part is 
conventional, for example, an 18-month-old 
boy called hammering poch which he trans- 
formed into pochmaker m order to designate 
workman 

3 Combinatory forms composed of both an 
idiomatic and a conventional name, such as 
bah-sheep and shu-shu tram 

4 The child responds with his own idio- 
matic expression when asked to repeat a con- 
ventional word, such as tah for spoon and 
peep-peep for chicken 

Things -of- Action The objects of cognition 
constructed by primitive mental activity do 
not have contemplative or abstract quality 
For this reason they are not considered to be 
intuitive or conceptual constructs of mental 
operations but things-of-action Thus Werner 
argues that the mental life of the very young 
child “can be understood only through the 
assumption that the motor-emotional and sen- 
sory factors are blended mto one another” 
His mental constructs are thmgs-of-action 

If it is admitted that the things of the 
child world are created as much by his motor- 
affective activity as by objective stimuli, it 
becomes intelligible, for instance, why a child 
can seriously consider a few wisps of straw 
to^ be a doll or a bit of wood to be a horse 
(Werner, 1948, p 65) 


This hypothesis also fits some of the primitive 
behavior of bram-damaged patients Werner 
notes, for example, that such patients cannot 
recognize a key m the abstract but may im- 
mediately recognize and name it when it is 
inserted and turned in a lock, that is, when 
it becomes a thmg-of -action 

It is possible, following Werner, to distin- 
guish for analytic purposes the products 
(constructs) of undifferentiated mental acts 
mto “things-of-action” when referring to their 
object character and into “signal-things” when 
referring to then expressive and communica- 
tive character Thus, boxes and chairs aie 
different kinds of “signal-things” for dogs 
Sams (cited m Werner, 1948) performed the 
following experiment A dog was trained to 
jump on a chair and sit on it at the command 
“Chair!” and to go and lie down m a basket 
at the command “Basket!” When the dog was 
presented with a box that was open at the 
top, he lay down m it when commanded “Bas- 
ket ” Anything that he could get mto and he 
down m had the “signal-quality” of basket 
He did not respond to the command “Basket” 
when that same box was covered with a lid 
At that point he only responded to the com- 
mand “Chair” by jumpmg up and sitting on 
it The signal-qualities for the dog were obvi- 
ously guided by the actions he could perform 
on it 

Things-of-action are diffusely organized, 
they are not well articulated as discrete parts 
of the total environment, and they are rigidly 
dependent upon the whole constellation of 
the concrete, sensorimotor, and affective field 
Werner cites, for example, the behavior of 
the spider ( Tegeneria domestica) waiting for 
prey Its behavior is rigid — it will only attack 
a fly caught in the outei meshes of the web — 
and diffuse — it will attack any object that vi- 
brates, such as a tuning fork, even if it is not 
food, and not attack appropriate prey like a 
fly if it is stationary This diffuse and inflex- 
ible character of sensorimotor products means 
that they are not articulated as objects that 
have essential and variable characteristics 
They lack the permanence which is prerequi- 
site for a stable, conceptual construction of 
the field 

A necessary prerequisite for the constant 
object is an articulation of the concrete field 
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to the end that constant elements making up 
the object will be experienced m sharp con- 
tradistinction to the vanable elements (Wer- 
ner, 1948, p 108) 

The frog may starve to death if his prey is in 
front of him but static, when he has been 
conditioned to react to a particular motion 
Such rigidity of behavior could not happen 
beyond the earliest period of the child's de- 
velopment The reason for this is that in 
human ontogenesis things begin to be flexibly 
articulated at around 9 months of age Con- 
sequently, they acquire a permanent “ob- 
jective” form which is pieserved across trans- 
formations of nonessential characteristics 

Permanence is only possible where things 
are abstracted out of their momentary, con- 
crete action context and embedded in a 
minimal representational network This net- 
work must include some construction of a 
stable spatial sense 

The “permanence” of the thing is bound 
up with the stability of spatial unities 
We judge that a thing is precisely this one 
and continues to be so, chiefly by designating 
its place in intuitive space as a whole ( Cas- 
sirer, 1957, p 142) 

According to Werner, the most primitive 
sense of space is “syncretically bound” to the 
practical activity of the subject It is therefore 
a subjective construction that is “physiog- 
nomic-dynamic” and “rooted m the concrete 
and substantial” — it is a “space-of-action ” 
In human ontogenesis space is fiist known 
through bodily action, particularly the mouth's 
suckmg on the things with which it comes 
into contact It is therefore a transient space 
of immediate action Growing out of this, m 
a few weeks, is “a space-of-neamess, of 
propinquity, m which the space surrounding 
the body becomes differentiated from the 
body proper” (Werner, 1948, p 173) The 
infant's space becomes bounded by that 
which he can reach, touch, and see The limits 
expand in distance as the infant's visual ca- 
pacities increase but space still remams a 
space-of-relative nearness as long as he can- 
not locomote on his own power, In this sense, 
the knowledge of space remains a strictly 
presentational cognition And his knowledge 


or objectification of things in general remains 
that of a strictly presentational and prag- 
matic permanence 

Transitional Acts 

The mental acts and pioducts that are 
transitional between precuisoiy and advanced 
mental life involve many of the features that 
are characteristic of both They stand midway 
between, and are functionally analogous to 
and partially lsomoiphic with both concrete 
presentational and abstract representational 
phenomena First of all, they have vestigial 
presentational chaiacteristics, transitional 
mental aotivity being diffusely organized In 
ontogenesis this is especially evident when 
we examine the child's drawing and melodic 
activities, whether they are spontaneous oi 
copies Their parallel diffuse organization is 
summarized in Table 2, as outlined by Wer- 
ner (1948, pp 122, 127-128) 

Diffuse perceptual intuitions are charac- 
terized by three central features (Werner, 
1948, pp 128-135) The first is a sensitivity 
to transformations m the external environ- 
ment and a corresponding lack of identity 
and conservation judgments For example, the 
child may not recognize his parents if they 
are wearing new clothes Corroborating evi- 
dence on intuitive identity judgments comes 
from a study calling for verbal judgments 
(Sigel, Saltz, and Roskmd, 1967) Only 42% 
of 5- and 6-year-olds' responses are positive 
to questions such as “This father studied and 
became a doctor Is he still a father?” Even 
at the ages of 7 and 8 not all the responses 
(only 71%) are positive The second charac- 
teristic is lability Often, foi example, the 
young child changes the meaning of what he 
is drawing, what he is building with blocks, 
and even what the words he is using mean 
as his activity proceeds (Werner and Kaplan, 
1952) Indeed, he does not intentionally be- 
gin to plan his activity is advance until he is 
about 4 or 5 years old The third feature of 
perceptual intuitions is rigid conservatism or 
traditionalism The young child, for example, 
is likely to insist that the parts of a game be 
repetitively repeated in a stnct order 

Physiognomization is still at the heart of 
much of perceptual intuition, such as when 
one young child said “Poor, tired cup” upon 
observing a cup lying on its side (Werner, 
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Table 2 Parallels m Pumitive Perceptual-Motor Activity 


Graphic Activity 


Tonal Activity 


A tendency toward homogeneity and 
greater diffuseness may be revealed 
1 In the strong emphasis on 
qualities-of-the-whole 
a Making a figure more 

uniform, indivisible □ — >- O 
b Closmg an open figure } O 


2 In the homogeneization of 
directions and parts by 
a. Making parts alike. c=Q —a- R R 

b Simplifymg directions 
c Using Symmetry. S — *- O 


W— 190 Insert on 51A 


We may enumerate parallel trends m the tonal and 
graphic patterns 

1 Expression of the “quality-of -the-whole” . 

a Contmuity The “glissando” charactenstic in the 
singing of very young infants tends to disappear 
with older children, but a marked inclination to 
increase the continuity of the original pattern re- 
mams in the event of large tonal intervals ( “level- 
ing tendency”) 

b Tonal closure The tendency to a closure of the 
“open figures” in the drawings is translated here 
into a tendency to finish with a low note, as the 
note par excellence , rather than with the actual 
middle note. 

2 Homogeneity of direction and parts 

a Parts are made more alike ( see as examples above 
the two copies of Motif II ) . 

b Simplification of direction If the melodic move- 
ment is strongly articulated like this (JjJj ) 
it will tend toward simplification into this (JjjJ ) 

c “Symmetrization” of ascending and descending 
parts frequently occurs whenever the model is 
asymetncal 

(jjj j ) becomes ( J JJj ) 

(Aside from these deviations on a purely melodic 
basis obvious changes occur which follow a 
tendency to simplify the harmonic relationship ) 


1948) Such physiognomization retains the 
relatively immediate, direct quality of pre- 
sentational expenence when compared with 
mediated, as-if constructions, such as in acts 
of personification 

Nature when known physiognomically is 
alive throughout, not because the soul, the 
vitality, is invested in the inanimate object, 
but rather because everything is understood 
to behave dynamically, quite apart from and 
prior to the differentiation between objeot and 
subject (Werner, 1948, p 80) 

Just as perceptual intuition is infused with 
affect during this transitional phase, so emo- 
tional expenence is still relatively fused syn- 
cretically with somatic and perceptual-motor 
activity Weiner cites, as an example, the ex- 
clamation of a 4-year-old girl when given 
new clothes "The beautiful clothes Tm 
happy right in the bottom of my stomach r 
And at a later age "Oh, you’re so wide when 


you’re happyl” Anothei impoitant feature of 
the syncresis of the perceptual and the affec- 
tive aspects of transitional mental activity is 
the fusion of ethical with esthetic judgments 
Werner notes that it is not unusual for young 
childien to identify "ugly” with "unjust” and 
"beautiful” with "good” Even adults often 
engage m the kind of borderline mental activ- 
ity where they syncretically fuse "white” 
with "good” qualities and "black” with "bad” 
qualities 

The other side to peiceptual intuitions is 
that they begin to exhibit precursory aspects 
of the abstract, representational features of 
the contemplative acts that fully develop dur- 
ing the next stage For example 

In the construction of every spatial intui- 
tion, of every apprehension of spatial forms, 
of every judgment as to the position, magni- 
tude, distance of objects, the individual ex- 
periences "weave themselves into the whole ” 
In order to be spatially determined m relation 
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to the whole, every spatial content must be 
referred to and interpreted according to cer- 
tain typical spatial configurations These in- 
terpretations, as effected in the sign language 
of sense perception, may be regarded as pri- 
mary achievements of the concept (Cassirer, 
1957, p 286) 

The general hypothesis is that intuitive inter- 
pretations and representations begm to 

articulate the individual and particular 
mto a determinate totality, and m the partic- 
ular they see a representation of this totality 
itself As intuitive knowledge progresses along 
this path, each of its particular contents gains 
greater power to represent the totality of the 
others and to make it indirectly "visible " If 
we take this representation as a characteristic 
determinant of the function of the concept as 
such, there can be no doubt that the worlds 
of perception and spatio-temporal intuition 
can nowhere dispense with this function 
(Cassirer, 1957, p 286) 

The appearance of even rudimentary ab- 
stract features is dependent upon increasing 
subject-object differentiation and the initial 
development of perspectivism The child be- 
gins to recognize that people may perceive 
the same event m different ways He also be- 
gins to be able to look at the same event from 
different perspectives and adopt the point of 
view of others However, he will not be able 
to integrate fully these different perspectives 
into a coherent world view or ideology until 
he reaches the truly abstract representational 
stage 

Progressive subject-object differentiation 
leads to intuition becoming more circuitous, 
less immediate mediational means (instru- 
ments and devices) are developed for achieve- 
mg ends At first this is seen m ontogenesis 
when children use parts of their body as in- 
struments to deal with and master situations 
Lewm’s film of a 3-year-old child climbing 
on a stone and only then turning around m 
order to sit down demonstrates that even a 
simple, circuitous perceptual-motor act does 
not develop until well into childhood The 
"increasing specificity of the subjective fac- 
tor/' as compared to objective factors m the 
determination of conduct, marks the "emer- 
gence of a specifically personal motivation' 


that is "revealed m the growing mtention and 
complexity of purely personal motives” (Wer- 
ner, 1948, pp 191, 194) Werner cites the 
following kind of evidence A 2 -year-old 
child will have no difficulty performing a 
task (removing every second object in a se- 
nes) if it has valence for him (each second 
object is a piece of candy) He will have dif- 
ficulty with the same task if it has no valence 
for him (pasteboard corns) As the child be- 
gins to recognize that objectivity is dependent 
upon his own conduct he develops planful 
behavior Illustrative of the child's growing 
capacity to anticipate the end effect of his 
action is his naming of what he is drawmg 
(see Table 3, from Wemer, 1948, p 198) 

Protosymbols Human mentality reaches 
the level of abstract concepts through represen- 
tation — through language and the naming 
process However, abstract conceptual repre- 
sentation has its basis m the more primitive 
symbolic forms of stages "where language 
itself is identified with concrete action and 
where names are fused with objects they de- 
note" (Wemer, 1948, p 254) In primitive 
symbolization names are material parts of the 
things they represent (eg, word magic) and 
are sometimes conceived of as things them- 
selves (Cassirer, 1953) Wemer (1948) sug- 
gests the following developmental basis of 
symbolization 

In the physiognomic world the name is not 
a mere instrument of sound behind which 
there is meaning The word, by virtue of its 
concrete physiognomy, is directly related to 
the object itself Or it may even go beyond 
this because the word, in so far as it shares 
the physiognomy of the objects, is an integral 
part of this subject (p 263) 


Table 3 Early Age Levels at Which Objects 
Are Named m Drawmg (After 
Hetzer) 


Age 

Years) 

Not 

Named 

Named 

Afterward 

Named 

While 

Being 

Drawn 

Named 
Prior to 
Being 
Drawn 

3 

90 

10 

0 

0 

4 

18 

9 

37 

36 

5 

0 

0 

20 

80 

6 

0 

0 

0 

100 


Figures refer to percentage of cases. 
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Expressive physiognomic qualities that are 
intersensory in character may exist m the 
sounds articulated m the human voice 
language itself has a physiognomic quality 
language is the most flexible and refined 
instrument for expressing the dynamic-motor 
aspect of the objective world (p 257) 

[Eventually] names are no longer thought 
of as concrete and physiognomic in nature, 
as constituent parts of objects proper, they 
gradually achieve the status of symbols sub- 
stituting foi the objects themselves At the 
same time the physiognomic quality of words 
may still remain as the sensuous ground from 
which the abstract meaning draws its vitality 
(P 264) 

Werner (1948) makes three points about 
the developmental relations of general con- 
cepts and symbols The first is that primitive 
symbolization is characterized by a multiplic- 
ity of particular terms and a scarcity of gen- 
eral terms The second is that it remains an 
open question whether or not preliterate 
people possess geneial ideas even when they 
are not explicitly expressed m their language 
Generalization may be implicitly expiessed in 
their language when theie is no explicit ex- 
pression The third is that we may find a mul- 
tiplicity of particulars and a scarcity of gen- 
eiahties even at advanced levels of mentality 

The difference between lower and more ad- 
vanced societies does not consist of the fact 
that primitive forms of behavior aie absent m 
the latter, but rather that the more primitive 
the society the greater the homogeneity and 
the consequent dominance of primitive be- 
havior As the society advances the stratifica- 
tions of mental form stand out with increasing 
clarity (p 271) 

The underlying tenet about the emergence 
and development of mental processes is the 
principle of spiral development all novel psy- 
chological functions are first actualized 
through the use of forms serving genetically 
prior functions As applied specifically to the 
ontogeny of symbolization, this general tenet 
leads to the specific assumption that the func- 
tion of linguistic representation emerges from 
and is looted in prelinguistic, gestural, and 
intonational forms of symbolization* On the 


basis of this assumption, it is possible to order 
genetically analogous manifestations of the 
symbolic function m terms of the transforma- 
tions m the form to function relations which 
these manifestations undergo during the tran- 
sitional stage from ( 1 ) the initial prelinguistic 
state of syncretic symbolization where the 
expressive forms of gesture and intonation 
serve both the functions of representing some 
referent and the attitude (orientation, feeling, 
and conation) toward the referent, toward 
(2) the linguistic state of discrete symboliza- 
tion where the representative function 
achieves the autonomy necessary to the de- 
velopment of a form — a medium of represen- 
tation such as language — that uniquely serves 
its ends, such as reference, designation, and 
predication 

As the child begins to construct extended 
verbal expressions to communicate about 
events during this intermediate stage, these 

messages become increasingly differ- 
entiated and articulated, so that distinct as- 
pects of an expression come specifically to 
represent distinct aspects of a complex state 
of affairs, such as the intent of the speaker, 
the different components of the situation, and 
so on (Werner and Kaplan, 1963, p 31) 

There are two major aspects to messages, ac- 
cording to Werner and Kaplan (1963), The 
first is the “attitudmal mode” of the message, 
that is, whether the intent is to command, 
declare, question, and so on The other aspect 
is what the message signifies, that it, whether 
the reference is to oneself, another object, a 
concept, and so on The prelinguistic, ges- 
tural, and intonational means of symbolization 
employed during the initial mental stage per- 
mit only some diffuse expression of attitude, 
such as the desire for contact or demand 
They do not usually permit differentiated and 
integrated representation of the “three major 
components of a situation (self-other-object) ” 

The child’s bodily or vocal symbols that 
no longer simply express an attitude but also 
refer to situations are said to be monoremes 
At first, monoremes represent syncretically a 
fusion of attitude and reference They are 
more like prelinguistic expressions, such as 
call-sounds that pomt to desiderata Mono- 
remic expression should be easiest to deter- 
mine when the child’s symbolic orientation is 
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declarative, for example, when a child points 
at something and says da (there) Even then, 
however, the declarative aspect of the symbol 
is at best hypothetical and implicit 

The duration of the monoremic stage lasts 
from about six months to a year According to 
Werner and Kaplan (1963, pp 136-137), it is 
marked by two notable developments, an “in- 
crease m the variety of vocal forms" pro- 
duced by the child in order to articulate the 
communicative, referential, and depictive mo- 
ments of the speech situation, and a progres- 
sive differentiation of the nature of mono- 
remes The mtonational variations m the 
child’s monoremic symbols express “some de- 
gree of differentiation among attitudes but 
not differentiation between important 

elements of the situation, such as direction 
towards addressee and object of discourse" 
Toward the end of the monoremic stage, 

the child produces monoremes m which 
such aspects of the situation as orientation 
toward an addressee and reference to an ob- 
ject of discourse are differentiated respec- 
tively by intonation and gesture, on one hand, 
and by the form of the vocable, on the other 
exact citation 

This movement reflects one of the major laws 
of development, the genetic principle of shift 
of function The child is usmg his well-es- 
tablished expressive forms of “intonation and 
gesture for novel functions" such as indicating 
his attitude, and his vocal forms progressively 
become speech units or “names" that repre- 
sent objects of reference 

It is not until the child reaches the two- 
vocable or duoremic stage that we may be 
sure that the child’s mtent is explicitly de- 
clarative Now, the function of his verbal 
forms shifts from “names" to “words” 

A name becomes a woid only insofar as 
it fulfills a grammatical and syntactic function 
m an utterance, a function beyond its role as 
designator of something (Werner and Kaplan, 
1963, p, 138) 

Words, unlike names, are always parts of 
sentences Words and sentences co-emerge m 
development When vocables become words, 
then their referents become increasingly de- 
limited Werner and Kaplan cite an example 


from one of Gregoire’s children When the 
child was at the monoremic stage he used 
bum to refer to all events in which a loud, 
abrupt sound played a significant part Later 
the child used bum or popot (poite, door) 
as holophrastic names to refer to door-closing 
or door-bemg-closed When the child ad- 
vanced to the two vocable stage he produced 
bum-popot, such that he delimited banging 
sound as the distinctive referent of bum and 
door as the referent of popot These distinc- 
tively delimited representational relationships 
“become fixed and stabilized as the child uses 
them as pivot forms, as in bum-sonnette and 
ouvrez-porte " 

A second, related aspect of the progressive 
differentiation of reference at the two-vocable 
stage is specification or “the ontogenetic 
change from vocables having a vague, over- 
inclusive referent to vocables having a def- 
inite more clearly specified referent” (Werner 
and Kaplan, 1963, p 142) The most signif- 
icant function of specification “for linguistic 
articulation of noun-veib relationships" is cat- 
egorization of represented events, particularly 
into things and actions Wemei and Kaplan 
cite an example from Leopold At 17 months 
a child used auto to represent the object m 
motion At 19 months she began to use action 
terms (such as choo-choo to refer to motion) 
in combination with thing terms (such as 
tram and auto) to produce two-vocable 
phrases (such as choo-choo-tram and choo - 
choo-auto) 

The categorical function of specification is 
“correlative with the integrative trend toward 
the structuring of sentences ” At the begin- 
ning of the two-vocable or duoremic stage 
“integration is very concretely assured through 
the referential overlap of the two vocables ” 
Werner and Kaplan cite the example of a 
child who says da-digda , where da refers to 
“there" and digda to “clock" and both refer 
to the totality of the sounding clock The first 
form of integration then reflects oveilappmg 
or holophrastic reference 

Integration is also assured by the external, 
vehicular aspect of symbols Werner and Kap- 
lan hypothesize that one major means that the 
child uses to achieve sentence integration is 
intonation During the monoremic stage in- 
tonation serves to designate the child’s atti- 
tude, orientation, and emotion During the 
duoremic stage its function changes to en- 
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suring initial integration of words Werner 
and Kaplan suggest two developmental steps 
in intonational integration The first is even 
or monotonous stress where the child pro- 
duces both vocables with the same intonation 
The second step occurs when the child uses 
uneven stress so that the intensity, pitch, or 
duration of the intonation is different for the 
two words The use of intonation as a means 
of representation reflects two major develop- 
mental principles (1) the genetic principle 
of shift of function, here, the shift in the func- 
tion of intonation from designation to 
sentence integration, and (2) the genetic prin- 
ciple of spiral development, here, “the tem- 
porary return to more primitive means of 
representation, such as intonation when 
realizing more complex acts of mentation” 
(Werner and Kaplan, 1963, p 132) 

A major function of speech, particularly m 
its sentence form, is the construction and ex- 
pression of predicative judgments or asser- 
tions The earliest ontogenetic predications 
are judgments of identification 

In explicit verbal manifestation, these judg- 
ments take the form “this (pointing) is a B” 
or “A is a B ” The earliest foims of identifying 
predications occur m situations m which the 
child “names” a piesented content (Werner 
and Kaplan, 1963, p 160) 

Eventually, m later stages of development 
when the child has well developed his capac- 
ities for conventional sentential designation 
“identifying predications subserve class inclu- 
sion and exclusion one asserts that ‘A is a B' or 
'A is not a B' ” (Werner and Kaplan, 1963, p 
162) Before the child can produce judgments 
and predications of actions (by an agent) and 
of attribution (of a quality to a thing) he must 
be able “to distinguish between thing and 
some state of thing within a global, concrete 
happening” Then he must distinguish be- 
tween states of action (“doing”) and attribu- 
tion (“belonging to”) 

Werner and Kaplan outline four sequential 
steps in the formation of predication or sym- 
bolic judgment 

( 1 ) The earliest pre-predicative utter- 
ances are, both referentially and linguistically, 
of an undifferentiated character, that is, they 
are monoremic (2) Next come two-vocable 


utterances which are initially a junction of 
monoremes, in which each denotes the same 
event, while connoting somewhat different 
aspects of it — a loose joining of relatively 

separate vocables (3) At a latei stage of the 
two-vocable utterances, the units become rel- 
atively distinct m reference and are even- 
tually linked together m an intonational hy- 
potaxis (uneven stress) — indicating that one 
referent is m some way dependent upon the 
other (4) Finally, specific morphological 
means, such as form-words, come into play 
to establish integration of the vocables en- 
tirely within the linguistic medium per se, at 
this pomt “sentences” are fully established 
and, correlatively, so are “words” (1963, pp 
166-169) 

The final major function that speech begins 
to serve in this intermediate stage is the for- 
mation and expression of “ relations between 
thoughts ” Werner and Kaplan hypothesize 
two ontogenetic phases 

whereas the structures of the earlier 
utterances, depictive of the order of prag- 
matic-perceptual happenings, are closely tied 
to, and interwoven with, concrete contexts, 
latei utterances are increasingly freed from 
contextual embeddedness, this decontextual- 
ization of speech goes hand m hand with a 
stress on conceptual-logical rather than prag- 
matic-perceptual relationships among experi- 
ences (thought) (1963, p 182) 

The authors document this hypothesis with 
many examples of the developing expression 
of coordinate, sequential, simultaneous, anti- 
thetical, subordmative and causal relations in 
child language. The idea is that at first the 
child's utterance closely reflects his observa- 
tion so that he may say something like “The 
toy is broken — it doesn't move” Then the 
child begins to conceive of conciete causal 
relations, he observes an effect which leads 
him to anticipate and look foi the cause so 
that the child may say something like “It 
doesn't move because it's broken ” Eventually, 
at the next stage the child abstracts the logic 
of this class of events and may say something 
like “Because it is broken, it doesn't move” 
wheie the particularity of the figural event is 
expressed m relation to a logical ground about 
the class of causal events 
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Perceptual Intuitions. During this stage, 
percepts retain four majoi characteristics of 
primitive mental activity The first is physiog- 
nomizat ion In a senes of expenments with 
children ages 6 to 19, Wapner and Werner 
(1957) examined the effects of “directional 
dynamics” m pictured objects and visually 
presented words upon preception One ex- 
periment, for example, compared the per- 
ceived speed of motion of (1) objects that 
have a static quality (e g , a “sitting mouse”) 
or objects that are pointed in the direction 
opposite of the movement (eg, a senes of 
tnangles like moving left to nght) with 
(2) objects that have a dynamic quality (eg, 
a “running mouse") or objects that are pointed 
in the direction of the movement (eg, the 
same series of tnangles but whose apexes 
now faced in the same direction as the mo- 
tion) The effects of the directional dynamics 
was greatest for the youngest subjects and 
decreased with age Their studies lead the 
authors to conclude 

these developmental trends have been 
related by us to the developmental principle 
of increasing object-subject differenbatedness 
Developmental theory assumes that dynamic 
perception entails relative unity (undifferenti- 
atedness) between object and organism Since 
this undifferentiatedness decreases with age 
the potency of the dynamics inherent m ob- 
jects decreases with increase m age (Wapner 
and Werner, 1957, p 36) 

The second characteristic is psychophys- 
ical undifferentiatedness For example, a child 
who perceives a few pieces of straw as a doll 
may have no awareness that he is attributing 
these doll-like qualities to the straw Rather, 
his percept may be the result of a lack of 
differentiation in his total psychological or- 
ganization between his subjective (motor-af- 
fective-perceptual) state and the objective 
matter-of-fact attributes of things (e g , Wer- 
ner and Wapner, 1955, Langer, Wapner, and 
Werner, 1961, Langer, Werner, and Wapner, 
1965) 

The third primitive characteristic of intu- 
itions is syncresis of percepts and images, for 
example, m eidetic imagery, which was first 
described m detail by Jaensch (1930) These 
images have much of the force, the “sensuous 
vivacity,” and detail possessed by percepts 


Consequently, some children feel that their 
images are “real projections on some surface 
m outer space involving no effort of will” 
(Werner, 1948, p 143) In this sense, eidetic 
imagery is bed to sensory phenomena On the 
other hand, it also partakes of qualities char- 
acteristic of imagmal phenomena Unlike sen- 
sory after-images, eidetic imagery can be in- 
fluenced and intentionally altered by the 
creative will of the child Eidebc imagery, 
like children’s drawings is particularly sus- 
cepbble to what Werner calls the “emotional 
perspecbve” Jaensch reports, for example, 
the case of a boy who was so impressed by a 
play that the actors grew to enoraious pro- 
portions before his eyes 
The fourth primitive charactensbc of in- 
tuitive percepbon is its lack of stability In 
their sensontonic theory, Wapner and Werner 
(1957) posit that the underlying mechanism 
of percepbon is an equilibration process be- 
tween sensontonic forces within the organism 
The theory makes the holisbc assumpbon that 
sensory and tonic (postural-muscular) forces 
“must be essentially of the same nature,” even 
though they may appear to be different 
sources of percepbon, because they have par- 
allel effects and they influence each other 
The organism is in a relatively stable state 
when his interactions with the environment 
result m sensory and tonic states that are m 
equilibnum with each other Unstable states 
are the result of interactions that result an 
sensory forces that perturb the tonic forces, 
or vice versa Such an unstable state may be 
examined experimentally by blbng an individ- 
ual in a dark room and testing its effect upon 
his perception of major spatial coordinates, 
such as the verbcal represented by a lumines- 
cent rod The hypothesis is that at primitive 
stages m the development of perceptual in- 
tuition the organism does not have stabilizing 
forces to counteract the perturbing forces m 
the direction of the bit (cf Goldstein, 1939) 
Consequently, the rod will appear to be ver- 
tical when it is actually tilted in the same 
direction as the organism, At advanced stages 
of perceptual intuition, on the other hand, the 
organism develops stabilizing counterforces in 
the direcbon opposite to those induced by the 
tilt m order to reestablish equilibrium This 
often involves counteractive forces that over- 
compensate for the perturb abon Conse- 
quently, the resultant perception may not be 
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“veridical ” For example, the rod may be per- 
ceived as vertical when it is actually tilted in 
the direction opposite the tilt of the organism 
The comparative data conform to this sen- 
sontonic hypothesis 

1 Children 6 to 16 and older people 65 to 
80 locate the apparent vertical to the same 
side as their own tilt (Comalh, Wapnei, and 
Werner, 1959) 

2 Catatomc-hebephienic schizophrenic 
adults locate the apparent vertical to the side 
of their own tilt (Canni, 1955) 

3 Normals, 16 to 50 years old, locate the 
apparent vertical opposite the side of their 
own tilt (Comalh, Wapner, and Werner, 
1959) 

The intuitive perceptual sense that develops 
also becomes progressively detached from the 
subject and objectified as a separate but still 
concretely understood external woild As a 
paradigmatic example of the pi ogress achieved 
let us consider the intuition of space that de- 
velops beyond the immediately perceptible 
Its most primitive manifestation is usually 
supported by the physiological maturation of 
locomotory powers that permit wider explora- 
tion and memory that permits the temporal 
extension of space into familial but not pres- 
ently experienced places In this sense, spatial 
cognition begins to be representational But, 
for these very same reasons, spatial knowl- 
edge is still very much tied to the particulai 
activity of the subject, it is, m Werner's terms, 
a “personal space-of-action” and not a general 
concept An example from human ontogenesis 
is that 3-year-olds are likely to be dis- 
oriented if they are taken into a familiar place 
by an entrance that they have previously used 
only as an exit 

The most advanced manifestation of the 
concrete intuition of space is one in which 
regions are differentiated and systematized 
into a whole organization But it is still a 
personalized organization that is intrinsically 
interwoven with the idiosyncratic and phys- 
iognomic activity of the acting subject This 
stage is central to ethnogenetic comparisons 
because much of the mythical organization of 
space seems to involve reasoning that does 
not go beyond the concrete intuitive level 
This seems to be as true of the astrological, 
cosmic spatial concepts that are becoming 
increasingly prevalent in contemporary cul- 


ture in the United States as it is, for example, 
in the religious partitioning of space in Zuni 
or early Babylonian ideologies (Cassirer, 
1955) 

[Highly organized mythical space] retains 
some of the salient properties of primitive 
space, particularly its concreteness and dy- 
namism This qualitative dynamism may come 
to view m such physiognomic or expressive 
terms as ‘holy” or “unholy,” qualities on 
which a mythipal space may be based (Wer- 
ner, 1948, p 171) 

Myth amves at spatial determinations and 
differentiations only by lending a peculiar 
mythical accent to each “region” in space, to 
the “heie” and “there,” the rising and setting 
of the sun, the “above” and “below ” Space 
is now divided into definitive zones and di- 
rections, but each of these has not only a 
puiely intuitive meaning but also an expres- 
sive character of its own Space is not yet a 
homogeneous whole, within which the partic- 
ular determinations are equivalent and in- 
terchangeable The near and far, the high and 
low, the right and left — all have their unique- 
ness, their special mode of magical signifi- 
cance Not only is the basic opposition of 
sacred and profane interwoven with all these 
spatial oppositions, it actually constitutes and 
produces them One must immerse oneself in 
the artistic repiesentations of the gods and 
demons of the dnections — as we find them 
for example in the ancient Mexican culture — 
in order wholly to feel this expressive mean- 
ing, this physiognomic character which all 
spatial determinations possess for the myth- 
ical consciousness Even the systematic order 
of space (for this is by no means lacking m 
mythical thinking) does not go beyond this 
sphere The augur who maiks off a templum, 
a sacred precinct m which he differentiates 
various zones, thus creates the basic precon- 
dition, the first beginning and impulse toward 
“contemplation ” He divides the universe ac- 
cording to a definite point of view — he sets 
up a spiritual frame of reference, toward 
which all being and all change are oriented 
This orientation is designed to insure a vision 
of the world as a whole, and with it a pre- 
vision of the future But of course this vision 
does not move within a free, ideal, linear 
structure, as m the realm of pure “theory”, 
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the zones of space are inhabited by real, fate- 
ful powers, powers of blessing or of doom 
The magical circle that embraces the whole 
existence of nature and of man is not burst 
asunder but only reinforced, the distances 
conquered by mythical intuition do not bieak 
its power but serve only to confirm it anew 
(Cassirer, 1957, pp 150-151) 

As for ontogenesis we find that although 
the child is beginning to differentiate loca- 
tions, the way m which he relates them into 
a spatial organizations is still egocentncally 
bound to his own action at the beginning of 
this stage rather than m a perspective fashion 
For example, by the age of 6 or 7 years, chil- 
dren know what right and left is on their own 
body But they cannot tell right from left on 
other bodies, and they mirror image the 
movements of another person when required 
to imitate Toward the end of this stage, the 
construction of spatial coordinates begin to be 
detached from the actions of the subject 
Children begin to discriminate right from left 
on other bodies as well as their own But even 
at 8 years they can still hardly imitate cor- 
rectly someone facing them who moves his 
right and left hands (Wapner and Cirillo, 
1968) 

Werner cites further comparative evidence 
from pathogenesis For example, Head 
(1926) reports that aphasiac patients place 
their right hand to their right eye when im- 
itating Head’s placement of his left hand to 
his left eye The imitation, then, is mirror- 
like Another aphasiac patient was only able 
to distinguish nght from left m terms of his 
own activity — nght is the side with which he 
writes These kinds of observations led Wer- 
ner (1948) to the hypothesis that mental dis- 
turbances are often marked by conceptual 
regression to relatively primitive notions of 
space spatial cognition becomes egocentnc, 
affectively laden, physiognomic, or dynamic 
— a concrete "space-of-action ” 

Werners (1948) central hypothesis is that 
the perceptual intuition of space is rooted in 
"the property of a temporal succession, that 
is, irreversibility ” As an example he cites the 
Scupms’s report of their son Bubi’s behavior 
when he was 7 years old 

Today Bubi was taken through the woods 
by the forester Without following any path, 


over brooks, mounds and through cleanngs he 
went to the tree-nursery where the men were 
digging On the way back, at a spot some 
five-minutes’ walk from the forester’s lodge, 
the man showed the boy a strawberry patch 
In the afternoon the child’s mothei, armed 
with a pail, thought she would let him lead 
her to the strawberries Unable to reconstruct 
the return route in a reversed direction, the 
boy led her all the way through the woods, 
over the brooks and through cleared spots to 
the place where the men were at work at the 
nursery, and thus found his circuitous way to 
the strawbeiry patch To her amused aston- 
ishment, Bubi’s mother found that it had 
taken her three-quarters of an hour of trail- 
making to arrive at a place not five minutes’ 
distance from the forester’s house where they 
had started A whole chain of associations 
and memories had guided him He spoke m 
a long monologue, saying, "Here at the thresh- 
old the forester said, Watch out! Here’s a 
step upl Here the forester said, Sit down and 
slide. Here — wait a minute — how do you go 
from here? Oh, yes the grass is trampled 
we’re nght There’s Gold Brook already! 
The forester jumped across first and leached 
over his stick to us Look 1 there are the 
men working!” (pp 176-177) 

Contemplative Acts 

Abstact conceptual activity requires that 
from the totality of experience "a factor is not 
only detached by abstraction but at the same 
time taken as a representative of the whole” 
(Cassirer, 1957, p 114) This means that 
symbols are created that not only stand for 
and are integrated with — but are fully de- 
tached and differentiated from — what they 
represent This permits the articulation (dif- 
ferentiation and integration) of experience 
from many perspectives, not only one’s im- 
mediate involvement Symbolic representation 
is therefore necessary to the construction of 
ideological consciousness or theoretical cog- 
nition m which subjective perspectives are 
finally related m a logical fashion with objeo 
tive perspectives 

Abstract contemplation, then, is based upon 
schematization that is intentional and planned 
(Werner, 1948, Werner and Kaplan, 1963) 
The detachment from immediate and prag- 
matic involvement permits contemplative 
schematization to go beyond presentational 
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construction of here and now experience to 
an interpretative lepresentation of past ex- 
perience and futuie possibilities as well as of 
present activities Observed transfoimations 
over time are no longer accepted m their 
presentational guise but are repiesented m 
relation to reversible mental interpretations 
This means mental coordination of the ob- 
served piesent actual transformation with the 
nonpresent possible reversibility of that de- 
formation Intentional schematizing is also 
stable and flexible Intentional schemes are 
constructs m which intei pretations become 
principled in their meaning so that they do 
not simply fluctuate due to context Yet they 
aie plastic enough to permit foi modification 
wheie the conditions indicate qualification 
They have, then, the character of principles 
that have universal definition and particular 
qualification 

Thus schematization reaches its highest 
form during this stage when two criteria are 
met The first is the development of the cat- 
egonal and hypothetical “attitude towaid the 
possible” (Goldstem, 1939) The most ad- 
vanced manifestation of the categonal atti- 
tude is the ability to deal with possibilities as 
well as with actualities in a principled fashion 

Previously we mentioned a certain detach- 
ment from experienced situations as prereq- 
uisite to the adoption of the “categorial” at- 
titude Such detachment permits the normal 
person not merely to experience the actual 
situation and to undeigo the effectiveness of 
operating factors, but also to explicate the 
given situation, to apprehend and thematize 
effective factors, and, eventually, to onent 
his actions with respect to factors thus ten- 
dered explicit (Gurwitsch, 1949, p 183) 

The second cuterion is the development of 
the transcendent capacity to act mentally 
upon one's own psychological actions, thereby 
permitting the organism to contemplate its 
own thoughts and be conscious of its con- 
sciousness Both these developments are pie- 
requisite to the formation of theoretical, 
perspectivistic, and ideological cognition of 
physical, social, and psychological experience 

In theoietical cognition the “schematism of 
images has given way to the symbolism of 
principles” (Cassirer, 1957, p 467) This per- 
mits the formation of logical systems of action 


that create abstract or formal ordering rela- 
tions Thus the final character of mentation as 
representation emeiges abstiact symbolism 
that permits the construction of principled 
concepts which are logically necessary, and 
have general meaning yet maintain their par- 
ticular intuitive reference 

The meamng of a principle must ultimately 
be fulfilled empirically, hence intuitively, but 
this fulfillment is never possible directly, it 
can only occur when other piopositions are 
derived by a hypothetical deduction fiom the 
assumption of the principle’s validity None 
of these propositions, none of these particular 
stages m a logical piocess, need be suscep- 
tible of direct intuitive intei pretation Only as 
a logical totality can the senes of inferences 
be related to intuition, and confiimed and 
justified by intuition 

It is the construction of a netwoik of logical 
principles, such as the principle of mvanant 
relations m the concept of the conservation 
of energy, rather than the positmg of the ex- 
istence of particulai things which character- 
izes the most advanced form of objective 
schemata 

Here the substantial is completely trans- 
posed mto the functional true and definitive 
permanence is no longer imputed to an exis- 
tence piopagated in space and time but 
rathei to those magnitudes and lelations be- 
tween magnitudes which piovide the universal 
constants for all description of physical pro- 
cess (Cassner, 1957, p 473) 

The mental representatives of these functions 
aie symbolic relational schemes, such as the 
operation of leversibility, that have the ob- 
jective force of logical necessity 

Symbols The piogressive development of 
autonomous symbolization is maiked by the 
construction — the appieciation and under- 
standing, as well as the production — of 
symbolic forms that aie progiessively differen- 
tiated from the referents they lepresent With 
respect to the linguistic medium this 

increasing distance and independence 
of language from the domain of concrete, per- 
ceptual-motor experiences reflects itself m 
several ways increasing reference to phenom- 
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ena remote from concrete perception, forma- 
tion of names to refei to class concepts rather 
than to individual concepts, formation of des- 
ignator of abstract lather than context-bound 
relations, etc (Werner and Kaplan, 1963, p 
184) 

The concept of distancing leads to the deriva- 
tive idea that “the use of puiely linguistic 
operations for constructing refeients and re- 
lations among referents” is a major of func- 
tion of symbolization This takes many forms 
m the course of ontogenesis One form is 
“composition, the joining of two names to 
form a new unitary name ” Many of the com- 
posites formed by childien, such as “birthday- 
tree,” are tied to specific spatiotempoial con- 
texts and are of short-term duration, otheis 
endure a long time A related form is “deriva- 
tion, the adding of form-elements to a name 
in order to derive new names (and con- 
cepts) ” This occurs when the child alieady 
discriminates between “nouns as thing-words 
and veibs as action- words” but for the pui- 
pose of a novel function, constructing new 
words, he letums to the use of a more prim- 
itive form in which things and actions are 
not differentiated, e g , a 5-year-old boy called 
a towel a “wipe-it-dry ” 

A more advanced symbolic form of con- 
stiuctmg relations between linguistic con- 
cepts is that of defining the meaning of words 
by other woids (Lewis, 1929) At first the 
child's lexical constructions are “global, dif- 
fuse, and concretely contextualized” When 
5- and 6-year-old children are asked what 
“bottle” means they give answers such as 
“There's lemonade m it” and “When a little 
boy drinks milk out of it” Eventually the 
child's lexical units become “relatively con- 
text-free” and general, for example, one child 
defined a bottle as “A container into which 
all kinds of liquids go ” 

When words acquire geneial, decontextual- 
lzed meanings, then they truly attam the level 
of autonomous lexical units Werner and Kap- 
lan (1963) hypothesize six steps in the forma- 
tion of autonomous symbols This hypothesis 
is based upon a study (Werner and Kaplan, 
1952) of 8J4- to 13 J4 -year-old children 
These children were presented with twelve 
series of six sentences each The same artifi- 
cial word appeared m each senes of six sen- 
tences For example, the artificial word m 


one series was “hudray” (its adequate trans- 
lation was grow, increase, or expand) and 
one of the sentences was “If you eat well and 
sleep well you will hudray ” The child's task 
was to find the meaning of “hudray” that 
would fit all six sentences 

Young subjects tend to ascribe a “global 
connotative sphere” to the aitificial word that 
leflects what the context means to them This 
“woid-sentence undifferentiatedness” means 
that they do not tieat the word as an auton- 
omous lexical concept Not only do these chil- 
dren fuse the meaning of the woid with that of 
its sentence context but they also fuse or in- 
termingle the diflfeient structure of the vari- 
ous sentence contexts For example, even a 
10-year-old said that “hudray” means “feel 
good” in the above sentence, he then trans- 
lated the second sentence “Mis Smith wanted 
to hudray hei family” into “Mrs Smith 
wanted her family to feel good”, after which 
he translated the third sentence “Jane had to 
hudray the cloth so that the dress would fit 
Mary” mto “Jane makes the dress good to fit 
Mary so that Mary feels good”, and so on for 
the rest of the series Thus the child's syn- 
cretic construction leads to a global and dif- 
fuse concept m which words and sentences 
are relatively undifferentiated 

A step beyond this “word-sentence fusion” 
is partial detachment and partial fusion of 
the woid meaning with the sentence contexts 
For example, one I O-year-old assigned the 
meaning “collect” to the artificial word “lid- 
ber” m the sentence “Jimmy lidbered stamps 
from all countries”, but then he went on to 
mcoiporate “stamps” into the meaning of 
“lidber” as m “The police did not allow the 
people to lidber on the street ” which he 
translated as “The police did not allow the 
people to collect stamps on the street ” Thus 
both word-sentence and sentence-sentence 
meanings overlapped 

A third level is achieved when children no 
longer have trouble assigning meaning to the 
woid m each sentence, but the meaning is 
context specific Each time the woid appears 
they give it a new specific significance that 
fits the particular context rather than arriving 
at a general meaning that fits all the sentences 
in the senes The task demand of arriving at 
a general meaning is often dealt with at 
this stage by assigning “a meaning comprised 
of an aggregation of the context-specific 
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meanings For example, a 10-year-old first 
translated “contavish” as “cardboard” m the 
sentence “You can t fill anything with a con- 
tavish”, then as “room” in “The more you 
take out of a contavish the larger it gets”, 
and finally as “cardboard and room” when 
asked for a general meaning so that he then 
translated the second sentence mto ‘The more 
cardboard you take out of a room, the larger 
the room gets ” 

At the next stage children assign both a 
different specific meaning to the artificial 
words in each context and a general meaning 
Then they globally integrate “the specific 
meanings to the over-all meanmg in a vague, 
subsumption-like relationship ” That is, each 
specific referent is diffusely subsumed under a 
general class This pluralization means that 
the sentence contexts are discretely artic- 
ulated from each other For example, one 
child interpreted the word “pngnatus” as 
meaning “hit back” m “Boys sometimes png- 
natus their parents”, then as ‘lie” in “Mary 
did not know that Jane used to pngnatus ”, 
then as “holler at” in “Mother said, ‘Jimmy 
you should never pngnatus your own moth- 
er ”, and so on The overall meaning that 
the child assigned to “pngnatus” was “not 
respect your elders ” 

The development of the related operation 
of transposition follows pluralization as a 
means of trying actively to amve at an overall 
meanmg while retaining the word’s context- 
specific significance that is also syntactically 
adequate 

This demand is met by expanding the 
meaning of one context-specific solution — 
equating all the other context-specific mean- 
ings with that one solution This “equating” 
is done by means of such expressions of as- 
similation as “like-a,” “sort-of,” “kmd-of” 
(Werner and Kaplan, 1963, p 196) 

For example, an 11-year-old translated “cor- 
plum” as “bar” in “ Corplums may be used to 
close off an open place” and then translated 
“A corplum may be used for support” as “A 
leg of table may be used for support, bar 
fits — a leg of table is a sort-a bar ” Transposi- 
tion permits the structuring of a discrete sen- 
tence context “but the meaning of the cir- 
cumscribed vocable is not yet of a truly 
general character,” For this reason it does not 


yet have the most advanced character of a 
symbolic concept 

The final development of symbolic con- 
cepts described by Werner and Kaplan 
(1963) involves the formation of general 
meanings that transcend the specific contexts 
yet fit each particular manifestation in terms 
of both its semantic reference and its syn- 
tactic requirements They cite the following 
response as an example of this principled form 
of symbolization 

For pngnatus , one child gave he to as its 
meanmg m the first sentence Boys sometimes 
he to their parents, for the second sentence, 
the solution was cheat Mary did not know 
that Jane used to cheat , deceive was the solu- 
tion for the fourth sentence You may de- 
ceive someone but you will not get away with 
it often Deceive was then used to subsume 
both lie to and cheat, it was a word-meaning 
that could be fitted into all the sentence-con- 
texts without entailing either vague reference 
or syntactic distortion (Werner and Kaplan, 
1963, p 197) 

Concepts Now the full organizational and 
functional nature of conceptual schematiza- 
tion becomes manifest Concepts are the prod- 
ucts of mental acts All conceptual acts 
evaluate This evaluation is logical it seeks 
to come to a principled understanding of 
empirical actualities and hypothetical possi- 
bilities This evaluation is intentional it is 
directed toward transcending immediate prac- 
tical involvement m order to achieve some 
understanding for the sake of understanding 
This evaluation is esthetic it demands con- 
tinuing rotation of the problems and the so- 
lutions until a feeling of equilibrium — fittmg- 
ness and elegance — is achieved The resultant 
conception is not a static achievement but a 
dynamic process that points to certain judg- 
ments Conceptual judgments are, of course, 
evaluative acts, which is what initiated the 
entire process thus cognition comes full cir- 
cle At the same time, they are acts that eval- 
uate in a new light thereby suggesting new 
considerations, problems, and ideas for con- 
sideration, thus cognition develops Concep- 
tion 

is no ready-made path but a function 
of pathfindmg itself Intuition follows set 
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paths of combination, and herein consists its 
pure form and schematisms The concept, 
however, reaches out beyond these paths m 
the sense that it not only knows them but 
also points them out, it not only travels a 
road that is opened and known m advance 
but also helps to open it (Cassirer, 1957, p 
289) 

each newly asquired concept is an 
attempt, a beginning, a problem, its value 
lies not in its copying of definite objects, but 
in its opening up of new logical perspectives, 
so permitting a new penetration and survey 
of an entire problem complex one of its 
essential tasks is not to let the problems of 
knowledge come prematurely to rest, but to 
keep them m a steady flux, by guiding them 
toward new goals which it must first antic- 
ipate hypothetically Here again we find that 
the concept is far less abstractive than pro- 
spective, it not only fixes what is already 
known, establishing its general outlines, but 
also maintains a persistent outlook for new 
and unknown connections (Cassirer, 1957, p 
306) 

We are only now beginning to reveal some 
of the fundamental characteristics of the most 
mature forms of conceptual schematization, 
particularly as it manifests itself in scientific 
thinking (eg,, Snell, 1953, Kuhn, 1962) 
The study of sophisticated forms of think- 
ing not only gives us some understand- 
ing of advanced conceptual activity but it 
indicates to us, and reinforces Werners hy- 
potheses, about the intuitive sensorimotor pre- 
cursors of full-fledged concepts 

The ability to take into account more than 
one’s own subjective perspective seems to be 
one fundamental characteristic of sophisti- 
cated thought The product of perspectmism 
is the formation of concepts that are relative 
to the perspectives they must take into ac- 
count This is apparent m the development 
of spatial ideas that become progressively 
based upon integration of other perspectives 
with that of the constructing subject An 
ontogenetic illustration is the ability of older 
children to transpose rather than mirror the 
movements of others when imitating them 
Transposition in imitation indicates "the in- 
ternalization of the left-right distinction oc- 
curring m action and the representational 


coordination of perspectives” (Wapner and 
Cinllo, 1968, p 887) Thus spatial ideas be- 
come progressively detached from the sub- 
ject’s intuitive action and from concrete 
phenomenal relations First, they become ob- 
jectified as separate, concrete external con- 
tainers with contained objects Eventually, 
they become objectified as complex configura- 
tions for empirical examination and logical 
conceptualization 

A second major characteristic of advanced 
conceptual schematism is its progressive trans- 
parency Conceptual transparency means that 
the mental operations involved are increasingly 
those of formulating and manipulating sets 
of hypothetical principles These principles 
have their developmental foundation m con- 
crete acts But they become progressively de- 
tached from piagmatic, empirical intuitions 
Increasingly they become based upon a hy- 
pothetical attitude that is directed toward the 
intention to know and understand Principles 
therefoie become progressively founded upon 
the construction of a logical network of theo- 
retical possibilities This is clearest m scien- 
tific thinking, which constructs hypothetical 
principles — theoretical fictions or mathemat- 
ical functions — that are themselves not ob- 
servable yet are said to represent the essential 
and universal properties of reality. 

What we define as the ultimate physical 
reality has cast off all appearance of thing- 
ness there is no longer any meaning in speak- 
ing of one and the same matter at different 
times And yet the abandonment of 

thingness does not impair the objectivity of 
physics but grounds it m a new and deeper 
sense What we call the object is no longer a 
schematizable, intuitively realizable “some- 
thing” , in accordance with the definition 
which Kant worked out clearly m principle, 
it is a mere X "in relation to which representa- 
tions have synthetic unity” (Cassirer, 1957, 
p 473) 

Progressive transparency also means that 
the symbolic forms involved are increasingly 
those of constructing and manipulating stip- 
ulated conventions These conventions have 
their developmental foundations in expressive 
acts and models But they become progres- 
sively distanced from motivated, presenta- 
tional signifiers and become transparent ve- 
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hicular media for defining logical relations 
(Werner and Kaplan, 1963) Cassirer (1957) 
describes the epistemological development in 
the physical sciences from concrete concepts 
to principles 

a scientific principle, regardless of its 
particular character, belongs, if only because 
of its universal logical dimension, to a differ- 
ent sphere of validity it is fully expressed 
only m a univeisal proposition And every 
such proposition comprises a specific mode of 
postulation Its relation to the world of in- 
tuitive phenomena is mediated throughout — 
that is, it passes through the medium of sig- 
nification (p 461) 

A final, related characteristic of advanced 
conceptual schematism is its progressive heu- 
ristic potency The categorical concern with 
the construction of hypothetical possibilities 
means that conceptualization is now inten- 
tionally directed toward the creation of new 
forms that transcend empirical experience 
The intention is to create a psychological 
reality that has political, ethical, and esthetic 
as well as physical and logical form This 
psychological reality marks the final hierar- 
chic integration of objective and subjective 
systems m the creation of conceptual forms 
Its manifestation m scientific thinking is the 
formulation of theoretical principles that are 
logically coherent and esthetically elegant Its 
manifestation in personal thinking is the de- 
velopment of ideological cognition that not 
only makes rational sense but is emotionally 
satisfying 

CONCLUDING REMARKS 

A chapter of length at least equal to the 
piesent would have to be written m order to 
seriously evaluate the success of the com- 
parative orgamsmic perspective Also, it is 
obviously too soon to pass any definitive judg- 


ment upon the theory as a whole Yet it seems 
cleai that the approach has already borne 
fruit in a number of domains It has been 
most successful in the study of cognitive phe- 
nomena, particularly phenomena of concept 
and symbol formation It also has lich poten- 
tial for the investigation of personality and 
social development from a genetic episte- 
mological stance, but, to date, this potential 
remains relatively dormant except for some 
rudimentary stirrings (eg, Werner, 1948, 
Chaps XII and XIII, Kaplan, 1966a, Witkm, 
1962, Danger, 1969, pp 174-177, 1970, Kohl- 
berg, 1969) 

Ultimately, the genetic epistemological aim 
of comparative orgamsmic theory is to com- 
prehend the totality of mental life and its 
development This requires a holistic con- 
ception of mental acts since they are the 
stuff of — construct and generate the de- 
velopment of — mental life A holistic con- 
ception implies that mental acts are feelings 
as well as judgments This means that they 
are both conceptual and motivated acts the 
stuff of mental life and development is 
evaluative conduct 

It should be abundantly apparent by now 
that Werners overall aim was to fashion a 
theoretical perspective that would be appli- 
cable to the study of all mental development, 
whethei the primary puipose of the study is 
empirical, analytical, explanatory, descriptive, 
etc This theoretical stiategy rests upon the 
fundamental methodological assumption that 
all psychological investigations involve (1) a 
comparison of the invariant and changing fea- 
tures of the same mental phenomenon when 
it is m two states or (2) a determination of 
the similarities and differences in comparable 
mental phenomena This means that the law- 
ful investigation of psychological phenomena 
is at root developmental in nature And it 
means that a comprehensive account is pos- 
sible by ci eating a comparative psychology of 
mental development 
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HERBERT L PICK JR , AND ANNE D PICK 


I NATIVISM-EMPimCISM IN RELATION 
TO THE DEVELOPMENT OF 
SPACE PERCEPTION 

Perceptual development, at the intersection 
of the fields of perception and developmental 
psychology, has been included m the recent 
resurge of interest in both these fields The 
revitalization of interest m perception no 
doubt stems paitly from the failure of clas- 
sical leammg theory to handle adequately the 
stimulus input or even to define the effective 
stimulus In any case general experimental 
psychology has achieved a new balance, with 
perception again sharing a position of prom- 
inence In developmental psychology the dis- 
enchantment with the normative-descriptive 

1 This chapter was prepared while the first author 
held an NIH Career Development Award 5 
K03 HO 12396 and the second author held an 
NIH Postdoctoral Fellowship FD HD-32,895 
The work was also supported by NIH grant MH 
07631 to the University of Minnesota and by 
the Center for the Study of Human Learning 
at the University of Minnesota The reader is also 
referred to other general review articles on per- 
ceptual learning and development by Eleanor 
Gibson (Gibson and Olum, 1960, Gibson, 1963a, 
1963b) and by Wohlwil! (1960, 1966) These 
sources have been especially helpful to the pres- 
ent authors The authors are especially grateful to 
Professor Eleanor J Gibson for allowing us to 
read the manuscript of her forthcoming book. 
Principles of Perceptual Learning and Develop- 
ment (1969) Our long association with her and 
with Professor Richard D Walk, our former 
teachers has greatly influenced our ideas and ap- 
proach to the problems of perceptual development, 
and we are pleased to acknowledge our indebted- 
ness to them 


approach to the study of children has evolved 
into a more analytic investigation of the de- 
terminers of children's behavior 

A particularly important impetus to the 
study of perceptual development from the 
realm of developmental psychology is the 
work of Piaget Piaget s view that an early 
sensorimotor stage is a precursor of intellec- 
tual development and his observations of the 
spatial conceptions of children have inspired 
interest m children's perception At the same 
time, better techniques for measunng sensi- 
tivity m young childien have been developed 
These include use of unconditioned orienting 
responses (Bartoshuk, 1962a, 1964, Keen, 
1964, Engen, Lipsitt, and Kaye, 1963), con- 
ditioning procedures (Papousek, 1967), stud- 
ies of stimulus preference (Fantz, 1966, Ames 
and Selfan, 1965, Hershenson, 1964), and 
physiological techniques (Eichom, 1963) 

Another general impetus to the study of 
perceptual development is the importance 
attnbuted to early experience and sensory 
stimulation by Hebb and by the ethologists 
Indeed, Hebb’s ideas were developed m the 
context of peiceptual problems and the per- 
ceptual aspects of discrimination learning The 
ethologists' observations on the stimulus spec- 
ificity m imprinting and the specificity of 
releaser stimuli called the attention of psy- 
chologists to the importance of stimulus de- 
terminants of behavior and of the possibility 
of changes of such determinants with de- 
velopment 

These tiends all fell upon the background 
of a persistent concern of psychologists with 
the nature-nurture problem of perception — 
nativism versus empiricism Hochberg (1962) 
recently le viewed the history of the contro- 

773 
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versy, pointing out changes in the specific 
questions, methods of study, and interpreta- 
tion of results It is clear from his review that 
neither the strong empiricist nor the strong 
nativist position has been held for a long 
time These positions were, respectively, that 
all perception is based on prior experience 
which fell on an initially blank tablet of a 
mind, and that all perception is mdependent 
of piior experience and reflects the operation 
of an innate mmd The more typical and 
weakei positions have tended to emphasize 
just the role of pnor experience, on the one 
hand, or the role of innate processing mecha- 
nisms, on the other It is also clear from the 
Hochberg review that until recently few di- 
rectly studied the development of perception, 
rather, inferences were made about percep- 
tual development on the basis of introspection 
or experiments with adults 

Empirical and experimental work on the 
development of perception began fitfully in 
the 1930s and gamed great momentum m the 
1950s and 1960s As data directly relevant to 
perceptual development were accumulated, 
the nature of the nativism-empiricism ques- 
tion changed. In general, investigators no 
longer were concerned with proving the in- 
nate or the acquired character of a specific 
type of behavior Rather, they accepted a 
view of the interaction of heredity and envi- 
ronment m the development of perception 
and felt that the researchers' task was to de- 
fine the nature of this relation This change 
was perhaps instigated by some of the work 
on instincts by animal behavionsts (see Lehr- 
man, 1953) and by some of the work on the 
nature of intelligence (see Anastasi, 1958) 
Still, some of the problems of perceptual 
development were set by the long-standing 
nativism-empiricism controversy and are best 
understood m relation to these differing theo- 
retical viewpoints Both views focused on the 
paradox that our perception is better than it 
ought to be on the basis of a superficial analy- 
sis of the proximal stimulus This paradox was 
most vividly exemplified by the the phenome- 
non of depth perception, wherein we see three 
dimensions although the retinal image is a 
two-dimensional stimulus Both the nativists 
and the empiricists resolved this paradox by 
enriching the impoverished retinal image. The 
empiricists invoked the effects of past experi- 
ence* adding them to the present stimulation 


to produce a final resultant percept The na- 
tivists mvoked a physiological or pseudophys- 
lological mechanism to modify the effects of 
the present stimulation Although both groups 
addressed themselves to many aspects of per- 
ception, in recent years the investigation of 
depth perception seems to have been most 
closely associated with empiricists, whereas 
investigation of form perception has been 
more closely associated with nativists 

A. Development of Depth Perception 

Brunswik has developed the most explic- 
itly empiricist pomt of view currently con- 
cerned with depth perception (Brunswik, 
1956, Postman and ToJman, 1959) In this 
view most of the classical cues of de pth pe r- 
ception such as size of retinal image, degree _ 
of convergence of eyes, and lmear perspective 
form the basis of depth perception These ^ 
cues are utilized according to an individual's 
past experience with them The novel aspect 
of Brunswik's position is his suggestion that 
the cues are probabilistically weighted by 
the perceiver in terms of their validity, and 
this validity is an ecological variable which 
one can measure Indeed one of Brunswik’s 
students did measure the ecological validity 
for depth of such cues as brightness and ver- 
tical position in the visual field A typical ex- 
ample of his data was that the height of ob- 
jects m the visual field had a correlation of 6 
with their distance from the S (Postman and 
Tolman, 1959, p 552) Since in this theory 
accurate depth perception is based on prior 
experience with diffeientially valid cues, Bruns- 
wik would predict that depth perception 
should improve with age Some of his work 
onjthe -development of the perceptual con- 
stancies supports this prediction Of course, 
all variations of the empiricist pomt of view 
predict improvement of perception with age 
In the perception of depth there are obvious 
ways in which the effects of past experience 
could function It is understandable then that 
empiricist psychologists have addressed them- 
selves to this problem Before 1960 the stud- 
ies were confined exclusively to children of 
preschool age and above, and these will be 
reviewed presently. 

Since 1960 techniques for investigation of 
sensitivity m neonates and young infants have 
been developed to the point where it is quite 
feasible to investigate perception of depth at 
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this early age The reader is referred to Chap- 
ter □ (by Kessen) for details of these tech- 
niques It suffices to say here that so far 
procedures involving stimulus preference and 
operant canditionmg have been use d to assess 
infants' ability to perceive depth 
! Fantz (1961a) observed durations of eye 
fixations when infants of 1 to 6 months of age 
were presented with a disc and sphere of 
equal diameters Infants spent significantly 
more time fixating the sphere Fixation prefer- 
ences were tested using binocular and monoc- 
ular viewing, rough and smooth test stimuli, 
and direct lighting The most reliable prefer- 
ence for tihe sphere was manifest when tex- 
tured objects were illuminated by direct light 
The same preferences were manifest when 
viewing monocularly or binocularly If it is 
assumed that infants fixate the sphere longer 
because they detect its solidity, this result is 
surprising, it implies that the pictonal cues of 
shading and texture operate earlier than the 
“primary” cue of retinal disparity 
, The other stimulus preference method used 
to investigate infant depth perception em- 
ploys the visual cliff developed by Walk and 
Gibson (1961) In this technique the infant 
is placed on a centerboard between two glass 
surfaces onto which he can crawl The typical 
depth test consists of placmg a surface directly 
under the glass on one side and a surface at 
some distance below the glass on the other 
side A careful systematic program of re- 
search using this technique has been reported 
by Walk (1966) The visual cliff technique, 
of course, is applicable only to infants who 
can locomote and this usually occurs after 6 
months of age Using the most sensitive of a 
number of variations of the visual cliff pro- 
cedure, Walk found that better than 90% of 
infants at all ages (6j4 to 15 months) who 
respond m the cliff situation do avoid the 
deep side of the cliff. However, under certain 
conditions a number of babies who initially 
choose the shallow side can be coaxed across 
the deep side Some of these conditions are 
fewer older infants can be coaxed than 
younger infants, when the pattern under the 
deep side is more definitive (checks as op- 
posed to homogeneous surface) fewer chil- 
dren can be coaxed across; when the pattern is 
deeper on the deep side fewer children will 
cross, depth and definition of pattern are more 
important for the older infants than the 


younger It would seem therefore that al- 
though young infants can make the discrim- 
ination between the deep and shallow side, 
the increased motivation of coaxing can over- 
ride their normal avoidance of depth One 
further point of mterest is that older children 
who can be coaxed across the deep side have 
had significantly less crawling experience as 
defined by mothers' ratings of the time at 
which they started to crawl Thus although 
the infants can discriminate, an experiential 
factor is playmg a role in their performance 
in a depth situation 

Little work has been done directly with in- 
fants to ascertain the effective depth cues on 
the visual cliff One demonstration (Walk 
and Dodge, 1962) with a monocular infant 
indicated that retinal disparity was not a nec- 
essary condition for appropriate responding 
This result is congruent with the previously 
discussed results of Fantz 

Bower (1964, 1965a) used the generaliza- 
tion of an operant response to assess the ef- 
fectiveness of certain depth cues for infants 
In the first study (Bower, 1964) 70- to 85- 
day-old mfants were conditioned to turn their 
heads when a 12-inch cube was presented at 
a distance of 3 feet Bower then assessed gen- 
eralization of this response to a 12-inch cube 
at a distance of 9 feet, to a 36-mch cube at 
distances of 3 and 9 feet, and to the original 
conditioning stimulus. There was most but 
)not complete generalization to the 12-mch 
cube at 9 feet, next most to the 36-mch cube 
at 3 feet, and least to the 36-mch cube at 9 
feet ‘ This pattern of results is most easily in- 
ferpretable m terms of amount of change in 
physical size and physical distance' of the 
stimulus A change in either size or distance 
produces a decrement in responding and a 
change m both (36-mch cube at 9 feet) pro- 
duces the largest decrement As Bower points 
out, these results suggest that~such young in- 
fants are sensitive to variables specifying dis- 
tance and size-at-a-distance In particular, 
size of retinal image does not seem to be an 
important determiner of response since when 
that was invariant (36-mch cube at 9 feet) 
the least generalization of response occurred 
In the second study (Bower, 1965a) these 
results were rephcated^with slightly younger 
infants (40 to 60 days) under monocular 
viewing conditions, Also in the second study 
another group was trained and tested on two- 
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dimensional pictures of the displays used for 
conditioning and testing of the other groups 
In this latter case there was most generaliza- 
tion in "responding m the test condition m 
which the size and distance of the stimulus 
was changed, that is, the condition m which 
the retinal size of the stimulus was mvanant 
Bower interprets the different pattern of re- 
sults obtained for this two-dimensional group 
to imply that motion parallax (a cue available 
for all the other groups) is necessary to dis- 
cnminate between the sizes of objects at dif- 
ferent distances which project the same size 
retinal image 

In Bowers situation the change in response 
with a change m distance of the cube of 
course implies discrimination of depth That 
this is not just due to a change m size of ret- 
inal image may be deduced from the fact 
that a change m size of the stimulus elicits 
more generahzation than a change m size and 
distance which still leaves the retinal image 
size the same In essence. Bower s results im- 
ply a degree of size constancy m mfants as 
well as discrimination of depth Many investi- 
gators use size constancy as an indirect way 
of assessmg depth perception, under the as- 
sumption that it requires that an organism 
register distance This assumption may not be 
true and when possible should be directly 
verified as in Bower's experiments (see dis- 
cussion below on relation of size and distance 
judgments m older children) 

In summary, then, infants as young as 1 
month appear to discriminate some of the 
cues which specify depth Texture and shad- 
ing appear to be effective cues in eliciting 
fixation Binocular parallax is not a necessary 
cue, but nothing is known as to whether it 
would be sufficient for infants Retinal image 
size by itself does not appear to be a neces- 
sary or sufficient cue 

There are two distinctions that can be made 
in relation to infants' responses to depth The 
first is the distinction between preference and 
discrimination In any of the prefeience meas- 
ures of depth discrimination, failure to re- 
spond differentially does not imply lack of 
discrimination since there are obviously many 
reasons why a preference might not be mani- 
fest even though an organism is capable of 
discrimination It is clear that m this case 
positive results are meaningful but negative 
Results are not 


The second distinction is not as easily stated 
It involves the question of whether it can be 
asserted that infants or animals perceive 
depth or whether they are simply reacting to 
cues that are normally correlated with depth 
Here the term perceive is used to imply a 
sense of meaning This might be considered 
a purely philisophical question (and indeed 
one of the authors, A P , so considers it) 
However, there may be a sense m which it is 
psychologically meaningful As an example 
consider a nonverbal organism trained to re- 
spond differentially to one depth cue m iso- 
lation from others If this discrimination gen- 
eralized to all other depth cues in isolation, it 
could reasonably be argued that the response 
is made on the basis of the meaning of the 
cue, that is, depth This interpretation rests 
on the assumption that the physical similarity 
of one depth cue to another is not likely to 
give rise to so-called pnmai y stimulus gen- 
erahzation No such experiment has yet been 
done, but in principle it could be 

Assuming that young infants do respond to 
depth, this ability may nevertheless improve 
with age after infancy Two kinds of studies 
yield normative data on this question In one 
children are directly asked to make distance 
judgments or matches In the othei children 
are asked to make size judgments about ob- 
jects at different distances with the implica- 
tion that size constancy mvolves registering 
of distance — a questionable assumption, as 
previously noted 

As part of a more general study of the de- 
velopment of space perception, Smith and 
Smith (1966) asked children ranging m age 
from 5 to 12 and adults to perform a variety 
of tasks involving distance estimation These 
investigates found that reproduction of dis- 
tances by children m a free or unreduced 
viewing condition are as accurate as those of 
adults However, under reduced viewing con- 
ditions there is- improvement with age This 
pattern of results may suggest that ability to 
utilize specific but not necessarily all depth 
cues improves with age Alternatively, it may 
suggest that the redundant depth mfoimation 
provided by ordinary viewing situations is 
sufficient for even the youngest children to 
make precise depth judgments 

Studies investigating size constancy usually 
have shown improvement with age Typical 
of these studies is one done by Zeigler and 
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Leibowitz (1957), who asked Ss to match an 
adjustable comparison rod 5 feet away to a 
standaid rod whose distance was varied from 
10 to 100 feet The children tested (7 to 9 
years of age) showed less constancy than a 
group of young adults A somewhat different 
constancy experiment was conducted by Har- 
way (1963), who asked Ss to generate suc- 
cessive intervals along die ground away from 
themselves m 1-foot units A standard foot 
ruler was placed at their feet as a reference 
unit All Ss showed a piogressively increasing 
overestimation of the 1-foot units as the dis- 
tance away from themselves mci eased The 
younger Ss (5 to 10 years of age) showed 
considerably moi e overestimation than did the 
older Ss (12-year-olds and adults) There was 
a rather sharp break m performance between 
the 10- and 12-year-olds Other normative 
studies, for the most part showing such im- 
piovement m constancy with age, are de- 
scribed m WohlwiITs (1960) excellent review 
One step beyond simply establishing an im- 
provement m size constancy as a function of 
age is determining which, if any, depth cues 
change m effectiveness as a function of age 
The evidence with respect to retinal disparity 
as studied by stereoscopic vision is also re- 
viewed by Wohlwill (1960) The data are 
equivocal some studies show increased depth 
responses as a function of age and others do 
not Furthermore, the interpretation of some 
of the studies that do show a change with age 
is suspect because of the possibility that Ss 
could not focus on the stereoscopic images 
(Munn, 1965) One systematic study de- 
scribed by Wohlwill showing an age change 
is that of Leyer ( 1939) , who presented stereo- 
grams tachistoscopically to children 8 to 19 
years of age Here the age trend may have 
been due to difficulty by younger Ss in focus- 
ing or accommodating during a short expo- 
sure Johnson and Beck (1941) found stereo- 
scopic vision present m 2-year-olds They 
controlled the light stimulation entering the 
two eyes by using light differently polarized 
for each eye and appropriate filters over each 
eye The stereoscopic stimulus was that of a 
doll The images were projected on a screen 
an arm's length away from the child, When 
viewing the stereoscopic images S localized 
the doll as an adult would, about midway be- 
tween the screen and himself When one of 
the stereo images was turned off S localized 


the image on the screen A best guess at this 
point would be that stereoscopic vision does 
not improve with age, at least after infancy 
Furthermore, m nonstereoscopic binocular 
viewing Smith and Smith (1966) found no 
improvement in depth judgments with age m 
a relatively nch viewing stiuation noi m judg- 
ments of curvatuie of a surface in depth un- 
der relatively restricted viewing conditions 
Thus use of binocular cues m general may 
not change significantly with age 

Theie seems to be no information about 
the use of motion parallax by childien This 
is suipnsmg in view of a recent interest m 
self-pioduced movement as a factor in per- 
ceptual development, which will be discussed 
in connection with the effects of early experi- 
ence (Section IC) There also seems to be 
no specific information about the use of con- 
veigence as a depth cue as a function of age, 
m spite of the fact that this cue formed the 
basis of Berkeley’s ongmal empiricist-theory 
Wickelgren (1967) found a rather variable 
degree of convergence^ neonates presented 
with pattern stimuli, so it is unlikely that this 
could be an effective depth cue at birth Abil- 
ity to accommodate or focus the lens of the 
eye does change with age but appears to be 
at adult level by 6 months (Haynes, White, 
and Held, 1965) However, no studies have 
been done on the development of the use of 
accommodation as a cue to depth 

Theie is some information about the use of 
pictonal cues for depth perception Wohlwill 
(1962) studied lineai perspective He asked 
Ss of different ages to bisect a stimulus card 
piesented m a frontal plane The stimulus 
outline was the shape of a tiapezoid with the 
narrow end up as would be projected to the 
eye by a horizontal plane lectangle below 
eye level Various stimulus cards were used 
which had different amounts and regularity 
of texture In all cases the texture gradient m- 
ci eased fiom bottom to top again, which 
would be the case for a horizontal textured 
field projected to the eye All Ss made their 
bisection judgments too high on the card which 
would be predicted if they were responding 
to the linear perspective In general, their 
bias was greatei the denser the texture and 
the more regular the texture, both of these 
variables presumably provided more perspec- 
tive information The adults showed less bias 
than the children (first, fourth, and eighth 
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grades) It should be kept m mind that the 
task was objective bisection of the stimulus 
card <md not bisection of phenomenal depth 
Thu*; children not only are able to respond to 
the <a pth information of linear perspective 
but c t parently are less able than adults to 
ignore 

WoL vill has also directly studied the ef- 
fects on depth perception of texture uninflu- 
enced by perspective In one study (Wohlwill, 
1963a) he asked Ss to bisect fields extending 
away from themselves under mstractions 
which set them toward making objective judg- 
ments In another study (Wohlwill, 1965) 
he had Ss bisect photographic representations 
of the same fields presented m a frontal plane 
In the first study there was mcreasmg over- 
constancy as a function of age That is, the 
adults and older children made their bisec- 
tions further beyond a true bisection than the 
younger children In the second study with 
photographs Ss of all ages showed under- 
constancy, but the adults and older children 
again made their bisections further up than 
the younger children so at least the direction 
of age differences was consistent in the two 
studies In a very careful review of this gen- 
eral area Wohlwill (1963b) summarizes 
much evidence for trends toward constancy 
and overconstancy with age in both size 
constancy and distance judgments He further 
adduces a great deal of evidence to the effect 
that overconstancy is due to a judgmental or 
cognitive process This evidence is compelling 
but not without exception, and it must be 
reconciled with the fact that there is little 
correlation between intelligence and con- 
tancy (see Section IVA) 

Familiar size as a cue to distance was in- 
vestigated in a monograph by Smith and 
Smith (1966) They asked Ss ranging in age 
from 5 to 12 and adults to judge the distance 
of a baseball under both reduced and normal 
viewmg conditions Under the reduced condi- 
tions familiar size is presumably the effective 
depth cue All Ss overestimated the distance 
under both viewmg conditions, but the adults 
were more accurate than the children When 
the mean values of the judgments under re- 
duced viewing were corrected for the con- 
stant error existing under normal viewmg 
conditions (perhaps assuming that it was pro- 
duced by an artifact on the procedure) the 
age differences were less consistent but still 


seemed to be present Of course correcting 
the judgments m this way introduces a con- 
servative bias since the familiar size cue may 
also be operating under the normal viewing 
conditions Thus applying a correction factor 
from normal viewing could take the effect of 
the familiar size cue out of the results of the 
restricted viewing situation 

Smith and Smith also asked their Ss to 
make size judgments of the baseball Under 
reduced viewing conditions about 23% of the 
children (but no adults) made judgments 
closer to visual angle matches than to size 
constancy matches Under normal viewmg 
conditions only about 7% of the children 
did this An important point m this respect 
noted by the Smiths is that size judgments 
tended to be bimodally distributed around 
visual angle judgments and around size con- 
stancy judgments One implication of this is 
that the grouped data of many constancy ex- 
periments lying between size constancy and 
visual angle matchmg may be masking two 
separate distributions conforming rather 
closely to each kind of judgment 
One final point about such size and dis- 
tance judgment raised by the Smiths and by 
Wohlwill (1960) concerns the relation be- 
tween size and distance perception The 
classical size-distance invanance hypothesis is 
one possible relation It can be derived from 
the general empiricist point of view and one 
way of stating it is that for a given size of 
retinal image, size and distance judgments 
should be positively correlated An empiricist 
interpretation would be that we know from 
past experience that a given size of retinal 
image can be caused by large objects far 
away or small objects close by Wohlwill 
reviews evidence of Denis-Prmzhorn (1961) 
to the effect that size and distance judgments 
are positively correlated for children but not 
for adults This result is consistent with other 
studies of adults (eg, Gruber, 1954) On 
the other hand. Smith and Smith, correlating 
size and distance judgments for children and 
adults m four different tasks, find similar pat- 
terns of negative or no relationships for both 
age groups Thus the size-distance invariance 
hypothesis does not seem to hold for adults 
and the evidence is conflicting for children. 

A general view of the work on depth per- 
ception suggests that distance perception im- 
proves after infancy and there is a trend 
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toward overconstancy m size judgments 
However, there are a number of exceptions 
to these generalizations which suggest situ- 
ation-specific determiners of depth percep- 
tion There is a lack of systematic work on 
specific depth cues other than texture gradi- 
ents In this case the results are congruent 
with the precedmg generalizations 

The classical empiricist mterpretation of 
certam geometrical illusions is that suscepti- 
bility to the illusions depends upon incor- 
rectly perceiving two-dimensional figures as 
perspective representations of three-dimen- 
sional stimuli The Ponzo illusion (see Table 
I), for example, can be attributed to the 
mterpretation by Ss of converging lines as 
indicating depth through linear perspective 
This illusion was shown by Leibowitz and 
Heisel (1958) and Leibowitz and Judisch 
(1967) to increase with age from 4 to 20 
years Such a developmental increase is pre- 
dicted by the empiricist position since people 
are presumed to learn to use perspective cues 
as a function of experience 

The most recent and systematic exploration 
of the empiricist hypothesis about illusions is 
a cross-cultural investigation by Segall, Camp- 
bell, and Herskovitz (1963, 1966) Following 
Sanford (1908), they suggested that illusions 
such as the Muller-Lyer and Sander paral- 
lelogram (see Table 1) depend upon S in- 
terpreting oblique angles as right angles seen 
m perspective To present this hypothesis 
more concretely, consider the possibility that 
the Muller-Lyer figures are viewed as repre- 
sentations of sawhorses The portion of the 
illusion figure consisting of arrowheads and a 
lme segment would be a sawhorse with the 
top near S and the legs extending away, the 
portion formed by the arrow tails would be a 
sawhorse with the top away from S and the 
legs extending toward him The illusion then 
is attributed to the possibility that S interprets 
the two equal line segments on his retina as 
coming from unequal distances In such a 
case S infers that the one which is further 
away (formed by the arrow tails) is larger 
In general, such inappropriate interpreta- 
tions of two-dimensional cues are thought to 
depend on the degree to which the environ- 
ment provides stimuli having property sim- 
ilar to the cues In particular, the degree to 
which an S interprets right angles as oblique 
angles seen m perspective (as m the Muller- 


Lyer and Sander parallelogram) depends on 
the degree to which the environment is “car- 
pentered,” that is, contains right-angled ob- 
jects which would project oblique angles to 
the retina when viewed from most vantage 
points Similarly, it was suggested that the 
horizontal-vertical illusion is a function of the 
degree to which S interprets a vertical lme as 
the foreshortened projection of a line on a 
horizontal plane extendmg away from S This 
m turn was thought to depend on the degree 
of open horizontal surfaces in the environ- 
ment Such an expenence-based explanation 
of these illusions, of course, implies their de- 
velopment as a function of age 

To check this hypothesis, the susceptibility 
to the Muller-Lyer-Sandei parallelogram and 
horizontal-vertical illusions was assessed in Ss 
from 15 cultures which varied widely in the 
degree of “caipentermg” of environment and 
m the local geography These cultures ranged 
from rural African to urban Western The 
data seemed to support to a considerable ex- 
tent the hypothesis with respect to the Muller- 
Lyer and Sandei parallelogram illusions and 
to a lesser extent the horizontal-vertical illu- 
sion However, developmental data on the 
Muller-Lyer illusion from this study and a 
number of other studies generally concur in 
finding a decrease m magnitude of illusion 
with age Segall, Campbell, and Herskovitz 
argue that this result is not completely dam- 
aging to their thesis since most of the devel- 
opmental data are from school-age children 
and by this time the carpentenng of the en- 
vironment may have had its effect 

Pollack (1969) has argued against the em- 
piricist mterpretation of the cross-cultural dif- 
ferences m susceptibility to the Muller-Lyer 
and Sander parallelogram illusions His sug- 
gestion is that anatomical or physiological 
characteristics such as retinal pigmentation 
provide a more likely explanation He sup- 
ported this suggestion with evidence that Ss 
with higher foveal pigmentation manifest less 
susceptibility to the Muller-Lyer illusion 
(Pollack and Silvar, 1967) It may be that 
differences m foveal pigmentation are a func- 
tion of environmental factors Pollack has 
found an inverse correlation between mag- 
nitude of Muller-Lyer illusion reported for the 
various cultuies and a combination measure 
of the environmental variables nearness to 
equator, amount of sunshine, and density of 
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forest cover The implication is that these 
variables are related to density of retinal pig- 
mentation In short, the argument is that 
the cross-cultural differences found by Segall, 
Campbell, and Herskovitz are not a function 
of the degree of environmental “carpentering” 
but of differences m retinal pigmentation 
Before leaving the topic of depth percep- 
tion it is well to consider some evidence that 
depth information can play an important role 
m other psychological processes Several in- 
vestigators have noted the ease with which 
children can learn a discrimination between 
stereometric objects as compared with two-di- 
mensional projections of these objects Steven- 
son and McBee (1958), for example, found 
that children can leam to discriminate among 
cubes faster than among painted squares or 
square cutouts A recent study (Dombush 
and Wrnnick, 1966) investigated whether 
such differences might not be due to the 
greater amount of stimulus information pro- 
vided by three-dimensional stimuli such as 
perspective information In one experiment 
they taught one group of Ss (5- and 7-year- 
old children) to discriminate between a cube 
and a parallelepiped of the same depth A 
second group of Ss was trained to discrimi- 
nate between a square and rectangle The 
5-year-olds learned the stereometric discrim- 
ination faster than the two-dimensional dis- 
crimination There was no difference for the 
7-year-olds In a second experiment one 
group of children was taught to discriminate 
between two-dimensional perspective repre- 
sentations of the stereometric stimuli of the 
first experiment and a second group of children 
was again taught to discriminate between 
the square and rectangle The 5-year-olds 
learned to discriminate between the per- 
spective drawings more quickly than between 
the square and rectangle Moreover, the ab- 
solute numbers of trials to learn the stereo- 
metric discrimination and the perspective 
discrimination were similar, as were the num- 
ber of trials to leam the pattern discrimina- 
tion m the two experiments (Again, no 
difference was found for the 7-year-olds ) 
Thus for younger children the perspective in- 
formation of stereometric stimuli may be an 
important factor m the ease with which such 
stimuli are discriminated 
However, there are others differences be- 
tween planometnc and stereometric stimuli 


that might also be contributing factors and 
that should be investigated These include 
the motion parallax resultmg from Ss move- 
ment m relation to a stereometric stimulus 
which is absent when moving in relation to 
a painted pattern stimulus It is certainly the 
case that differences between stereometric 
and pattern stimuli are easily detected, that 
is, teaching a child to discriminate between 
a stereometric stimulus and a painted pro- 
jection of the stimulus is very easy It has 
been shown that this discrimination is easier 
than the discrimination between horizontal 
and vertical stripes for rats, infant monkeys, 
and children (Tighe, 1964, Tighe and Tighe, 
1966) Such a stimulus difference can be con- 
sidered to define a stimulus dimension of 
three-dimensionahty This dimension appears 
to be a very prepotent one and deserves more 
study 

B. Development of Shape Perception 

It is appropriate to begin a consideration 
of the development of shape perception m the 
context of Gestalt psychology with its nativistic 
emphasis It is not that empmcists have noth- 
ing to say about perception of shape — indeed 
the same kind of analysis that they make of 
size constancy can be made with shape con- 
stancy (That is, it could be argued that Ss 
independently register shape of retinal image 
and stimulus slant and combine these to yield 
a vendically perceived shape ) Rather, the 
Gestalt psychologists contributed some of 
their most striking ideas to the study of shape 
perception In this context the Gestalt laws 
of organization — proximity, good continua- 
tion, symmetry, etc — were formulated and 
m this context figural after-effects formed the 
basis of Gestalt physiology The Gestalt ob- 
servation that figure-ground discrimination is 
a primitive organization of perception has 
often been applied to shape For example, a 
contour is seen as belongmg to the figure and 
not to the ground and the ground is seen as 
continuing behind the figure The position 
holds that we see things the way we do be- 
cause our brain functions m a certain way 
The Gestalt laws of organization, for example, 
are thought to reflect the biases of brain 
process as they interact with particular pat- 
terns of stimulation Thus a "good form” such 
as a circle will be seen under more rapid 
tachistoscopic exposure or will be remem- 
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bered for a longer time than would an irreg- 
ular polygon In any case, shape perception, 
except m a very restricted way (eg, figuial 
after-effects), should not depend on prior ex- 
perience 

Shape perception in infants has only re- 
cently been directly studied Fantz (1963, 
1966) employed his prefeience technique 
first to show that infants, even neonates, 
could discriminate between complex forms 
He, as well as a number of other investiga- 
tors, vaned the stimuli presented to the infant 
to determine the stimulus dimensions to 
which they were attending The reader is 
again referred to the chapter by Kessen for 
a thorough discussion of this work and to the 
section on attention (VI) of the present chap- 
ter for additional consideiation of these 
studies 

Bower has employed measures of response 
generalization to assess directly the function 
of certain Gestalt laws m infancy In one 
study (Bower, 1965b) he used inhibition of 
an unconditioned sucking response to a “sur- 
prising” stimulus as an index of an infant's 
sensitivity to perceptual unity For example, 
infants were shown a pair of vertical lods mov- 
ing together from side to side After they had 
been habituated to this and no longer ceased 
sucking upon presentation of the display 
it was changed Now the rods moved toward 
and away from each other For one change 
the height-separation ratio of the rods was 
kept constant so they projected the image of 
a rigid pair of rods approaching or leceding 
from S For the second change the rods had 
constant height so they project an image of 
two objects moving together and apart This 
latter image of a pieviously ngid configuia- 
tion of two rods might be surprising as a dis- 
ruption of “common fate ” The sucking rate 
of 10-week-old infants was m fact signifi- 
cantly suppressed when they were shown the 
second display change as compared with the 
first Two other displays constructed on anj^ 
ogous principles to exemplify the Gestalt 
properties of proximity and continuation did 
not result m differential responding until 40 
weeks of age In a second study Bower 
(1967) again used the generalization of an 
operant response and was able to show that 
good continuation may be an effective shape 
variable for 5-week-old infants, although sim- 
ple proximity still was not These imaginative 


experiments of Bower aie excellent demon- 
strations of techniques for investigation of 
complex perceptual problems m infants How- 
ever, the paiticular choice of stimuli permit 
alternative explanations and the small number 
of stimuli limit the geneiality of the results, 
thus restricting the theoretical implications 

Bower (1966) has reported a somewhat 
more systematic exploration of shape con- 
stancy m infants This study again employed 
generalization of an operant response, in this 
case head turning The experiments involved 
conditioning an infant to lespond to a par- 
ticular shape at a particular slant, then testing 
for generalization to stimuli which (1) were 
physically the same shape, but were at dif- 
ferent slants and piojected different retinal 
images, (2) were physically different shapes 
but were at the same slant and projected dif- 
ferent retinal images, and (3) were physi- 
cally different shapes and were at different 
slants but projected the same retinal image 
In all the experiments the first condition elici- 
ted the most generalization, that is, there was 
shape constancy On the basis of these data 
Bowei argues quite convincingly that the em- 
piricist position of independent registry and 
subsequent combination of shape of projected 
images and slant must be incorrect He con- 
cludes that infants are set to lespond to 
highei -order mvanants specifying shape-at-a- 
slant and that they ignore the lower-order 
invariants of simple slant or image shape 

It is clear, in summary, that infants, even as 
neonates, can discriminate among some as- 
pects of shape Just what the stimulus de- 
terminants are is not always cleai The work 
of Bower certainly suggests that infants re- 
spond to some very complex parameters of 
shape, but much more systematic work is 
needed befoi e the nature of these parameters 
is understood Some othei possibilities will be 
considered m connection with the discussion 
of attention 

Considerable work has been done on vari- 
ous Gestalt factois m shape perception with 
older children There have been several stud- 
ies of figure-ground relations m children Wer- 
ner and Strauss (1941) and Dolphin and 
Cruikshank (1951), for example, examined 
the possibility that figui e-ground differentia- 
tion was poorer m retarded children than m 
normals Their results suggested that brain- 
damaged childien (but not all retardates) are 
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more oriented to ground than normal chil- 
dren, who are figure oriented Spivack 
(1963) has suggested that these results may 
be due in part to the use of a different re- 
sponse criterion by the bram damaged He 
himself (Spivack and Levine, 1959) provides 
some evidence that bram-damaged children 
show less reversal than normal children m 
stimuli with ambiguous figure-ground rela- 
tions such as the Necker cube and the Shroe- 
der staircase 

Elkind and Scott (1962), usmg a greater 
variety of ambiguous figures with children m 
nursery school and first, second, and third 
grades, found an increasing ability as a func- 
tion of age to name alternative figures of the 
stimuli They also found a correlation of 43 
between IQ and number of figures named 
Botha (1963), studying nursery school chil- 
dren, looked at the effect of pre-exposure on 
the reversal of an ambiguous figure The stim- 
ulus could be seen either as a black figure on 
white ground or a white figure on black 
ground The children were pre-exposed pre- 
dominantly to one or the other of the two 
alternative ways of organizing the stimulus 
Then they were shown the ambiguous stimu- 
lus They reported seemg the alternative pre- 
sented less often m the pre-exposure This 
was also true of semiliterate natives but not 
of educated adults The latter always reported 
seemg the black-on-white alternative, which 
the author attributes to long experience read- 
ing black print Elkind, Koegler, and Go 
(1962) also conducted a pre-exposure experi- 
ment with ambiguous figures This study was 
m fact a training experiment with 6-, 7-, and 
8-year-olds They were shown one set of am- 
biguous figures as a pretest, then a second set 
as a training set of figures, and finally the 
original set of figures as a posttest The chil- 
dren were asked in the tests to report what 
they saw while looking at the ambiguous 
figures Training consisted of giving success- 
ively more complete clues as to what the al- 
ternative organization of the figure might be 
The children of all three ages improved from 
pretest to posttest m the number of figures 
named and they retamed this improvement 
over a 1-month interval In addition, there 
were significant age differences in both the 
pretests and posttests, with the older children 
reporting more figures than the younger. 
However, this experiment was weak insofar 


as there was no control group to assess the 
effect of repeated presentation of the stimuli 
on pretest and posttest without the interven- 
ing training 

Other investigations of children conducted 
m the Gestalt tradition include studies of em- 
bedded figures, part-whole identifications, and 
identifications of mcomplete figures Ghent 
(1956) conducted an investigation of the 
ability of children 4 to 8 years old to identify 
ovei lapping and embedded figures When 
overlappmg figures represented real objects 
the childien named the objects, when they 
weie oveilappmg geometric figures the chil- 
dren identified the objects from an an ay, and 
when embedded figures were used the chil- 
dren had to trace out the hidden figure which 
matched the sample given them Reliable age 
differences were found, with the older chil- 
dren bemg able to make more identifications 
than the younger In addition, the children 
found the embedded figures more difficult 
than the overlapping realistic figures, which 
in turn were more difficult than the overlap- 
pmg geometric figures This result must be 
accepted with caution because of the differ- 
ences m procedure among the three tasks and 
lack of control for order effects 

Part-whole identification m children has 
been studied by Elkind, Koegler, and Go 
(1964) They showed children figures which 
consisted of objects arranged to form larger 
objects For example, candy canes were ar- 
ranged m the shape of a scooter The child 
was asked to describe each figure and was 
scored on whether he mentioned the parts 
only, the whole figure only, or both parts and 
whole “part” responses diopped from 71% 
at 4 years of age to 21% at 9 years of age 
Over this age lange “whole” responses vary 
from 17 to 0%, while “part and whole” re- 
sponses increase from 11 to 79% On the sur- 
face these data do not seem to support the 
Gestalt view that perceptual development 
proceeds from global to analytic or that stim- 
uli become more articulated However, in 
such studies it is very difficult to control for 
the specific properties of the stimuli compris- 
ing the parts and the whole — their meaning- 
fulness, their discrimmability, etc Thus it is 
difficult to make unequivocal interpretations 
of the results. 

The perception of mcomplete figures has 
been compared m children and adults m a 
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senes of studies by Gollm (1960b, 1962, 
1965) In vanous experiments he showed Ss 
ranging from preschoolers {2 l / 2 years) to 
third graders and adults mcomplete pictures 
which were made by eliminating large por- 
tions of the contour of line drawings of ob- 
jects such as a shoe Their task was simply to 
identify the picture In one experiment suc- 
cessively more complete pictures were pre- 
sented until S was able to identify the picture 
correctly In other experiments only the most 
incomplete picture was ever shown In gen- 
eral, as would be expected, the older Ss per- 
formed better than the younger Ss For ex- 
ample, m one study the correlation between 
recognition ability and CA was 66 In many 
of the experiments Gollm was interested in 
training Ss to improve then: recognition scores 
Typically the training involved pre-exposure 
(naming or serial leammg) to the complete 
outline figures or moderately mcomplete fig- 
ures and then testing for effect of training 
with very mcomplete outlines of the same 
figures The adults benefited more than the 
children when the training was on the com- 
plete outhne figures, but there was no age 
difference when the training was on the mod- 
erately mcomplete figures This interaction 
between the variables of figure completeness 
and age might be due to the fact that there 
is a greater difference between the training 
stimuli and test stimuli when the complete 
figures are used for training than when the 
moderately incomplete figures are used Older 
Ss with higher MA may be able to make this 
transfer better than younger Ss 

Some support for this hypothesis is found 
in another experiment in which Golhn found 
that Ss with higher IQ or higher CA were 
able to recognize the mcomplete figures better 
after training on the complete figures Potter 
(1966) has studied the recognition of figures 
impoverished by blurring rather than deletion 
although not from a Gestalt-theoretical point 
of view The emphasis m this study was on 
cognitive factors in recognition In general, 
adults recognized figures with more blurring 
than did children However, older children 
and adults, perhaps because of more inte- 
grated responding, were more hindered by 
forming early hypotheses about the nature of 
a blurred figure than were younger children 
The older Ss required relatively more focus- 


ing of the figure than did younger Ss after an 
incorrect hypothesis had been made 

One additional study of Gestalt properties 
should be mentioned This is a study by 
Graham, Berman, and Emhart (1960) of the 
ability of preschool childien to copy forms 
Children 2}4 to 5 years weie asked to copy 
vanous forms including a straight line, a dia- 
mond, and other curved and straight line fig- 
ures Each reproduction was judged on 
whether it was more or less "primitive” than 
the original m terms of Werners (1957) cri- 
teria of simplification, increased closure, and 
increased symmetry As Werner would pre- 
dict, simplification and increased closure were 
more common in younger children than in 
older, but so were their opposites, complica- 
tion and decreased closure (or opening) of 
the figures There was moie mcrease of sym- 
metry in the youngei children than m the 
older, which is also m accord with Gestalt 
expectation The reproductions were also 
judged for accuracy on several characteristics 
form, curvature or linearity, openness or 
closedness, orientation, size relationship of 
parts, and accuracy of intersections There 
was improvement in accuracy for all these 
characteristics as a function of age The au- 
thors conclude that such a simple quantita- 
tive change of accuracy is a better descrip- 
tion of improvement than a change m the 
Gestalt properties Although there have been 
numerous studies of children's ability to copy 
forms using the Bender Gestalt test, by and 
large these studies have not bioken down the 
results by type of error (eg, Koppitz, 1960) 
Where the results have been so classified 
(eg, Quast, 1961), the scoring categories 
have not for the most part been relevant to 
Gestalt pioperties However, these scoring 
categories may have intrinsic merit and the 
reader is referred to Quast (1957, 1961) for 
such an analysis 

It is clear horn a consideration of the van- 
ous studies m the Gestalt tradition that there 
are developmental changes better identifica- 
tion of the alternative organization of reversi- 
ble figures, better identification of embedded 
figures, more identification of the parts and 
the whole of stimulus configurations, and 
better recognition of incomplete figures Al- 
though many of these studies are in- 
trinsically interesting, the general implica- 
tions of the results are not really clear since 
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the relevant stimulus dimensions are not 
clearly specified This has been the traditional 
problem with the Gestalt propeities and it 
has not been solved m these studies with 
children There have been some provocative 
attempts at such specification with adults For 
example, Hochberg and McAlister (1953) 
and Attneave (1954) independently sug- 
gested an information theory metric that may 
define the property of good organization 
Hochberg and Brooks (1960) used a varia- 
tion of this measure to predict whether am- 
biguous figures would be seen as two- or 
three-dimensional Usmg children as Ss, 
Hochberg and Brooks (1964) also showed 
that this measure predicted which of several 
two-dimensional representations of a geo- 
metnc solid would be chosen as most like the 
real solid However, no direct age compari- 
sons of the predictive value of this measure 
have been made Such comparisons would 
be qmte interesting 

Not all investigation of the development 
of shape perception has been done m the 
Gestalt tradition There have been at least 
two other types of investigation One, con- 
ducted most systematically by Soviet psychol- 
ogists, is an exammation of the perceptual 
activity of S while he is identifying or dis- 
criminating shapes In a series of studies con- 
ducted in Zaporozhets’ laboratory, Zinchenko 
and other colleagues (Lavrent’eva and Ruzs- 
kaya, I960, Taiakanov and Zinchenko, 1960, 
Zinchenko, 1957, 1960, Zinchenko, Chzhi- 
tsin, and Tarakanov, 1962, Zinchenko, Lomov, 
and Ruzskaya, 1959, Zinchenko and Ruzs- 
feaya, 1960a, 1960b) investigated the eye 
movements involved m visual discrimination 
of shape and the hand movements involved m 
haptic discrimination of shape These studies 
of children from 3 to 7 years have been re- 
viewed elsewhere (Pick, 1964) It should be 
noted here, however, that at very young ages, 
when shape identification was poor, children 
tended to concentrate their eye or hand 
movements around the interior of objects and 
the movements had little relation to the 
shape At intermediate ages the movements 
of the receptor organs conformed rather 
closely to the contour of the shape. With 
older children the movements became very 
abbreviated, they included points on the con- 
tour but jumped quickly around and did not 
at all trace the contour, It also is interesting 


to note that these investigators started with 
the Berkleyian idea that touch teaches vision 
but were foiced by their data (precise identi- 
fications earher by vision than by touch) to 
reject this hypothesis 

A second type of study of the perceptual 
development of shape not m the Gestalt tradi- 
tion is one exemplified by Gibson, Gibson, 
Pick, and Osser (1962) In such studies the 
stimuli are constructed so that inferences can 
be made about the perceptual process from 
an analysis of the discrimination errors This 
study by Gibson et al was conducted as part 
of a project investigating basic piocesses in- 
volved m reading, and its immediate goal was 
to trace the development of children’s ability 
to discriminate letter! ike forms An analysis 
of printed capital letters was made and a set 
of standard nonsense line drawings was con- 
structed following various constraints found 
m the real alphabet For each standard form 
four classes of transformation were generated 
rotations and reversals, changes of straight 
lines to curves and vice versa, topological 
transformations (adding or subtracting a 
piece to the standaid), and perspective trans- 
formations (tilting the standard and repro- 
ducing the projected view) The children 
were shown a standard form and an array 
containing the transformations and some 
exact copies of the standard They were 
asked to pick out all forms identical to the 
standard Children at all ages (4 to 8) tended 
to confuse the perspective transformations 
with the standard and few children at any age 
tended to confuse topological transformations 
with the standard Rotations and reversals and 
line-to-curve changes were confused with the 
standards by the young children but not by 
the older children The greatest improvement 
m these latter discriminations came around 5 
to 6 years when the children were presum- 
ably learning to read m school The authors 
suggest that the kinds of discrimination the 
child was making m his everyday life trans- 
feired to form discrimination This hypothesis, 
admittedly post hoc, accounts for the results 
quite well, although it should be recognized 
that the particular values of the specific trans- 
formations of the standard (eg, perspective 
transformations were projected views of stand- 
ards tilted 45°) might have affected the re- 
sults, The hypothesis is particularly interest- 
ing m two respects It suggests that children 
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transfer perception of critical features from 
one situation m their environment to another 
and m fact to a completely novel situation 
(see also Section VIC) It also suggests that 
transfer occurs easily from three-dimensional 
to two-dimensional stimuli 

Another experiment m which inferences 
about the perceptual process are made from 
errors m discrimination is one reported by 
Kerpelman and Pollack (1964) In this study 
4-, 5-, and 6-year-old children had to select 
from a circular array of shapes one that was 
identical to a standard shape m the center 
One hypothesis investigated was that children 
of different ages might respond on the basis 
of different parts of shapes The shapes were 
either irregular pentagons or only the tops, 
bottoms, or centers of these pentagons In all 
conditions performance improved with age 
and for all ages bottoms were easiest to iden- 
tify and centers most difficult The easy lden- 
tifiability of the bottoms may have implica- 
tions for certain hypotheses about scanning 
behavior m shape perception For example, 
Ghent (1961a) has argued that children tend 
to scan shapes from top to bottom (see Sec- 
tion IIIB) and the present results might seem 
inconsistent with that hypothesis However, 
it is difficult to generalize confidently from 
these data without a careful analysis of the 
differences between specific shapes, perhaps 
the bottoms are more different from each 
other than the tops 

Research on the development of shape per- 
ception (as well as on shape perception in 
adults) is hampered by a lack of a good metric 
for shape This is especially important for 
inferences about shape perception from error 
analysis smce such analysis depends on the 
relation between shape differences and errors 
If the stimulus differences are not quantifiable 
or if they are not psychologically meaningful, 
they are not likely to advance our under- 
standing The shape differences m the study 
by Gibson, Gibson, Pick, and Osser seemed 
to be psychologically meaningful Othei re- 
cent studies of shape perception have used 
stimuli generated on the basis of concepts 
from information theory These shapes have 
certain mathematical properties but the dif- 
ferences between them may not be relevant 
to the differences between shapes m the real 
world. Finally the obvious comment should 
be made that the two approaches — the focus 


on receptor organ activity and error analysis 
in the study of shape perception — should be 
combined Not only could the results of one 
procedure verify the conclusions of the other, 
but by showing points of mconsistency further 
insight mto the process of perception would 
be gamed [For a general theoretical analysis 
of the problems of shape perception the 
reader is referred to Uhr's (1963) discussion 
of the problems encountered m computer 
recognition of shape ] 

How does shape perception mteiact with 
perception of other stimulus attributes? Re- 
cently there has been considerable interest m 
the relation between color and form percep- 
tion The problem has focused on the old ob- 
servation of Brian and Goodenough (1929) 
that younger childien match stimuli on the 
basis of coloi rather than form and older chil- 
dren do the opposite The methodology of 
older studies of this phenomenon has been im- 
proved and the effects of such stimulus di- 
mension preferences on learning have been 
explored 

The two currently most active researchers 
in this area are Corah (1964, 1966) and 
Suchman (Gaines, 1964, Suchman, 1966, 
Suchman andTrabasso, 1966a, 1966b) Corah 
has been interested in the possibility that the 
color preferences typically found for young 
children may be based on a difference m at- 
tention between younger and older children 
It may be more difficult for a young child to 
attend to the contour of a figure than to the 
whole colored configuration In one study 
(Corah, 1966) this hypothesis was investi- 
gated by varying the amount of color and 
complexity of contour It was reasoned that 
if the amount of color was reduced, the pref- 
erence would be reduced and if the complex- 
ity of the contour was mcreased, the prefer- 
ence for color would be increased since the 
complex contour would be more difficult to 
apprehend A group of young children (4% 
years) and a group of older children (8J4 
years ) were given a matchmg-to-sample task 
The sample form was presented above two 
comparison forms One matched the sample 
in shape and the other in color The child's 
task was to pick the comparison stimulus most 
like the sample Three types of problems were 
presented (1) the shapes were very simple 
and very different (eg, square and circle), 
(2) the shapes were simple but the comparison 
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shapes were similar to the sample (eg, a 
square and rectangle), and (3) the shapes 
were complex (pentagons) and the compari- 
son shapes were similar to the sample shapes 
In all three problems the colors were red, 
blue, and green but for half the problems the 
shapes were solidly colored and for half the 
problems just the outlines of the shapes were 
colored As hypothesized for the younger 
children, there were more color responses 
with the solid colored and more complex 
shapes However, overall these childien made 
more form than color responses For the older 
childien there were no color responses under 
any of the conditions 

Suchman has been interested m the rela- 
tion between coloi-form preference and abil- 
ity to discriminate In one of her studies 
Suchman (1966) compared 7- to 12-year-old 
hearmg and deaf children One of the two 
preference tests involved comparisons of three 
stimuli that varied in color, shape, and size 
The stimuli were so selected that any pair 
had the same value on one of these dimen- 
sions but differed on the other two The S’s 
task was to choose the stimulus of the three 
he considered to be different 2 * * S In both this 
test and a sorting test of the Weigl or Gold- 
stein-Scheerer type the hearmg childien dis- 
played a preference for form and the deaf 
children for color Furthermore, m discrimina- 
tion tests of color and of form the hearing Ss 
discriminated form more accurately than the 
deaf Ss and the deaf Ss discriminated color 
more accurately than the hearing Ss Al- 
though this seems to support a hypothesis of 
relation between preference and discrimina- 
tion accuracy, the results of a direct compari- 
son between children (both deaf and hearmg) 
who preferred form and those who pre- 
ferred color did not show a statistically sig- 
nificant relation between their preferences 

2 It should be pointed out that this procedure 

involves asking Ss to attend to differences be- 
tween stimuli, whereas the more traditional 

matchmg-to-sample procedure involves Ss attend- 
ing to similarities Although these procedures 
may be logically equivalent, they may not be 
psychologically equivalent It is possible that an 

S will attend to different stimulus dimensions 
when asked to look for similarities than when 
he is asked to look for differences This possibility 
should be kept in mind when interpreting dimen- 
sional “preferences ” 


and accuracy of discrimination Also, no re- 
lation was found in this study between color 
or form preference and performance m a 
discrimination learning problem m which the 
relevant cues were color or form However, 
m another study (Suchman and Trabasso, 
1966b) with 2- to 6-year-old healing Ss such a 
relation was found That is, color or form 
preference facilitated learning when the pre- 
ferred dimension was the relevant one 
The difference in preference between deaf 
and hearing Ss is quite interesting since it 
suggests a very unexpected influence of early 
sensory deprivation on saliency of stimulus 
dimensions This is a reliable result replicat- 
ing an earlier study (Games, 1964), and it is 
not based on intellectual differences since the 
heanng and deaf children weie matched for 
IQ and age The underlying explanation for 
this difference m preference is not clear 
In spite of the interest m the relation be- 
tween stimulus dimension pieference and dis- 
crimination ability no one investigating such 
pieferences has equated the discrimmabihty 
of the stimulus differences on the basis of 
psychophysical experiments If the young 
child’s color preferences and the older child’s 
form prefeiences merely reflect greater dis- 
crimmability of the preferred dimension, the 
results are somewhat less interesting than if 
a preference is manifest independently of 
discrimmabihty It is also the case that most 
of the pieference studies have utilized only a 
few colors and shapes These dimensions 
should be sampled widely in order to general- 
ize the results to color and foim as stimulus 
dimensions Howevei, there are large numbers 
of studies using slightly different procedures, 
forms, and colors which typically find a 
greater degree of form prefeience m older 
children Such consistency aigues that this 
preference is a real one and not an artifact of 
the particular stimuli used Quite interesting 
but not so consistently reported is the obser- 
vation of a shift from form to color preference 
at a very early age (Brian and Goodenough, 
1929) 

Another stimulus dimension preference has 
been observed by Klein ( 1963 ) He noted that 
m tactual matching young children tend to 
match stimuli on the basis of texture, whereas 
older children tend to match on the basis of 
shape, Again the texture differences and the 
shkpe differences were not equated for dis- 
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crimmability and the results are limited to 
the shapes and textures used in this one study 
smce no other work has been reported 
Tactual perception of shape is a problem 
that has recently elicited considerable interest 
One type of tactual problem is analogous to 
the overlapping and embedded figures stud- 
ied m the context of visual shape perception 
Gollin (1960a, 1961) asked children and 
adults to discriminate tactually a figure made 
up of tacks placed m plywood Their task 
was to indicate whether two figures were the 
same or different In half of the pairs the fig- 
ures were masked by having tacks of a dif- 
ferent size placed at random around the basic 
figures The remaining pairs were unmasked 
figures, that is, just the tacks defining each 
figure were present Adults were better than 
first- through third-grade children at discrim- 
inating both types of figures Masking the 
figures resulted m a decrement in the chil- 
dren's performance but not in the adults' 
performance Also, adults and older chil- 
dren showed facilitation in discriminating the 
masked figures after tactual experience with 
the unmasked The greater ability of older Ss 
in this task is similar to that found by Ghent 
(1956) for visually embedded figures, as has 
previously been discussed 

Other developmental studies of tactual 
shape perception have investigated stimulus 
properties in relation to shape discrimination 
Heimehn and O'Connor (1961) used unfa- 
miliar Greek and Russian letters in tactual 
and visual matching tasks They found that 
retarded children were more accurate tactu- 
ally than visually Medmnus and Johnson 
(1966) failed to replicate this result, how- 
ever, so the status of this finding is unclear 
Soviet investigators (Lavrent'eva and Ruzs- 
kaya, 1960, Tarakanov and Zinchenko, 1960, 
Zinchenko, 1957, 1960, Zinchenko, Chzhi- 
tsin, and Tarakanov, 1962, Zinchenko, Lomov, 
and Ruzskaya, 1959, Zinchenko and Ruzs- 
kaya, 1960a, 1960b) have examined tactual 
discrimination tasks agam in relation to re- 
sponse processes Their conclusions for the 
development of tactual perception of piano- 
metric stimuli are similar to those for visual 
shape perception Younger children are quite 
inaccurate and their exploratory movements 
do not conform to the contour of objects As 
their exploration becomes more systematic the 
number of errors decreases* This improvement 


occurs at a slightly older pieschool age than 
with visual perception of the same shapes 
However, the improvement m tactual percep- 
tion never reaches the same level as visual 
perception during the preschool years 

The later development of tactual shape 
perception was the subject of a study by the 
present authors (Pick and Pick, 1966) This 
was a tactual replication of the study of Gib- 
son et al with lejtterlike forms The forms 
were raised line drawings on a metal back- 
ground The children were blindfolded and 
explored the shapes simultaneously m pairs, 
each consisting of a standard form and a 
transformation The Ss were children fiom 6 
to 13 years of age and adults The tactual 
perception of these forms was much more 
difficult than the visual perception of the 
forms Even adults made an appreciable 
though smaller number of errors than the 
children At all ages the perspective trans- 
formations were confused with the standards 
most often and the topological transforma- 
tions least often The hne-to-curve transfor- 
mations were of intermediate difficulty These 
results are similar to those for visual percep- 
tion of the forms The mam differenece be- 
tween the visual and tactual results was with 
the rotations and reversals These were as 
easy to discriminate tactually from the stand- 
ards as were the topological transformations 
This is reasonable if one considers how the 
child is explonng the stimuli He typically 
moves his two hands over the two forms syn- 
chronously A rotation or reversal of a form 
would be equivalent to a topological trans- 
formation m that the child is likely to find 
parts added or missing in corresponding 
places explored by the hands 

In general, very little work has been done 
in studying the development of tactual shape 
perception Furthermore, the stimulus dimen- 
sions varied have been derived from visual 
studies and so a good metric for shape is lack- 
ing m tactual perception In addition, it is 
not clear that the same shape dimensions are 
psychologically meaningful for both sensory 
modalities An imaginative analysis of the 
shape dimensions psychologically important 
m tactual perception is needed No work has 
been done with tactual shape perception of in- 
fants One might speculate that infants would 
be particularly sensitive, for example, to the 
shapes of nipples, although tactual sensitivity 



788 HERBERT L. PICK JR , AND ANNE D PICK 


of the mouth and tongue is not often studied 

The studies of the development of shape 
perception concur m finding that tactual per- 
ception develops more slowly and is less ac- 
curate than comparable visual peiformance 
These findings place an additional burden of 
proof on empiricist theoretical statements that 
visual perception is dependent on prior tact- 
ual perception 

C. Effects of Early Experience on Perception 

The nativist-empiricist controversy receives 
most precise definition in studies manipulating 
early experience With such direct study the 
interactive relation between heiedity and en- 
vironment also becomes most clear Of comse 
manipulation of early experience is a proce- 
dure most generally applicable to animals 
(See Chapter 12 for a more general discus- 
sion of this area ) However, m some cases 
mild or enriching manipulations can be under- 
taken with children, or advantage can be taken 
of pathologies such as congenital blmdness or 
deafness to study the effects of eaily experi- 
ence in humans Generally speaking studies 
manipulating early experience can be divided 
into deprivation or enrichment studies In ad- 
dition, some investigators have suggested that 
perceptual rearrangements (distortion stud- 
ies) provide information analogous to that 
from early experience studies Studies of ex- 
perimental manipulation m the environments 
of animals and their effects on perceptual de- 
velopment will be considered first and then 
the effects of early experience on human per- 
ceptual development 

Studies of the effects of early experience on 
shape perception have often used an enrich- 
ment design Animals raised m a “normal” 
environment have been compared with ani- 
mals raised m an “enriched” environment m 
subsequent ability to discriminate shapes The 
basic question, of course, is whether any such 
enrichment is effective at all Other important 
problems include the question of the existence 
of a critical period for the effects and the 
question of specificity between the early stim- 
ulation and the subsequent effects 

In one series of studies Gibson and Walk 
and their students (Gibson and Walk, 1956, 
Walk, Gibson, Pick and Tighe, 1958, Gibson, 
Walk, and Tighe, 1959, Walk, Gibson, Pick, 
and Tighe, 1959) conducted a total of nine 


different experiments All of these were varia- 
tions of a design which involved early expo- 
sure of rats to triangles and circles In the 
first study of the senes (Gibson and Walk, 
1956) triangles and circles cut out of sheet 
metal were hung on the sides of the cages 
during rearing This exposure markedly facil- 
itated subsequent discrimination learning be- 
tween triangles and circles (These were 
pamted on the doors of a Grice discrimination 
apparatus, which presented on each trial two 
alternatives at the end of an alley ) With this 
strong effect as a basis the investigators began 
a series of studies focusing on other variables 
such as the role of reinforcement, the timing 
of exposure, and the specificity of the exposed 
stimuli to the subsequently learned discrim- 
ination In conductmg these studies repli- 
cations of the original study which were 
included m the designs frequently did not 
produce the original results Examination of 
all the studies revealed that whenever the or- 
iginal results were replicated the pre-exposure 
forms were cutouts on the sides of the ani- 
mals' cages All failures to replicate occurred 
when the pie-exposure forms had been modi- 
fied so that they were painted on a back- 
ground The authois suggest that the essential 
difference between the cutouts and painted 
forms was the presence of motion parallax 
when animals moved with respect to the 
former but not the latter Possibly this paral- 
lax attracted the animal's attention to the 
edge of the form 

Because of the only intermittent success m 
replicating the original phenomenon during 
the senes of studies, many of the follow-up 
experiments investigating other questions did 
not produce informative results Those experi- 
ments investigating specificity of the early ex- 
penence suggest that the facilitating effect 
generalizes over a wide range of stimuli It 
was also determined that facilitation of tri- 
angle-circle discrimination would occur with 
only one of these as the pre-exposuie form 
and it made little diffeience whether it was 
the subsequently positive or negative stimu- 
lus m the discrimination learning Recently 
Kerpelman (1965) investigated the role of 
reinforcement using a design which also in- 
cluded a replication of the original Gibson 
and Walk experiment His results indicated 
that reinforcement, eating in the presence of 
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die stimuli, did play a role, even though dif- 
ferential reinforcement of the positive and 
negative stimuli did not occur 

In two experiments Foigus (1958a, 1958b) 
adduced additional evidence that early expo- 
sure of rats to outlines of forms facilitates 
later discrimination between them The re- 
sults of his experiments suggested that facil- 
itation m the discrimination did not occur for 
forms identical to those pie-exposed but rather 
to variations of the original forms For ex- 
ample, pre-exposure to the sides of a triangle 
without the angles maikedly facilitated later 
discrimination of a complete triangle from a 
circle This was not true when pre-exposure 
was to the complete figures These results 
show the effect of early experience by capital- 
izing on the animal's response to a novel as- 
pect of stimuli It seems to be important that 
the novel aspect be of high information value 
such as angles 

In a broad sense studies of imprinting 
might be considered to demonstrate the effect 
of eaily enriching experience on latei percep- 
tion These will not be reviewed here, the 
reader is referred to Chapters 6 and 12 for 
discussion of this phenomenon 

The depnvation technique foi the study of 
effects of early expenence is typified m a 
study by Riesen and Aarons (1959) which 
demonstrates the effect of visual depnvation 
on a subsequent visual discrimination These 
investigators raised kittens m darkness for the 
first 6 weeks of life Then they were subdi- 
vided into groups which were given (1) 1 
hour per day of diffuse light stimulation with- 
out head movement or (2) 1 hour per day of 
pattern stimulation without head movement 
or (3) 1 hour per day of pattern vision with 
freedom of movement, or (4) normal rearing 
m the laboratory environment All animals 
were tiamed between 14 and 18 weeks on a 
discrimination between a stationary and mov- 
ing foim and a brightness discrimination The 
animals m all four groups were able to learn 
the bnghtness discrimination, but the animals 
who had pattern stimulation with free move- 
ment, groups (3) and (4), were vastly supe- 
rior m learning the discrimination between sta- 
tionary and moving form Examination of the 
eyes of all the animals suggested that the 
peripheral parts of the visual system were un- 
affected by the differential rearing, as did the 


fact that they all could learn the brightness 
discrimination The critical factoi appeared 
to be the possibility of movement m the pres- 
sence of patterned visual stimulation and the 
deficit caused by the absence of this experi- 
ence seemed to be central m nature 

The importance of movement, particularly 
self -produced movement in the presence of 
visual stimulation, has also been implicated m 
the development of depth perception Held 
and Hem (1963) laised kittens m the dark 
until the age of 8 to 12 weeks At this time 
they were exposed to visual stimulation foi 
3 hours per day in the following manner An 
experimental and a control kitten were linked 
together at opposite ends of a pivoted bar 
The bar was set inside a vertically stnped cyl- 
mdei and the kittens were harnessed in such 
a way that every movement that the experi- 
mental animal made pushed the control ani- 
mal through an equal distance The control 
animal was laised off the floor so it could not 
move itself However, it was exposed to ex- 
actly the same changes in pattern of visual v 
stimulation as was the expenmental animal 
The difference was that the changes were cor- 
related with the movements the experimental 
animal was making (This design epitomizes 
the yoked control ) Kittens were tested 
daily for visually guided paw placement (i e , 
reaching out towaid an approaching surface) , 
and as soon as the expenmental kitten made a 
paw placement both kittens of the pair were 
tested on a visual cliff All experimental ani- 
mals developed a paw placement to an ap- 
pioachmg surface and a blink response to an 
approaching hand before the corresponding 
control animals At the time of visual cliff 
testing all experimental animals made appro- 
priate depth responses, that is, they chose the 
shallow side on all trials, but the control ani- 
mals responded at an approximately random 
level The initial inability of the control ani- 
mals to make a paw placement is congiuent 
with observations made by Riesen and Aarons 
on the kittens which were raised without the 
opportunity to move in the presence of pat- 
terned stimulation. 

Held and Hem's study and nearly all the 
other studies of the effect of eaily experience 
on depth perception have used the method of 
deprivation rather than enrichment Many of 
these studies have utilized the visual cliff 
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The first of these studies of performance on 
the visual cliff compared dark-reared and 
light-reared rats on their preference for the 
shallow side of the cliff In these studies (Walk, 
Gibson, and Tighe, 1957, Walk and Gibson, 
1961) m which rats were raised m the dark 
for 90 days and then tested m a simple cliff 
situation no differences m preference were 
found between the normally reared animals 
and the dark-reared animals However, subse- 
quent studies (Nealy and Riley, 1963, Walk, 
Trychm, and Karmel, 1965) extending the 
dark-reanng period of rats to 140 or more 
days found a failure of depth discrimination 
on the cliff The effect was not irreversible, 
after 2 weeks of exposure to light the animals 
began to discriminate depth 

Walk and Gibson (1961) also raised kit- 
tens m the dark until the age of 26 days In 
contrast to the rats reared 90 days m the dark, 
these animals seemed functionally blind when 
they were placed on the visual cliff They 
stumbled around, falling off the centerboard 
of the cliff mdiscnminately to either side They 
made no placing responses or tracking re- 
sponse of moving objects Their only visual 
response was a pupillary reflex to changes m 
illumination During several days of living m 
light their visual cliff behavior and paw place- 
ment gradually indicated depth discrimina- 
tion In contrast, control light-reared kittens 
showed good depth responses on the cliff and 
accurate paw placement Thus the visual de- 
velopment of a kitten seems much more sen- 
sitive to early manipulation than that of the 
rat 

That early experience can affect the rat’s 
visual development is demonstrated m more 
analytic experiments of Walk and Gibson 
(1961), In these experiments they investi- 
gated the effective depth cues on the visual 
cliff for light- and dark-reared rats The typi- 
cal cliff situation was modified m two ways 
First, real differences m depth were elimin- 
ated by placing both visual surfaces directly 
underneath the glass Differences in texture 
density of the retinal image were preserved 
by making one surface pattern so fine that it 
projected to the eye approximately the same 
sized pattern elements as the surface usually 
at the deep side of the cliff In the second 
modification real differences in depth were 
preserved Differences m texture density 


were eliminated by making the elements of 
the pattern of the deep side of the cliff so 
large that they projected the same sized ele- 
ments to the eye as the elements on the shal- 
low side Normal light- and dark-reared rats 
were tested in both these conditions The 
light-reared rats made appropriate depth re- 
sponses under both conditions they chose the 
coarser textured pattern when depths on both 
sides were equal or they avoided the actual 
deep side when texture density differences 
had been eliminated The dark-reared rats, 
however, responded to the real depth differ- 
ences but not to the texture density differences 
with equated depth The authors suggest that 
the effective cue for the dark-reared rats is 
the differential motion parallax present with 
leal depth differences between the two sides 
of the cliff For the light-reared rats both tex- 
ture size and motion parallax are effective 
cues The authors speculate that texture size 
may be a learned depth cue by virtue of its 
association with motion parallax They do 
show that the preference for the larger tex- 
ture size does develop gradually m dark- 
reared rats after they have been brought out 
into the light 

It has been found possible to modify the 
typical preference for the shallow side of the 
visual cliff In two studies animals were raised 
on the deep side of a visual cliff and this ex- 
perience tempeied their visual preferences for 
the shallow side Tallicaro and Farrell (1964) 
found that 35 hours of rearing chicks on the 
deep side of a visual cliff eliminated the usual 
preference for the shallow side In fact, there 
was a slight but not statistically significant 
preference for the deep side Kaess and Wil- 
son (1964) found that 2 weeks of reanng rats 
on the deep side of a visual cliff reversed the 
typically found preference for the shallow 
side Although the possibility of thus modi- 
fying a preference is very exciting, it says 
little about whether the animal innately dis- 
criminates depth It certainly does not, as 
Tallicaro and Farrell suggest, cast doubt on 
whether animals innately avoid a cliff 

For obvious reasons, deprivation of early 
perceptual experience is not often undertaken 
with humans However, studies have been 
conducted of naturally occurring deprivation, 
for example, of congenitally blind Ss whose 
sight has been restored Senden (1960) re- 
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viewed a large number of cases derived from 
a variety of sources extending from medical 
reports to newspaper articles Hebb (1949) 
interpreted these cases to show that such pa- 
tients have considerable difficulty m perceiv- 
ing or learning to perceive shape However, 
Wertheimer (1951) has criticized his inter- 
pretation and indeed Hebb himself acknowl- 
edged the difficulty m making such use of 
nonscaentific sources More recently Gregory 
and Wallace (1963) carefully examined a 53- 
year-old man whose sight had been restored 
This patient, who had been blind from the 
age of 10 months, was able to identify visu- 
ally certain shapes soon after the operation 
These were shapes he had been familiar with 
tactually, for example, upper-case printed let- 
ters He was not able to identify complex 
shapes such as the expression m people’s faces, 
and his susceptibility to geometric illusions 
was very low No mention was made of any 
difficulty m identifying visual direction If a 
capacity for identifying visual direction by 
pointing is present in persons with restored 
sight, a means is provided for intermodal 
transfer of shape perception from touch (or 
kmesthesis and proprioception) to vision The 
shape of objects seen visually could be traced 
out and the response could be made to the 
tracing movement It might also be possible 
to perceive the shape without actually making 
the movement since the information for the 
movement is present 

Gregory and Wallace’s patient saw objects 
in depth, although his distance scale was 
somewhat distorted On the other hand, he 
saw no depth m two-dimensional line draw- 
ings representing three-dimensional objects 
such as the Necker cube and the Schroeder 
staircase This might suggest that visual ex- 
perience is necessary for seeing depth in such 
stimuli However, Hudson (1960) provided 
evidence that South African natives who had 
not attended school were also deficient in see- 
ing depth in lme drawings 

Is the ability to recognize (as distinguished 
from seemg depth in) two-dimensional repre- 
sentations of objects, in general, dependent 
on experience with such representations in 
our highly pictured world** Hochberg and 
Brooks (1962) performed the herculean task 
of raising their son to the age of 19 months 


m the absence of two-dimensional representa- 
tions of objects At this age his recognition of 
photographs and other two-dimensional repre- 
sentations of objects was tested and proved 
to be excellent Zimmerman and Hochberg 
(1963) reported a similar experiment with 
monkeys Infant monkeys were taught an ob- 
ject discnmination and displayed considerable 
transfer to photographs of the objects As the 
photographs were impoverished in various 
ways the amount of transfer decreased 

The role of early visual experience on tac- 
tual perception can be investigated by com- 
paring the tactual perception of blind and 
sighted Ss The relevant data from such ex- 
periments has been summarized by Pick, Pick, 
and Klein (1967) and will not be reviewed 
here Most of that work has addressed the 
problem of shape perception and this may 
bias the results toward showing a considerable 
effect of early visual experience Early visual 
experience might not effect the tactual per- 
ception of texture, for example There is a 
commonly held view that visual experience 
markedly influences one’s imagery even with 
nonvisual perception Although this may well 
be true, there is little experimental evidence 
on the question 

The enrichment technique for investigation 
of perceptual effects of early experience has 
not been widely employed with human Ss 
White (1968) has enriched the environment 
of institutionalized infants in particular ways 
such as increasing the amount of handling by 
20 minutes per day in one case and introduc- 
ing into cribs specific attention attracting ob- 
jects m another case He found specific per- 
ceptual effects, for example, on the amount of 
lookmg behavior and the age at which their 
hands are noticed His manipulations, earned 
out against the background of very careful 
normative observations, show the power of 
this combination of techniques The vanous 
educational intervention programs being con- 
ducted widely in this country also mvolve en- 
richment procedures but, by necessity, the 
nature of the intervention and analysis of ef- 
fects are not very specific If such massive 
enrichment can be demonstrated to have sub- 
stantial effects, it is hoped that analytic in- 
vestigations will be undertaken to determine 
the specific causes and effects 
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H. BASIC SENSITIVITY IN CHILDREN 
AND PSYCHOPHYSIOLOGY OF 
PERCEPTUAL DEVELOPMENT 

A. Visual Sensitivity 

Infant peiception has been one of the most 
excitmg topics in perceptual development dur- 
ing recent years This work has employed a 
variety of behavioral and physiological re- 
sponses to index the fact that a stimulus has 
been registered by an S The work has been 
reviewed m detail m Chapter 9 and it will be 
discussed here only insofar as it relates to 
developmental trends occurring after infancy 

The initial work in this area documented 
the fact that infants could make visual dis- 
criminations previously thought impossible 
Fantz' pioneering work (Fantz, 1961b) is 
an example of this He showed that infants 
preferred to look at complex patterned stimuli 
rather than homogeneous stimuli Using this 
fact, he obtained a measure of the acuity of 
infants by pairing a homogeneous stimulus 
with a series of stnped stimuli m which the 
width of stupe vaned It was reasoned that 
whenever a reliable preference was shown 
for the stnped stimulus, then acuity must be 
at least high enough to resolve that width of 
stimulus The results obtained were m good 
accord with measuies using optokinetic ny- 
stagmus as an index of sensitivity (Fantz, 
Ordy, and Udelf, 1962, Gorman, Cogan, and 
Gelhs, 1957, Dayton, Jones, Aiu, Rawson, 
Steel, and Rose, 1964) Such studies placed 
the acuity of mfants of 0 to 1 month of age 
between 20/150 and 20/400 Snellen In addi- 
tion, acuity typically has been found to in- 
crease with age ovei the first few months of 
life 

The investigations of infant visual percep- 
tion have been concerned with more than 
basic sensitivity and have tried to look at 
stimulus dimensions comprising the infants' 
visual world. The woik on depth and shape 
has already been briefly described Respon- 
siveness to stimulus dimensions of complexity, 
amount of contour, and brightness have also 
been investigated The interesting literature 
describing these results has made clear the 
necessity of obtaining coherent senes of re- 
sponses so as to be able to mfer the stimulus 
dimension determining the response [see Bren- 
nen, Ames, and Moore (1966) on complexity, 

n 


Hershenson (1964) for bnghtness, and Kar- 
mel (1966) for contour] 

Acuity continues to rise very rapidly through 
infancy and early childhood, and maximum 
acuity is usually attained by the age of 10 
(Weymouth, 1963) This maximum is typi- 
cally 20/20 to 20/15 Snellen and it refers to 
acuity of eyes corrected for focusing difficul- 
ties, that is, acuity based on the resolution 
capability of the retina 

However, one of the primary causes of 
poor vision m real-life is the inability of the 
viewei to focus the image piopeily Recent 
work of Haynes, White, and Held (1965) 
suggests that neonates do not accommodate 
(change their lens focus) to the changing 
distance of stimuli Their eyes have a fixed 
focus set for targets at approximately 8 mches 
During the first several months of life mfants 
improve in ability to accommodate to targets 
of different distances, and by the age of 4 
months they adjust their accommodation quite 
precisely to the distance of the target 

It is common ophthalmological practice to 
regard the lelaxed, unaccommodated eye as 
the standard from which to judge the refrac- 
tion condition of the visual system The re- 
laxed or unaccommodated eye should focus 
on the retma parallel rays of light (i e , rays 
of light coming from a distant taiget) This 
means the refraction of the light at the cor- 
nea and at the lens should result m the image 
being focused on the retina For infants and 
young children the image is often focused be- 
hind the retina and they are termed hyper- 
metiopic As the child grows older his eye 
becomes bigger and the distance fiom lens to 
retina mci eases more than is necessary for 
focusing the image on the retina The image 
would now be focused m front of the retina 
(myopia) except that the lens and cornea be- 
come less refractive with age, helping to bal- 
ance the change of focus due to increased size 
of the eye The balance is not quite correct 
and there is a tendency for children to be 
hypermetropic and for adults to be myopic 
There is very little information on absolute 
thresholds for detection of light m children 
The probable reason for this is the tedious 
procedure for obtaining such thresholds, in- 
volving long periods of dark adaptation fol- 
lowed by exacting judgments There are a 
few data on contrast sensitivity Doris and 
Cooper (1966) varied the bnghtness of white 
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stripes on a black background They found 
that older infants (up to 69 days of age) 
showed optokinetic nystagmus with less bright 
stripes than did younger infants (down to 4 
days of age) Unfortunately, the brightness 
of the background also varied and one cannot 
be certain whether the age change was a 
function of absolute or relative brightness 
Pollack (1963) obtained an increase of con- 
trast threshold as a function of age in children 
between 8 and 14 years This is the only re- 
port of a decrease m sensitivity with children 
so young (see Eichom, 1963) However, Pol- 
lack cites other evidence that sensitivity 
decreases as a function of age with older 
Ss (This result is important for his theoreti- 
cal position, which will be described subse- 
quently ) 

It is generally agreed that contrast sensi- 
tivity is closely i elated to contour formation 
Hence it would be reasonable to expect de- 
velopmental changes in other contom proc- 
esses such as the type of masking described 
by Werner (1935) if a disc is presented 
briefly to an S, followed by a circumscribed 
ring, the disc may not be seen, the S reports 
that he has seen only a ring On the othei 
hand, if the disc alone is presented for the 
same amount of time, S has no trouble report- 
ing it Apprently the nng masks the per- 
ception of the disc Parametric research has 
shown that the temporal duration of the disc 
and the interval between disc and nng are 
important determiners of degree of masking 
Pollack (1965b) has investigated age changes 
m this phenomenon He found that masking 
occurs with longer intervals between disc and 
ring in younger children (7 years) than m 
older children (10 years) Since masking has 
also been found to depend on figure-ground 
contrast, it was suggested that the effective 
age variable is the decrease m contrast sen- 
sitivity, which Pollack also observed 

Sensitivity to hue differences is also diffi- 
cult to measure m young children because of 
the laborious psychophysical techniques nec- 
essary for precision There were a number of 
early attempts to measure hue perception 
in infants, and these are reviewed in Munn 
(1965) The problem is an especial] v inter- 
esting one because languages divide the wave- 
length continuum differently That is, some 
languages divide a given range of the vis- 
ual wavelength continuum with many color 


names, whereas other languages use only a 
few names It would be a very interesting ex- 
ample of perceptual learning if preveibal chil- 
dren discriminate along the wavelength con- 
tinuum differently from verbal children, and 
it might suggest an effect of language on per- 
ception Before this question is asked it will 
be necessary to determine how preverbal chil- 
dren perceive hue As Munn pointed out, it is 
necessaiy to rule out discrimination between 
hues on the basis of differential brightness 
Investigators of hue perception m infants 
have mostly used preference measuies, but 
they have also used the tendency for infants 
to track spots of one hue when moved against 
backgrounds of anothei hue The bnghtness 
of the hues was equated m many of these 
studies by using values obtained from adults 
As Munn points out this is a questionable 
pioeedure because the relative bnghtness of 
diffeient colors may not be the same for in- 
fants and adults 

Theie has been relatively little work on hue 
discrimination with older children Navrat 
(1965), using children from 3 to 10 years, 
observed increasing precision with age m 
matching pigmented tints On the other hand, 
Pollack (1966), using more precise measure- 
ment techniques, found no age changes m 
hue discrimination with children between the 
ages of 7 and 12 yeais 

B. Auditory Sensitivity 

The work on infant perception has mcluded 
some interesting documentation of infant’s au- 
ditory perception Foi example, Stemschnei- 
der, Lipton, and Richmond (1966) found 
that the auditory threshold to sounds for 2- 
to 5-day-old mfants was less than 70 db (rel- 
ative to 0 0002 dyn/cm 2 ) These investigators 
used changes in heart rate as a measure of 
infant sensitivity It is important to note that 
the sensitivity of the infant is at least as good 
as observed here It is quite possible that 
sounds are detected at lower intensities but 
not reflected in changes of heart rate Barto- 
shuk (1964) was able to scale auditory stim- 
uli using the same physiological response He 
presented a senes of sounds from 48 to 78 
db (relative 0 0002 dyn/cm 2 ) to neonates 1 
to 4 days old and measured their change m 
heart rate He obtained a power function re- 
lating physiological response to physical in- 
tensity of the stimulus (A HR=I n where 
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H. BASIC SENSITIVITY IN CHILDREN 
AND PSYCHOPHYSIOLOGY OF 
PERCEPTUAL DEVELOPMENT 

A. Visual Sensitivity 

Infant perception has been one of the most 
exciting topics m peiceptual development dur- 
ing recent years This work has employed a 
variety of behavioral and physiological re- 
sponses to index the fact that a stimulus has 
been registered by an S The work has been 
reviewed m detail in Chapter 9 and it will be 
discussed here only insofar as it relates to 
developmental trends occurring after infancy 

The initial work m this area documented 
the fact that infants could make visual dis- 
criminations previously thought impossible 
Fantz’ pioneering work (Fantz, 1961b) is 
an example of this He showed that infants 
preferred to look at complex patterned stimuli 
rather than homogeneous stimuli Using this 
fact, he obtained a measure of the acuity of 
infants by pan mg a homogeneous stimulus 
with a series of stuped stimuli m which the 
width of stnpe vaned It was reasoned that 
whenever a lehable preference was shown 
for the striped stimulus, then acuity must be 
at least high enough to resolve that width of 
stimulus The results obtained were m good 
accord with measures usmg optokinetic ny- 
stagmus as an index of sensitivity (Fantz, 
Ordy, and Udelf, 1962, Gorman, Cogan, and 
Gellis, 1957, Dayton, Jones, Aiu, Rawson, 
Steel, and Rose, 1964) Such studies placed 
the acuity of infants of 0 to 1 month of age 
between 20/150 and 20/400 Snellen In addi- 
tion, acuity typically has been found to in- 
crease with age over the first few months of 
life, 

The investigations of infant visual percep- 
tion have been concerned with more than 
basic sensitivity and have tried to look at 
stimulus dimensions comprising the infants' 
visual world The work on depth and shape 
has already been briefly described Respon- 
siveness to stimulus dimensions of complexity, 
amount of contour, and brightness have also 
been investigated The interesting literature 
describing these results has made clear the 
necessity of obtaining coherent series of re- 
sponses so as to be able to infer the stimulus 
dimension determining the response [see Bren- 
nen, Ames, and Moore (1966) on complexity. 


Hershenson (1964) for brightness, and Kar- 
mel (1966) for contour] 

Acuity continues to rise very rapidly through 
mfancy and early childhood, and maximum 
acuity is usually attained by the age of 10 
(Weymouth, 1963) This maximum is typi- 
cally 20/20 to 20/15 Snellen and it refers to 
acuity of eyes conected for focusing difficul- 
ties, that is, acuity based on the resolution 
capability of the retina 

However, one of the primary causes of 
poor vision m real-life is the inability of the 
viewer to focus the image properly Recent 
work of Haynes, White, and Held (1965) 
suggests that neonates do not accommodate 
(change their lens focus) to the changmg 
distance of stimuli Their eyes have a fixed 
focus set for targets at approximately 8 inches 
During the first several months of life infants 
improve m ability to accommodate to targets 
of diffeient distances, and by the age of 4 
months they adjust their accommodation quite 
precisely to the distance of the taiget 

It is common ophthalmological practice to 
regaid the lelaxed, unaccommodated eye as 
the standard from which to judge the refrac- 
tion condition of the visual system The re- 
laxed or unaccommodated eye should focus 
on the retina parallel rays of light ( i e , rays 
of light coming from a distant taiget) This 
means the refraction of the light at the cor- 
nea and at the lens should result m the image 
being focused on the retina For infants and 
young children the image is often focused be- 
hind the retina and they are termed hyper- 
metiopic As the child grows older his eye 
becomes bigger and the distance fiom lens to 
retina mci eases more than is necessary for 
focusing the image on the letina The image 
would now be focused m front of the letma 
(myopia) except that the lens and cornea be- 
come less lefractive with age, helping to bal- 
ance the change of focus due to increased size 
of the eye The balance is not quite correct 
and there is a tendency for children to be 
hypermetropic and for adults to be myopic 
There is very little information on absolute 
thresholds for detection of light m children 
The probable reason for this is the tedious 
procedure for obtaining such thresholds, in- 
volving long periods of dark adaptation fol- 
lowed by exacting judgments There are a 
few data on contrast sensitivity Doris and 
Cooper (I960) varied the brightness of white 
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stripes on a black background They found 
that older infants (up to 69 days of age) 
showed optokinetic nystagmus with less bright 
stripes than did younger mfants (down to 4 
days of age) Unfortunately, the brightness 
of the background also varied and one cannot 
be certain whether the age change was a 
function of absolute or relative brightness 
Pollack (1963) obtained an increase of con- 
trast threshold as a function of age m children 
between 8 and 14 years This is the only re- 
port of a decrease m sensitivity with children 
so young (see Eichom, 1963) However, Pol- 
lack cites other evidence that sensitivity 
decreases as a function of age with older 
Ss (This result is important for his theoreti- 
cal position, which will be described subse- 
quently ) 

It is generally agreed that conti ast sensi- 
tivity is closely related to contour formation 
Hence it would be reasonable to expect de- 
velopmental changes in other contour proc- 
esses such as the type of masking described 
by Werner (1935) if a disc is presented 
briefly to an S, followed by a circumscribed 
ring, the disc may not be seen, the S reports 
that he has seen only a ring On the othei 
hand, if the disc alone is presented for the 
same amount of time, S has no tiouble leport- 
mg it Apprently the nng masks the per- 
ception of the disc Parametric research has 
shown that the temporal duration of the disc 
and the interval between disc and nng are 
important determiners of degree of masking 
Pollack (1965b) has investigated age changes 
m this phenomenon He found that masking 
occuis with longer intervals between disc and 
ring m younger children (7 years) than m 
older children (10 years) Since masking has 
also been found to depend on figure-ground 
contrast, it was suggested that the effective 
age variable is the decrease m contrast sen- 
sitivity, which Pollack also observed 

Sensitivity to hue differences is also diffi- 
cult to measure m young children because of 
the laborious psychophysical techniques nec- 
essary for precision There were a number of 
early attempts to measure hue perception 
m infants, and these are reviewed m Munn 
(1965) The problem is an especiallv inter- 
esting one because languages divide the wave- 
length continuum differently That is, some 
languages divide a given range of the vis- 
ual wavelength continuum with many color 


names, whereas other languages use only a 
few names It would be a very interesting ex- 
ample of perceptual learning if preverbal chil- 
dren discriminate along the wavelength con- 
tinuum differently from verbal children, and 
it might suggest an effect of language on per- 
ception Before this question is asked it will 
be necessary to determine how pieverbal chil- 
dren perceive hue As Munn pointed out, it is 
necessary to rule out discrimination between 
hues on the basis of differential brightness 
Investigators of hue perception m infants 
have mostly used preference measures, but 
they have also used the tendency for infants 
to track spots of one hue when moved against 
backgrounds of another hue The brightness 
of the hues was equated m many of these 
studies by using values obtained from adults 
As Munn points out this is a questionable 
piocedure because the relative brightness of 
different colors may not be the same for in- 
fants and adults 

There has been relatively little work on hue 
discrimination with older children Navrat 
(1965), usmg children from 3 to 10 years, 
observed increasing piecision with age in 
matching pigmented tints On the other hand, 
Pollack (1966), using more pi ease measure- 
ment techniques, found no age changes m 
hue discrimination with childien between the 
ages of 7 and 12 years 

B Auditory Sensitivity 

The work on infant perception has mcluded 
some interesting documentation of infant's au- 
ditory perception For example, Stemschnei- 
der, Lipton, and Richmond (1966) found 
that the auditory threshold to sounds for 2- 
to 5-day-old infants was less than 70 db (rel- 
ative to 0 0002 dyn/cm 2 ) These investigators 
used changes m heart rate as a measure of 
infant sensitivity It is important to note that 
the sensitivity of the infant is at least as good 
as observed here It is quite possible that 
sounds aie detected at lower intensities but 
not reflected m changes of heart rate Barto- 
shuk (1964) was able to scale auditory stim- 
uli using the same physiological response He 
presented a series of sounds from 48 to 78 
db (relative 0 0002 dyn/cm 2 ) to neonates 1 
to 4 days old and measured their change in 
heart rate He obtained a power function re- 
lating physiological response to physical in- 
tensity of the stimulus ( A HR = I n where 
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A HR = change in heart rate, I = intensity, 
and n is the exponent) The value of the ex- 
ponent was found to be 0 53 Stevens ( 1961), 
using adults, had found n to be 0 6 for a 
power function relating judged magnitude of 
sound to intensity The close agreement raises 
the interesting possibility that sound intensity 
is perceived similarly over a very wide age 
range 

Evidence for frequency discrimination, like 
evidence for hue discrimination, is difficult to 
obtain m pure form in infants However, 
Leventhal and Lipsitt (1964) obtained data 
suggestive of a frequency discrimination when 
the frequency change was 200 to 1000 cps 
but not when the change was from 200 to 
500 cps They used such measuies as changes 
in activity level and heart rate as indices of 
sensitivity In addition, using cardiac rate 
measures, Bartoshuk (1962a) and Bndger 
(1961) provide some evidence for frequency 
discrimination m neonates between 100 and 
1000 cps and 400 and 1000 cps respectively 

Auditory acuity an older children also has 
not been intensively studied, There is, how- 
ever, at least one precise normative study 
Eagles, Wishik, Doerfler, Melnick, and Levine 
( 1963) used a large sample of school children 
between the ages of 5 and 14 Their data 
show an mcreasmg absolute sensitivity to 
sound until 12 to 13 yeais At the age of 14 
there was a slight decrease m sensitivity, The 
maximum age difference, which was between 
5 and 13 year olds at 250 cps, is only 6 or 7 
db (relative to 0 0002 db) However, such 
large numbers of Ss were used that this dif- 
ference was easily significant The age differ- 
ences are greatest at the lower frequencies, 
they decrease but are still present at the high- 
est frequency tested, 8000 cps The age dif- 
ferences are quite consistent, they occur in- 
dependently m boys, girls, Negroes, and 
whites 

Recently McKee and Riley have investi- 
gated relational learning using auditory para- 
meters (McKee and Riley, 1962, Riley and 
McKee, 1963, Riley, McKee, and Hadley, 
1964) They utilized a transposition design 
to assess the degree to which children re- 
spond relationally to frequency and intensity 
of sound The basic result is that more chil- 
dren (first to third graders) respond relation- 
ally after learning an intensity discrimination 
than after learning a frequency discrimination 


In transfer tests after frequency discrimina- 
tion training neither children nor adults as 
groups respond consistently ( absolutely or re- 
lationally) The amount of relational respond- 
ing to frequency was increased for all ages if 
the interval between the training sounds was 
made smaller (Riley and McKee, 1963) 
However, a check with magnitude estimation 
scaling techmques indicated that the small 
size of the intervals between the training stim- 
uli did not account for the greater amount of 
relational transposition for the mtensity di- 
mension The investigators suggest the intri- 
guing hypothesis that Stevens’ (1961) dis- 
tinction between piothetic and metathetic 
stimulus dimensions might apply to type of 
transposition He has noted that psychophys- 
ical scales with different properties are ob- 
tained for stimulus dimensions such as mten- 
sity, which seem to depend primarily on 
amount of stimulation, and for dimensions 
like frequency, which appear to depend upon 
locus of stimulation Intensity is a prothetic 
dimension and frequency metathetic If such 
dimensions are typically mediated by differ- 
ent physiological mechanisms, our perception 
of them might also lead to relational or abso- 
lute discrimination learning 

C Sensitivity in the Lower Senses 

Studies of tactual sensitivity in neonates 
have indicated that females are more sensi- 
tive to mild electric shock than males (Lipsitt 
and Levy, 1959 ) Stimulation of the neonates’ 
feet with an aesthesiometer does not yield 
consistent sex differences, but stimulation of 
the abdomen with an air jet again produces 
greater sensitivity m females (Bell, 1964) 
Some previous observations had shown female 
adults to have higher tactual sensitivity than 
males Ghent (1961b), in a study of children 
ages 5 to 11, found greater sensitivity m girls 
to stimulation of the center part of the upper 
arm However, she found no higher sensitiv- 
ity in girls to stimulation of the thumb, and 
over the age range studied there was a slight 
increase of sensitivity for boys but no con- 
sistent change for girls 

The response of children to simultaneous 
tactual stimulation has been studied by Fink 
and Bender (1953) When a child is stim- 
ulated simultaneously in two places on his 
body, for example, his cheek and hand, he 
may not detect one of the sources of stimula- 
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tion (extinction) or he may misperceive the 
locus of one of the sources (displacement) 
Fink and Bender found that the incidence of 
such errors decreases from 3 to 15 years 
There is a marked practice effect, and even 
the older children make many errors m the 
early trials Stimulation of the face seems to 
dommate other parts of the body, stimulation 
of the face rarely results in extinction, and 
stimulation of another part of the body often 
is displaced toward the face The mechanism 
for this phenomenon is not clear The authors 
try to relate it to Gestalt principles such as 
good closure, but their explanation is not very 
convincing, In their procedure the stimuli 
were applied by E simply touching S The 
synchiony and mtensity of stimulation can- 
not be very carefully controlled usmg such a 
method This tactual exbnction and displace- 
ment need to be studied with a better tech- 
nology because they may be related to work 
on the ability to process more than one chan- 
nel of information at a time (see Broadbent, 
1958) Bekesy (1967) has summarized a 
large number of technically elegant experi- 
ments with adults which appear to be related 
to these phenomena 

There has been some work with infants, 
for example, see Engen, Lipsitt, and Kaye 
(1963) on olfaction, but no other develop- 
mental investigations of basic sensitivity m 
other lower sense modalities This is unfor- 
tunate since both theoretical and practical 
problems might well be illuminated with re- 
search, for example, on taste sensitivity Taste 
buds are more widely distributed m the mouth 
of children than in adults, but there have 
been no systematic investigations to see if this 
wider distribution is correlated with greater 
sensitivity Since gustatory stimuli are easy 
to mix, taste might be a convenient modality 
in which to do masking and detection experi- 
ments with children In a practical vein, basic 
knowledge of children's taste sensitivity could 
be applied to preparation of food for children 

D. Laterality and Sensitivity 

Differential sensitivity as a function of side 
of stimulation has been reported for vision, 
audition, and touch, The development of such 
sensory asymmetry has important implications 
for brain function and for perceptual learn- 
ing 

A large amount of research has been con- 


ducted on detection of stimuli presented to 
the right or left of a visual fixation point A 
careful leview of much of this work with 
adults can be found m Howard and Temple- 
ton (1966) If letters or words are flashed 
either on the right or the left but not both, 
those on the right are detected more easily 
If letters oi words are flashed simultaneously 
on the left and the right, those on the left are 
detected more easily Two hypotheses have 
been advanced to account for these results, 
one has to do with differential localization of 
function m the bram and the other has to do 
with learned scanning tendencies Mishkin 
and Forgays (1952), for example, concluded 
that training m reading establishes a more 
efficient neural organization in one visual 
hemisphere than in the other Harcum 
(1964), on the other hand, posits the exist- 
ence of a perceptual scan factor as well as a 
sensitivity factor Only two developmental 
studies of this phenomenon have been con- 
ducted (Forgays, 1953, Dyer and Harcum, 
1961) Forgays studied children from grades 
1 through 12 He presented words either in 
the right or left visual field and found a grad- 
ually increasing advantage for words pre- 
sented on the right, That this advantage is a 
function of experience or training is supported 
by other studies, which showed that for He- 
brew readers words are recognized m the left 
visual field more easily (Mishkin and For- 
gays, 1952, Orbach, 1952) Dyer and Har- 
cum also found a superiority of the right 
visual field for recognition of binary patterns 
They attributed the result to a recency effect 
resulting from scanning left to right The last 
element to be spanned is reported most ac- 
curately If this interpretation is correct, 
Harcum’s scan factor may be m reality a 
short-term memory phenomenon 

Greater auditory sensitivity on one side of 
the body than the other has been reported 
only under conditions in which the two ears 
are m competition When different inputs are 
presented simultaneously to the two ears, the 
right ear has a higher accuracy for recognition 
of speech and the left ear for nonspeech 
sounds such as melodies (Kimura, 1963, 
]964) In the only developmental study of 
this phenomenon (Kimura, 1963) the right 
ear advantage was greatest at the youngest 
age, 4 years The lack of large differences at 
the older ages may have been attributable to 
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a ceiling effect since absolute performance 
levels were high In any event there was not 
the expected developmental mcrease of lat- 
eral differentiation The nght ear advantage 
has been thought to be related to cortical 
lateralization of speech There is considerable 
evidence (Penfield and Roberts, 1959, Zang- 
will, 1960, Lenneberg, 1967) that such lat- 
eralization, usually with the left hemisphere 
dominant, develops during childhood Chil- 
dren who have lesions of the left hemisphere 
at early ages regam language facility com- 
pletely, but adults with similar lesions remain 
permanently impaired It may be that the per- 
ceptual advantage of the right ear is related 
to cortical dominance, but the relation must 
be a complex one, A possible mechanism for a 
lateral ear advantage (Shankweiler, 1966) 
would be stronger representation of the con- 
tralateral ear than the ipsilateral ear in the 
dominant hemisphere Ongoing activity in the 
bram from this contralateral ear would block 
processing of input from the ipsilateral ear 
Thus if the left hemisphere is responsible for 
processing speech, the nght ear would have 
a competitive advantage from stronger corti- 
cal representation Shankweiler summarizes 
some of the evidence for this hypothesis 

Observations of passive tactual thresholds 
by Weinstein and Sereson (1961) have re- 
vealed that sensitivity is greater in the non- 
dommant hand than m the dominant Ghent 
(1961b) , m a previously mentioned study, in- 
vestigated whether this differential sensitivity 
developed with age between 5 and 11 years 
In boys the differential sensitivity had devel- 
oped by 11 years but m the girls it had not 
For the 9- and 11-year-olds and a few of the 
children of other ages thresholds were deter- 
mined for a section of the upper arm The 
sensitivity of the nondommant arm was higher 
than that of the dominant arm at all ages, but 
the differences were not statistically signifi- 
cant, 

There is a large literature concerned with 
the relation between lateral dominance and 
reading disability In this case lateral domin- 
ance has referred to motor dominance, usu- 
ally handedness Although motor dominance 
is not the concern of the present chapter its 
relation to the perceptual aspects of reading 
makes consideration relevant An early hy- 
pothesis was that left-handedness or ambidex- 
terity reflected abnormal cortical lateralization 


of function This abnormal lateralization was 
thought somehow to affect adversely reading 
ability Belmont and Birch (1965) adduce 
evidence to the effect that differences m 
lateral dominance between normal and re- 
tarded readers are found when the retarded 
readers are sampled from a clinical setting 
but not when they are obtained from a normal 
population It is not clear what kinds of bias 
the selection from clinical populations intro- 
duces At least clinical samples are not pure 
cases of reading difficulty 

One problem with studies relating lateral 
dommance to other functions is the rather 
arbitrary definition of dominance Most in- 
vestigators fail to distinguish between sensory 
and motor dominance Furthermore, most of 
the motor dommance studies have used limb 
preference as the definition of dommance, but 
limb skillfulness might be a more meaningful 
way of defining such dommance Finally, 
while dominance is often operationally de- 
fined by the hand used m some overt be- 
havior such as ball throwing, a cortical lateral 
dommance is often inferred Recently a tech- 
nique has been developed (Wada and Ras- 
mussen, 1960) which defines the cortical 
lateralization of speech production in a much 
more functional way This mvolves infusion 
of sodium amytal into the arteries supplying 
one side or the other of the bram A tempo- 
rary aphasia results from infusing into the 
“speech dominant” side The time appears 
ripe for a careful extensive study of domi- 
nance and laterality This might include de- 
termination of laterality for a large number of 
functions m the same Ss to see whether func- 
tions are laterahzed in clusters Replicating 
such studies at different ages would further 
define related functions and would suggest 
fruitful hypotheses about bram function 

HI SENSORY INTERACTION 3 

A Development of Body Image 

To what extent is a person aware of the 
parts of his own body? Does he perceive their 
position, size, and state accurately? There is 
an extensive literature on this topic (see 
Schilder, 1950), but much of the evidence 
consists of clinical observations These are 

3 For a more extended treatment of some of these 
problems see Pick, Pick, and Klein (1967) 
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provocative, but they have not been investi- 
gated in normal populations There is even 
very little clinical literature on the develop- 
ment of body image m children 

It is possible to distinguish two general 
types of questions about one’s perception of 
his body One has to do with being able to 
perceive parts of the body m relation to each # 
other The second has to do with perception 
of the body m relation to an external refer- 
ence system These capacities do not neces- 
sarily depend on a single mechanism Schilder 
(1950), for example, describes the case of a 
patient who could indicate by appropriate 
marking of a diagram a position on a limb of 
the body that had been tactually stimulated, 
but the patient had no idea where the stimu- 
lated limb was when it was out of sight 

In investigations of body perception Ss are 
asked to make a response with respect to a 
stimulated part of the body Often this means 
that S has to indicate a target part of his body 
with another bodily response Any difficulty 
could be attributed to either perception of the 
target or the response indicator or both Fur- 
thermore, Ss are often asked to identify stimu- 
lated parts of their body This ability involves 
more than just discrimination of two parts of 
the body as different 

The simplest kind of appraisal of one’s 
body perception is the determination of two- 
pomt thresholds at various places on the body 
surface Dunford (1930) cites a study by 
Freedman which found a decrease an the two- 
point sensitivity (as measured by variability) 
for children up to the age of 12, then an in- 
crease However, a study by Wundt is cited 
to the effect that children have a smaller 
space threshold than adults This question is 
still unresolved 

At a somewhat more complex level of body 
perception, Ss can be asked to indicate a 
point on their body which E had stimulated 
Dunford (1930) and Renshaw (1930) both 
reported developmental studies m which Ss 
were asked to localize points on their hand or 
arm that had been tactually stimulated by E, 
Localization was accomplished by pointing 
with a stylus held m the other hand The two 
studies were consistent in finding that pre- 
cision was greater in younger children than 
adults Renshaw suggested that the decrease 
m piecision with age might be due to a shift 
from tactual-kinesthetic orientation to visual 


orientation If this were the case, older chil- 
dren and adults might be better at localizing 
with a visual response while they were be- 
coming worse at localizing with a tactual- 
kinesthetic response A visual localizing pro- 
cedure might involve touching S and having 
him open his eyes and report graphical coor- 
dinates of the point stimulated Renshaw 
found preliminary support for this prediction 
in the same study and subsequently verified it 
(Renshaw and Wherry, 1931) Visual locali- 
zation becomes more accurate with age, es- 
pecially between 13 and 14 years, while tac- 
tual-kinesthetic localization as defined in this 
task becomes worse 

This mteresting, unusual result of decreas- 
ing accuracy m performance with age should 
be replicated since the age trends found by 
both Dunford and Renshaw are rather irregu- 
lar and are based on relatively few Ss An- 
other study (Renshaw, Wherry, and Newlin, 
1930) provides evidence that the perform- 
ance of well practiced Ss does not decay 
with age The performance of congenitally 
blind Ss improved with age That precision 
may generally be a function of amount of use 
is suggested by the fact that both Dunford 
and Renshaw found marked practice effects 
at all ages 

Clinical observations have indicated that 
there may be difficulties m discriminating be- 
tween structurally similar body parts such as 
the same member on opposite sides of the 
body or adjacent fingers Some of these 
observations have been the subject of develop- 
mental investigation Kinsboume and Waring- 
ton ( 1963) report a study of children between 
the ages of 4J4 and 7j4 involving a num- 
ber of finger differentiation tests In one 
test blindfolded children were stimulated si- 
multaneoulsy on two parts of their fingers 
They had to report whether the points were 
on the same finger or on two different ones 
In a second test E touched two different fin- 
gers and S was required to report how many 
fingers there were between the two Per- 
formance m the tests improved from below 
40% correct at age 4J4 to close to 100% 
correct by age 7j4 Unfortunately, the results 
are presented only m terms of percent correct 
and are not broken down into different types 
of errors 

Finger identification has been studied in a 
series of investigations by Benton, many of 
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which are summarized m one source (Benton, 
1959) Using a 50-item test battery Benton 
conducted a normative study of 150 school 
children between the ages of 6 and 9 The 
test items were of the nature of pointing to 
or naming individual fingers on oral command 
with eyes open or closed, or indicating which 
finger had been touched by E Results indi- 
cate a marked improvement as a function of 
age Since it is an identification experiment, 
it is not clear how much of the change repre- 
sents perceptual improvement The pattern 
of errors, however, is interesting The ordei 
of number of errors from most to least is third 
finger, second finger, pointer finger, little fin- 
ger, and thumb The differential pattern of 
errors may well be a failure of discrimination 
rather than identification The correlation be- 
tween errors of the right and left hand was 
relatively high (54) In a study of adults 
Elithorn, Piercy, and Crossky (1953) found 
that the second finger, rather than the third 
finger, was least accurately identified Whether 
the difference between their and Bentons 
study represents a real developmental change 
or whether it is due to a somewhat more com- 
plicated procedure m their study is not clear 
Benton (1955) found poorer performance on 
the same test battery m a group of retardates 
matched with normals on MA This confirmed 
a similar finding of Werner and Garrison 
(1942) 

So far the developmental studies of body 
image have dealt with precision of perception, 
but there are two studies relevant to the 
qualitative nature of the body image Mc- 
Kinney (1964), m an imaginative study, 
asked children ranging m age from 4 to 8 to 
indicate which finger he touched The in- 
teresting experimental condition was one in 
which the child had to turn his hand over 
before responding The younger children 
made a great many errors m which they re- 
sponded to the original spatial position rather 
than to the correct finger This was not due to 
motor interference or distraction since the 
young children performed quite well m a con- 
dition in which they turned their hand over 
and back again before responding McKinney 
suggests that the younger children are re- 
sponding in terms of a visual image of the 
hand He supported this hypothesis by show- 
ing that congenitally blind children did not 
make such errors, 


The second study (Simmel, 1966) of quali- 
tative aspects of the body image investigates 
the relation between age of amputation of a 
limb and occunence of a phantom limb It 
was found that if the amputation occurs very 
eaily a phantom limb is less likely to be ex- 
perienced For example, only 20 to 25% of Ss 
whose amputations occurred before the age 
of 4 reported phantoms, whereas 61 to 100% 
of Ss whose amputations occurred after the 
age of 4 reported phantoms There was some 
confounding between age of amputation and 
time elapsed since amputation but probably 
not enough to account for the marked rela- 
tionship 

The clinically observed difficulty in dis- 
criminating the right from left side of the 
body is not found m normative studies even 
m young children However, the identification 
of the right and left parts of the body is an 
entnely different matter There are a number 
of studies that show this ability is poorer m 
young children and improves steadily with 
age (Swanson and Benton, 1955, Benton, 
1959, Belmont and Birch, 1963 and 1965) 
These studies evaluate right-left awareness by 
using such items as raise your right hand , and 
point to your left ear with your right hand 
In Benton's (1959) study the test battery is 
most elaborate and involves performing the 
right-left identification tasks with eyes open 
and closed, with active movement and passive 
movement, and on pictures of other persons 
Again theie may be a perceptual and an 
identification component to the child's diffi- 
culty The perceptual component is probably 
related to children s difficulty m discriminat- 
ing right and left mirror images horn each 
other (see Section IIIB on orientation) In ad- 
dition, learning proper identification of right 
and left may be hampered by the fact that 
nght and left do not have consistent meaning 
relative to the child These terms are also 
used to label other people’s position and are 
often reversed with respect to the child’s 
orientation 

One could perhaps use a reaction time pro- 
cedure for assessing the perceptual discrimi- 
native aspects of right-left perception For ex- 
ample, the reaction times for same-different 
judgments could be compared for simultane- 
ous stimulation of different parts on the same 
and opposite side of the body 

There appear to be no systematic studies 
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of the accuracy with which children perceive 
their own body dimensions However, one 
study does touch on this problem Smith and 
Smith's (1966) factor analytic study found 
two tasks involving estimation of arm length 
which yielded a perceptual factor Unfortu- 
nately, the actual values of the estimates 
were not reported and two other tests of arm 
length estimation were not included in this 
factor 

One final aspect of body perception con- 
cerns the locus from which S perceives his 
own body Natsoulas and Dubanoski (1964) 
investigated this problem with adults by trac- 
ing ambiguous (reversible) letters on the 
forehead, sides, and back of head They asked 
S to report the letter they experienced Thus 
if E traced a “b” on the forehead, S might 
perceive this as a “b” or a “d,” depending on 
where his locus of perception was They 
found that S tends to report as if he were 
standing behmd the head and looking for- 
ward Thus a “b” on the forehead from E’s 
point of view is perceived as a “d,” whereas 
a “b" on the back of the head is perceived 
as a “b” Recently Dubanoski (1965) and 
Fodell (1966) have replicated this procedure 
with children In general they both found the 
same pattern of results for children from 6 
to 16 (Dubanoski) and from 3 l / 2 to 11 
(Podell) In some conditions both these in- 
vestigators found greater pioportions of chil- 
dren than adults responding as if they were 
standing in front of the head and looking 
back Dubanoski further showed that older 
children could, if required, make judgments 
as if viewing from E's point of view, whereas 
younger children could not He related this to 
Piaget's observations that older children are 
better able to imagine relative orientations 
from different points of view 

B. Orientation 

The perception of * orientation of stimuli 
will be considered as a problem of sensory 
interaction since in some cases more than one 
modality is involved For example, judgments 
of orientation often refer the visual orienta- 
tion of a stimulus to the direction of gravity 
Sometimes, of course, only one modality is 
involved, for example, when one visual stimu- 
lus is compared with another 

Howard and Templeton (1966) have 
made a comprehensive analysis of the mean- 


ing of various questions about orientation 
Here the concern will be with the develop- 
mental aspects of such questions only It has 
long been known that young children tend to 
confuse a visual shape with rotations and mir- 
ror images of itself Recent documentation of 
this fact can be found m Gibson, Gibson, 
Pick, and Osser (1962), who reported that 
4-year-olds made such confusions m approxi- 
mately 45% of the relevant cases In that 
study a standard shape was paired with 45, 
90, and 180° rotations and nght-left and up- 
down mirror images Confusion errors be- 
tween all of these transformations and the 
standard shapes decreased with age How- 
ever, the mirror images continued to produce 
more enors than the other rotations 

Paradoxical results have been reported by 
Ghent (1961a), who asked children between 
the ages of 4 and 8 to indicate which of two 
shapes (up-down mirror images of each 
other) was upside down Foui -year-old chil- 
dren showed remarkable intersubject consis- 
tency m their selections The difference in 
lesults between Gibson et al and Ghent might 
be due to the difference m the particular 
forms used or it might be due to the different 
question asked In the study by Gibson et al 
the Ss were asked m essence to make same- 
different judgments, whereas Ghent asked her 
Ss directly to identify an orientation The 
questions asked might have produced the 
divergent results by directing the children's 
attention to different aspects of the stimuli 
Ghent has also shown that the orientation of 
figures makes a difference in recognition tasks 
(Ghent, 1960, Ghent and Bernstein, 1961) 
Children were asked to identify forms shown 
tachistoscopicalJy Forms which weie right- 
side up were identified more accurately than 
those which were upside down This differ- 
ence occurred both with foims representing 
real objects and with nonsense forms which 
previously had been found to have orienta- 
tions that were reliably judged as right side 
up and upside down The difference m ac- 
curacy between the two orientations de- 
creased with age from 3 to 7 m the case of 
realistic forms It seems quite clear that the 
observation often made that children look at 
pictures upside down does not mean that 
they are insensitive to differences m orienta- 
tion 

Ghent has proposed a scanning mechanism 
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to account for these results (Ghent, 1961a) 
She hypothesizes that children tend to scan 
from top to bottom of a form She further 
noted that many of the forms that were re- 
liably identified as upside down had "focal 
points'’ at the bottom Her suggestion is that 
the focal pomt attracts the initial attention of 
the child When this is at the top, it is con- 
gruent with the normal scanning tendency 
and the form is judged as right side up When 
the focal point is at the bottom, the child's 
attention is attracted to it and he has to scan 
from bottom to top This is counter to his nor- 
mal scanning tendency and the shape is 
judged as upside down The scanning may 
well be implicit since Ghent herself has dem- 
onstrated the preceding results with tachis- 
toscopic presentation at speeds too great for 
actual eye movements to occur 

Ghent's scannmg hypothesis has been in- 
vestigated in two studies Wohlwill and Wie- 
ner (1964) reasoned that if Ghent's scanning 
hypothesis were correct, then orientation 
would be better discriminated m stimuli that 
had high directionality, internal detail, or 
were open in comparison with stimuli that 
had low directionality, no internal detail, or 
were closed It was thought that the presence 
of these properties would facilitate scanning 
from a focal point Ability to discriminate 
orientation was tested m 4-year-old children 
using a matching-to-sample technique Only 
the variable of directionality made a signifi- 
cant difference Although this variable lacks 
precise definition it is obviously most relevant 
to the scanning hypothesis Ghent herself 
(Brame, 1965) did a study m which she 
asked 3- to 5-year-old children to identify a 
tachistoscopically exposed stimulus from an 
array of similar stimuli The stimuli were 
designed so they had focal points at one end 
and distinguishing features at the other end 
The hypothesis of the study was that young 
children would recognize the forms more 
rapidly when they had the focal pomt at the 
top and the distinguishing features at the 
bottom since this arrangement would be con- 
gruent with their natural scanning tendency 
The younger children recognized the right 
side up figures more accurately than the up- 
side down, but the results were reversed for 
the older children, There is some other evi- 
dence (Ghent, 1963) that older children and 
adults scan from top to bottom independently 


of the specific stimulus Thus the general in- 
terpretation of the results is that stimulus 
factors and scannmg tendencies both operate 
for younger children, but only the scannmg 
tendency is important for older children They 
start at the top of the figure and if that is 
where the distinguishing feature is they can 
use it immediately 

One difficulty with the Ghent hypothesis is 
that there are apparent exceptions In some 
cases stimuli with obvious focal points do not 
obey the rules However, m many of these 
cases the form has a representative function 
and the judgment of orientation is made m 
terms of the object that is represented In 
other cases there is no reasonable focal pomt, 
nevertheless, consistent judgments of orienta- 
tion are made This leads to a second diffi- 
culty for the Ghent hypothesis, which is the 
lack of a precise definition of focal point In 
many cases observeis would agiee that a focal 
pomt is present In some cases, however, ob- 
server agreement could not be obtained In 
summary, it is quite likely that several factors 
influence judgments of onentation but Ghent 
has no doubt identified an important one 

There has been some investigation of the 
generality of the orientation phenomenon 
Antonovsky and Ghent (1964) found similar 
identifications of orientation m Iiaman chil- 
dien Pick, Klein, and Pick (1967) found 
similar identifications on another set of non- 
sense forms, but the consistent identification 
disappeared when the task was performed 
tactually without vision Neither were there 
consistent identifications by totally blind Ss 
However, partially sighted Ss did show con- 
sistent tactual identifications which were 
similar to the visual identifications Goldstein 
has mvestigated the effect of change of verti- 
cal onentation on lecogmtion and learning of 
photographs of faces Brooks and Goldstein 
(1963), studying children between 3 and 14 
years, found that older children are relatively 
better at recognizing inverted photographs 
of their peers than are younger children On 
the other hand, when the task was learning 
to associate a letter with a facial photograph, 
children performed relatively better than 
adults with inverted photographs (Goldstein, 
1965) The paradox of these two sets of re- 
sults has not yet been resolved 

As previously noted, confusions of right 
and left mirror images with each other are 
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also quite common among children In the 
study of Gibson, Gibson, Pick, and Osser 
(1962) the level of errors for up-down mirror 
images was approximately the same as that 
for right-left mirror images It has more often 
been found, however, that nght-left mirror 
images are more difficult For example, 
Davidson (1935) found quite consistently 
with the letters b, d, p, and q that the nght- 
left mirror images were confused more than 
the up-down Further, Rudel and Teuber 
(1963) found that it is more difficult to learn 
to discnmmate between nght-left mirror 
images than between up-down mirror images 
One possibility suggested for the difference 
m difficulty between these transformations is 
an interaction between the type of transfor- 
mation and the direction of their alignment 
Both transformations are usually presented 
m a honzontal alignment and this may make 
comparison of the left-nght muror images 
more difficult Sekuler and Rosenblith (1964) 
and Huttenlocher (1967) have tested such 
a hypothesis Sekuler and Rosenblith found 
a marked interaction, as predicted, in a situa- 
tion involving same-different judgments 
There were very few confusions of up-down 
mirror images when they were horizontally 
aligned, but a large number when they were 
vertically aligned On the other hand, there 
were very few confusions of nght-left mirror 
images when they were vertically aligned and 
a large number when they were horizontally 
aligned Huttenlocher found similar results m 
a discrimination learning situation Learning 
to discriminate between nght-left mirror 
images was relatively more difficult when 
they were honzontally aligned than when 
they were vertically aligned The converse 
was true with the up-down mirror images, al- 
though the magnitude of the difference was 
rather small 

Why should there be an interaction of this 
type? A scanning hypothesis might be in- 
voked Suppose S scanned repeatedly across 
a pair of stimuli in the direction of then- 
alignment, as m a TV scanner, registering 
only the number of elements present on each 
scan Then left-nght mirror images would 
register identically m honzontal alignment, 
and up-down mirror images would register 
identically m vertical alignment Discrimina- 
tion based on such registration would seem 
to handle most of the existing results as far 


as the difference between left-right and up- 
down mirror images are concerned For ex- 
ample, m the Gibson, Gibson, Pick, and Osser 
study where the usual difference was not 
found, the situation did not involve consistent 
horizontal or vertical alignments of the stim- 
uli The model is, m essence, an extension of 
one suggested by Sutherland (1961) to ac- 
count for shape discrimination performance 
in the octopus 

C Intermodal Relations 

The theoretical pomt of view most directly 
concerned with intermodal interaction is the 
sensory-tonic field theory developed by Heinz 
Werner and Seymour Wapner (Werner and 
Wapner, 1949) This point of view has been 
integrated with Werners developmental the- 
ory (Wapner and Wemer, 1957) The basic 
assertion is that perceptual experience is a 
function of the relation between stimulation 
and the organismic state In this theory stimu- 
lation and body tonus or state can be con- 
sidered to be distributed symmetrically or 
asymmetrically with respect to body axes 
When stimulation and body tonus are con- 
gruent, as when they are both symmetncal, 
their relation is considered to be stable When 
they are noncongruent, as when body tonus 
is asymmetric and stimulation symmetric, 
their relation is considered to be unstable 
When unstable, there is a change m the state 
of the organism which is reflected m a change 
m perception The paradigmatic problem is 
perception of vertically The Ss are asked to 
judge whether a rod is aligned vertically or 
not If the task is presented when S’s body is 
upright and tonus is symmetrically distribu- 
ted, the judgment is made accurately If the 
body is tilted and tonus is asymetncally dis- 
tributed, there is an unstable relation leading 
m some cases to incorrect judgment of the 
verticality of the rod Asymmetric stimulation 
may be applied by such means as an extrane- 
ous sound to one side of the head, or by a 
nonsymmetric starting position of the rod to 
be judged It is Wemer s view that develop- 
ment proceeds by increasing differentiation 
and hierarchic integration One implication of 
this view is that there is increasing differen- 
tiation of self from object as a function of 
age It is then predicted that the effects of 
extraneous stimulation will decrease as a func- 
tion of age 
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Wapner and Werner (1957) report an 
interesting factorial experiment in which they 
examined the effect of body tilt and stalling 
position of a rod on judgments of verticality 
Using children ranging m age from 6 to 19 
they found that the youngest Ss tended to re- 
port the rod as vertical when it was tilted 
slightly (0 to 4°) m the direction of the body 
tilt The oldest Ss reported it as vertical when 
it was tilted in the direction opposite to the 
body Starting position biases the Ss toward 
judging the rod as vertical when it is tilted 
in the same direction as its initial position 
This effect is present at all ages but its mag- 
nitude decreases with age The decrease is 
consonant with the hypothesized chffeientia- 
tion of self from object The change m the 
effect of body tilt with age eventually leads 
to overcompensation m adults, they judge the 
rod as tilted away from the diiection of their 
body tilt Similar results of decreasing effect 
with age were shown by these investigators 
in two other situations In one, the task was 
localizing the median plane when a figure in 
the visual field was asymmetrically placed 
In the other, the task was maintaining head 
strain when illumination of the visual field 
was asymmetric 

The development of adaptation to visual 
distortion has been studied within the frame- 
work of sensory-tonic theory Giannitrapani 
(1958) reasoned that if organism and envi- 
ronment are less differentiated m children, 
these children would feel greater impact of 
sensory distortion This m turn would result 
m greater adaptation or adjustment to the vis- 
ual distortion Giannitrapani studied adapta- 
tion to visual magnification and tilt and to 
kinesthetic tilt, and he found the predicted 
trends There were also some sex differences 
m the visual and kinesthetic tilt situations 
Giannitrapani’s analysis implies that the initial 
reaction of the children to the distortion would 
be greater than that of adults An investiga- 
tion by Klein (1966) measured the initial re- 
sponse to three situations in which visual and 
proprioceptive information were put into con- 
flict by means of visual distortion The task 
was to lespond to the proprioceptive informa- 
tion, not the visual The response of Ss at all 
ages was biased by the visual information, but 
there was a trend toward deci easing visual 
bias as a function of age 

The sensory-tome field theory has instigated 


a great deal of interesting work on the prob- 
lem of sensory interaction It has been cuti- 
cized (see Howard and Templeton, 1966) 
and probably fairly for making an artificial 
distinction between organism and stimulation 
The distinction apparently intended is often 
that between exteioceptive and interoceptive 
stimulation Furthermore, it is not always clear 
how the stimulation and tonus are asymmet- 
nc For example, Howard and Templeton 
argue in one case that the tonus in body tilt 
is distributed on the side opposite that indi- 
cated by Wapner and Werner The hypothe- 
sis of greater differentiation with increasing 
age is applied m this framework mainly to 
the concepts of self and environment, but this 
seems unnecessarily restrictive 

IV PERCEPTION AND INDIVIDUAL 
DIFFERENCES 

A. Perception and Intelligence 

The classical empmcist position emphasiz- 
ing the effects of experience on peiception 
implies a relationship between perception and 
intelligence Consider perceptual constancy as 
a model it might be expected that degree of 
constancy would improve with increasing in- 
telligence since constancy may involve inte- 
grating a number of different cues in order 
to make an accurate judgment For size con- 
stancy, for example, the size of the retinal 
image is thought to be registered in relation 
to the distance of the object to yield an ac- 
curate perception The evidence does not sup- 
port this line of reasoning There are a number 
of studies which show that degree of size con- 
stancy increases with chronological age but 
not with intelligence Zeigler and Leibowitz 
(1957), for example, asked 13-year-old boys 
and men to estimate the size of rods placed 
at distances ranging from 10 to 100 feet The 
task required that they select a comparison 
rod of the same size from a group of stimuli 
5 feet away The children and adults showed 
a similar high degree of constancy for neai 
stimuli As the distance increased the adults 
continued to show a high level of constancy, 
whereas the children showed progressively 
less constancy On the other hand, Leibowitz 
(1961), m a very similar situation using adult 
college students and adult retardates with an 
MA of 8 7 years, found equal and high con- 
stancy at all distances for both groups 
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One of the most instructive studies is that 
of Jenkin and Feallock (1960) These inves- 
tigators used approximately matched CA and 
MA controls m a size constancy study similar 
in principle to the studies of Leibowitz A 
group of retarded children with mean CA of 
15 years, 10 months and mean MA of 8 years, 
2 months was compared with normal children 
with mean CA 8 years, 3 months and with 
normal children of mean CA 13 years, 7 
months An additional group of normal adults, 
mean CA 26 years, 6 months, was also tested 
Again constancy mcreased as a function of 
chronological age but not of mental age The 
retardates showed appioximately the same de- 
gree of constancy as the 13-year-old normals, 
more than the 8-year-old normal Ss, and less 
than the adults 

The Gestalt position is another theoretical 
orientation from which relatively explicit pre- 
dictions have been made for retarded Ss 
With some roots in Lewm’s concept of rigid- 
ity (Lewin, 1935) but based primarily on 
Kohlers theory of bram physiology (Kohler 
and Wallach, 1944), predictions have been 
made that figural aftereffects should be more 
difficult to establish in retardates than m nor- 
mals It is reasoned that the hypothesized sati- 
ation which is considered responsible for 
figural aftereffects occurs more slowly m re- 
tardates, This prediction has been confirmed 
m a number of studies (eg, Spitz and Black- 
ham, 1959, and Spivack and Levine, 1959) 
Spivack and Levine found a correlation of 
about 50 between susceptibility to figural 
aftereffects and intelligence in retarded chil- 
dren, but a zero correlation m normal children 
Gestalt physiology notwithstanding, the same 
predictions might have been made on the 
basis of the task requirements The induction 
of figural aftereffects requires prolonged visual 
fixation, a task that may be more difficult for 
retardates than for normals The satiation 
model has also been used to predict a lower 
reversal rate for reversible figures by retard- 
ates Such a prediction has not been consist- 
ently confirmed (see Spivack and Levine, 
1959) Comprehensive general reviews by 
Kodman, by Spitz, and by Spivack of research 
on sensory and perceptual processes m re- 
tarded Ss are available m Ellis (1963) 

Pollack has pursued a promising approach 
to the relation between intelligence and per- 
ception (Jenkin and Pollack, 19-66, Pollack, 


1969) He has observed, following Piaget, 
that there are two types of illusion One type 
decreases m magnitude with increasing age, 
and a second type increases as a function of 
age For Piaget the basis for changes in both 
these types of illusion are changes m the way 
a child scans Pollack suggests that two differ- 
ent mechanisms are implicated He refers the 
decrease m the first type of illusion to phys- 
iological processes independent of intelligence 
For example, the Muller-Lyer illusion de- 
creases with age and with increasing foveal 
pigmentation (see Section IA on depth per- 
ception) It also decreases with decreasing 
figure-ground contrast of the elements of the 
illusion (Pollack, 1963) Pollack found that 
contrast threshold increases m age from 8 
through 12 and suggests that this might ac- 
count for the decrease m the Muller-Lyer illu- 
sion As predicted, the magnitude of the illu- 
sion was significantly conelated with contrast 
threshold but not with intelligence 

On the other hand, Pollack suggests that 
some of the illusions which increase in magni- 
tude with age, such as the Usnadze illusion, 
are related to intelligence The Usnadze effect 
is similar to a figural aftereffect except that 
the exposure times are shorter If two con- 
centric cncles are presented successively, the 
inner after the outer circle, the inner circle 
appears to be smallei than it really is This 
illusion increases with age, as do figural after- 
effects (Piaget and Lambercier, 1944, Pollack, 
1964) In the Delboeuf illusion, which is elic- 
ited by two concentric circles presented simul- 
taneously, the inner one appears larger than 
it really is The magnitude of this illusion de- 
creases with age (Piaget, Lambercier, Boesch, 
and Albertim, 1942) Thus changing the pres- 
entation of an illusion from successive to si- 
multaneous changes its dnection and its le- 
lation with age Pollack (1964) has been able 
to demonstrate an analogous result with the 
Muller-Lyer illusion He used a modified form 
of the illusion and presented the elements suc- 
cessively The direction of the illusion was 
reversed the arrow-tail portion was judged 
shorter, and the magnitude of this reveised 
illusion increased with age Furthermore, m 
this successive form of the illusion the magni- 
tude of illusion is highly correlated with IQ 
Within each age group from 8 to 11 years 
these correlations varied from 73 to 93 
The hypothesis proposed by Pollack ( 1966) 
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Table 1 Development of Susceptibility to Illusions 




Age Groups 


Illusion 1 * 

Reference 

Included 

Age Trend Observed 

Delboeuf 

Gienng (1905) a 

6 and 14 

Decrease 

© o 

Piaget, Lambercier, 

5-12 and adults 

Decrease 

etal (1942) 



a b 

Piaget, Matalon, and 

5-7 and adults 

Decrease 


Bang (1961)* 

Russel (1934)* 

4-6V2 

Small, irregular changes 


Santostefano (1963) 

6, 9, and 12 

No significant age trends 

Parallel lines 

Gienng (1905)* 

6 and 14 

No age change 


Piaget and von 

5-9 and adults 

Decrease 

a b 

Albertim (1950)* 



Titchener circles 

Russel (1934)* 

4-6 and adults 

Small decrease 4 - 6 Vz 

D 

Wapner and Werner 

6-adults 

Irregular increase 

on° OoO 

(1957)* 



°o°o OO 

Wapner, Werner, and 

6-80 

Increase 6-44, then decrease 

a b 

Comalli (1960) 



Size-weight* 

Ciampi ( see Rey, 

3-15, adults, 

Increase in frequency 

n 

1930") 

aments, and 
dements 



Ohwaki (1953)* 

3-5 and aments 

Increase in frequency 

L □ 

Oostlander (1967) 

3-18 

No clear age trends 

ml ftj 

Pick and Pick (1967) 

4-adults 

Increase m magnitude in hap- 
tic presentations, no change 
in visual and visual-haptic 


Rey (1930)* 

5-adults and 

Increase 5-9, then decrease 



aments 



Robinson (1964) 

2-10 

Decrease in magnitude 

Muller-Lyer 

Binet (1895) a 

7-12 and 10-14 

Less m older group 


Gaudreau, Lavoie, 

7-13 normals and 

Decrease m normals, no 

< — - — > 

and Delorme 

10-13 retard- 

change in letardates 

a r 

(1963) 

ates 



Murray (1967) 

Kmdergarten- 

No change 

> 7 < 

Noeltmg (I960) 4 

2nd grade 

5-10 and adults 

Decrease 


Piaget and von 

5-9 and adults 

Less for adults 


Albertmi (1950) 4 
Piaget, Maire, and 

4-10 and adults 

Decrease 


Privat (1954) 4 
Fmtner and Anderson 

6-adults and 

Decrease 


(1916) 4 

aments 



Pollack (1964) 

8-12 

Decrease 


Pollack (1966) 

8-11 

Increase in successive presen- 




tation, decrease in simul- 
taneous (see text) 


Segall, Campbell, and 

5-11 flSid adults 

Children generally more 


Herskovitz (1966) 


susceptible 


Sun (1964) (Abstract 

6-16 

Decrease 


only) 

Van Biervliet (1896) 4 

12-16 and adults 

Less for adults 


Walters (1942) 4 

6-19 

Decrease 6-10, increase 15-19 
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Table 1 Development of Susceptibility to Illusions ( Continued ) 


Illusion 15 

Reference 

Age Groups 
Included 

Age Trend Observed 


Wapner and Werner 
(1957) a 

Wapner, Werner, and 
Comalli (1960) 

6-19 

6-80 

Decrease 6-12, increase 15-19 

Least illusion 20-39 

Honzontal- 

a 

vertical 

Doyle (1967) 

Fraisse and Vautrey 
( 1956 ) a 

Piaget, Matalon, and 
Bang (1961) 

Rivers (1905) a 

Segall, Campbell, and 
Herskovitz (1966) 
Walters (1942) a 

Winch ( 1907) a 

Wursten (1947) a 

7- 11 

6, 9, and adults 

5-7 and adults 

Children and 
adults 

5- 11 and adults 

6- 19 

8- 15 and adults 
5-13 and adults 

Decrease 

Vanes with type of figure 

Deciease 

Less for adults 

No clear age trends 

Decrease 

Slight decrease 

Increase 5-10, then decrease 


b 

Oppel-Kundt 

/ * / / 

Gaudreau, Lavoie, 
and Delorme 
(1963) 

Piaget and Osterreith 
( 1953 ) a 

Piaget and Bang 
(1961) 

7-13 normals, 
10-13 retard- 
ates 

Children and 
adults 

5-7 and adults 

Normals decrease 

Decrease 

Increase 

Perspective 

t=\ 

Wohlwill (1962) 

7, 9, 14, and 20 

Less effect of background on 
adults 

Ponzo 

I 6 

Leibowitz and Heisel 
(1958)* 

Leibowitz and 

Judisch (1967) 

4-20 

31 / 2 -I 8 V 2 and 
older children 

1 

Increase 4-7 

Increase to adulthood, 
decrease m old age 

Poggendorf 

X 

Vurpillot (1957) a 

Leibowitz and 
Gwozdecki (1967) 

5, 7, 9, 12, and 
adults 

5-80 normal and 
16-20 retard- 
ates 

Decrease 

Decrease 5-10 

Sander 

Parallelogram 

Heiss ( 1930 ) a 

Segall, Campbell, and 
Herskovitz (1966) 

Children of all 
ages 

5-11 and adults 

Decrease 

Less in adults 


Table adapted from Wohlwdl (I960) Ve are indebted to Dr, Cynthia Glmer for bringing it 
up to date 

* Illusion cited by Wohlwill ( 1960 ) and study taken from his references 

k In each illustration of illusion comparison is to be made between segments marked a and b For 
the size-weight illusion the larger of two equal weights is perceived as lighter, For the Poggendorf 
illusion the two segments of the diagonal are typically seen as nonlinear. 
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is that phenomena involving temporal integra- 
tion are related to intellectual ability This, 
of course, must be investigated empirically 
and Pollack is doing so It leads one to spec- 
ulate whether intermodal transfer or integra- 
tion might also be related to intellectual ca- 
pacity Such an extension must be complex, 
and it leads to a paradox For example, the 
size-weight illusion must depend on confusing 
weight and size information, that is, the senses 
interact, but inappropriately It is the case 
that the magnitude of size-weight illusion is 
less in letardates than m normals (Spivack, 
1963) and this illusion does not increase with 
age Table 1, adapted from Wohlwill (1960), 
lists a number of perceptual illusions that have 
been studied developmental!/ and indicates 
the age trends if any were found 

B. Perception in Cognition and Personality 

A problem which has received considerable 
attention during the last few years is that of 
consistency and generality of cognitive and 
personality characteristics m perception and 
perceptual development Witkm (Witkm, 
1949, Witkm, Lewis, Hertzman, Machover, 
Meissner, and Wapner, 1954, Witkm, Dyk, 
Faterson, Goodenough, and Karp, 1962) and 
more recently Kagan (1965a and 1965b, 
1966, Kagan, Moss, and Sigel, 1963, Kagan 
and Rosman, 1964, Kagan, Rosman, Day, Al- 
bert, and Phillips, 1964) and Gardner (Gard- 
ner, Holzman, Klein, Lmton, and Spence, 
1959, Gardner, Jackson, and Messick, 1960, 
Gardner and Schoen, 1962) have conducted 
extensive investigations of individual prefer- 
ences or predispositions m perceptual func- 
tioning These are presumed to account for 
qualitative differences m perceptual function- 
ing when stimulus conditions and subject abil- 
ity are held constant 

Kagan’s procedures yield correlation data 
from many measures on early and middle ele- 
mentary school children Among these mea- 
sures are (1) response times m perception 
tasks m which alternative solutions are availa- 
ble, (2) indices of the tendency to analyze 
visual stimuli into components, (3) errors in 
perceptual discrimmation tasks, and (4) pref- 
erences for analytic groupings m a concept 
sorting task Kagan concludes that his inves- 
tigations reveal “two basic cognitive disposi- 
tions that appear to have generality and sta- 
bility* the tendency to analyze visual arrays 


and the tendency to reflect upon alternative- 
solution hypotheses ” (Kagan et al, 1964, 
p 36) These dispositions are postulated to 
be independent of each other and of verbal 
ability and “each of these dispositions con- 
tributes considerable variance to the produc- 
tion of the more complex cognitive products 
of analytic concepts and recognition er- 
rors on tasks requiring complex perceptual 
discriminations ” (Kagan et al, 1964, p 
36) Thus measures (1) and (2) above are 
predictor variables, and measures (3) and 
(4) above are cntenon variables 

The evidence with respect to Kagan’s hy- 
potheses is somewhat equivocal (see Kagan, 
1966, Tables pp 511-512) The measures 
of these dispositions twoard visual analysis 
and reflection do appear to be independent of 
each other and are also unrelated to WISC 
verbal skill measures However, the mtrasub- 
ject consistency of these measures vanes (see 
Kagan et al , 1964, Tables p 24) The test- 
retest correlations for the visual analysis mea- 
sure aie — ,05, + 49, + 20, and + 05 for 
different subject groups, those for one of 
the response time measures are higher + 54, 
+ 74, + 71 and + 51 The mtra-mdividual 
consistency of the cntenon variables is also 
reasonably high, rs of + 56, + 60, + 84, 
+ 44, for perceptual recognition errors and 
+ 70, + 43, and + 47 for the measure of 
analytic sorting 

The various measures of the reflection tend- 
ency response times are not highly l elated to 
each other, slightly less than half of the 24 
correlations between response times on differ- 
ent tasks are + 40 or greater (see Kagan, 
1966, Tables pp 511-512) Thus it is not 
clear that these response time measures are 
tapping a general dimension of reflection-im- 
pulsivity 

Given the moderate degree of stability and 
generality of the measures of reflection- un- 
pulsivity and visual analysis, it would be sur- 
prising if these variables accounted for most 
of the variance m the criterion tasks Indeed, 
this is the case (Kagan, 1966, Tables pp 511- 
512) correlations between reflection measures 
(response times) and errors on the same per- 
ceptual recognition task range from — 11 to 
— 67 with a median r of about — 50, cor- 
relations between reflection measures m one 
perceptual task and perceptual recognition er- 
rors m a second task range from + 31 to 
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— 58 with a median r of about — 33 Cor- 
relations between reflection measures and an- 
alytic sorting, the other criterion variable, 
range from — 05 to + 47 with a median r 
of about + 15 Visual analysis, the second 
predictor variable, has correlations with per- 
ceptual recognition errors ranging from + 03 
to — 41 with a median r of about — 22, vis- 
ual analysis is related to analytic sorting as 
evidenced by rs of — 13, + 44, -f 45, and 
+ 10 Thus the independent piedictor vari- 
ables, reflection and visual analysis, account 
for only small amounts of the variance of the 
criterion variables of recognition errors and 
analytic sorting 

In summary, the evidence does not clearly 
support the hypothesis that the two disposi- 
tions toward visual analysis and leflection con- 
tribute substantially to production of analytic 
concepts and perceptual recognition enors 
Particularly the measure of visual analysis 
shows less than desirable reliability Further- 
more, the several reflection measures show 
only moderate relationship to one another 
Finally, these measures are not highly related 
to the criterion measures of analytic concepts 
and perceptual recognition errors, 

The hypothesis that individual tendencies 
or “styles” of analyzing and responding to 
stimuli should have a broad effect on percep- 
tual functioning is an appealing one and it 
may be that a different reseaich strategy 
might provide stronger support for it For ex- 
ample, Lee, Kagan, and Rabson (1963) con- 
ducted an experiment usmg as Ss boys who 
represented the extreme ends of a distribution 
of scores for production of analytic concepts 
in the sorting task These two groups differed 
m the ease with which they acquired con- 
cepts based on similar elements of complex 
stimuli in a learning task In other words, Ss 
who spontaneously grouped stimuli on the 
basis of certain characteristics also found it 
easy to learn concepts based on the same type 
of characteristics Perhaps this strategy of uti- 
lizing Ss manifesting clear differences on some 
behavior dimension and then observing then- 
performance in tasks whose requirements are 
carefully analyzed may reveal stable and gen- 
eral individual differences in perceptual func- 
tioning A step-by-step analysis of subject 
characteristics, task requirements, and rela- 
tionships between tasks may prove more fruit- 
ful than large correlational studies involving 


performance on widely differing and often un- 
related tasks 

Witkm’s program of research has been ex- 
tremely ambitious and prolific His goal has 
been to relate personality characteristics to 
perceptual functioning Degree of depen- 
dence on the visual field has been studied us- 
ing a variety of perceptual measures Two of 
the measures used to define this dimension 
require S to establish the upnght m the pres- 
ence of a distorting visual frame of reference 
One, a rod-and-frame task, requires S, while 
m the dark, to adjust a luminous rod to the 
true upnght when both it and a sunounding 
luminous frame are tilted Another task re- 
quires S to adjust a chair m which he is 
seated to upnght when both the chan and the 
room m which it is located are tilted The 
extent to which the S ignoies the visual field 
(either the frame oi the room) as a fiame 
of reference and is able to set the rod or his 
own chair close to the true upright is a mea- 
sure of his field dependence or independence 
If he is dependent on the field, he would tend 
to set the rod or chair in alignment with the 
field However, the measure recorded is the 
deviation from true upright in degrees (Wit- 
kin et al , 1954, p 33) This measure does 
not take mto account direction of deviation 
One investigator (Gruen, 1955, 1957) ob- 
served many Ss who overcompensated in 
these tasks Although overcompensation and 
undercompensation may both reflect an in- 
fluence of the visual field, their underlying 
mechanisms may be quite different Perhaps 
direction of deviation should be taken into 
account m these tasks 

A third task used as an index of relative 
degree of field dependence or independence 
is an embedded figures task m which subjecfs 
are asked to locate a simple figure in a more 
complex pattern For this task the measure 
recorded is the amount of time elapsed before 
a correct solution is reached. 

The developmental trends m all three tasks 
are quite consistent and similar Between the 
ages of 8 and about 17 years there is a de- 
crease m relative field dependency, That is, 
older Ss take less time to locate the embedded 
figures and they adjust the rod or chair closer 
to the true upnght than do younger Ss Thus 
field independence is considered a more ad- 
vanced level of development than field de- 
pendence There are also consistent sex dif- 
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ferences with boys and men showing a greater 
degree of field independence than girls and 
women It is interesting to note that Witkm 
has identified a response dimension which 
varies with age, and he uses it to interpret in- 
dividual differences even m adults as reflect- 
ing different degrees of psychological de- 
velopment However, he has stopped short of 
interpreting the lesser field independence of 
women as reflecting a lowei level of psycho- 
logical development! 

The relationship among the measures foi 
the various tasks is moderate The median 
con elation coefficients between the rod-and- 
frame and embedded figures tasks of different 
groups are 32 for women and 44 for men 
Those between the chair adjustment and rod- 
and-frame task are 37 for women and 42 for 
men The median coefficients between the 
chair adjustment and embedded figure tasks 
aie about 36 for women and about 33 for 
men (Witkm et al , 1954, Tables p 144) 

The personahty vanables hypothesized to 
be related to mode of peiceptual functioning 
have been measured m a variety of tasks, for 
example, Rorschach, TAT, figure-drawing 
tests, and clinical interviews An evaluation 
of the validity of these measuies is beyond 
the scope of this chapter, but Postman 
(1955) and Zigler (1963) in leviewmg Wit- 
kin's work have argued that this problem has 
not been adequately dealt with It would 
seem to be an important problem since the 
underlymg thesis of Witkm's work is that the 
personahty variables determine the individual 
differences m perception In the present con- 
text, then, it is relevant to review the degree 
of relationship between the perceptual and 
personahty measures 

For adult groups of Ss, median correlations 
between perceptual measures and interview 
vanables (eg, ratings of degree of self- 
awareness, repression of hostility, self-es- 
teem) range from 33 to 54 Median correla- 
tions between the perceptual measures and 
Rorschach measures (eg, scores for Whole, 
Popular, Color, for m responses) range from 
22 to 41 Median correlations between per- 
ceptual measures and figure drawing scores 
(e,g , lack of body confidence, lack of drive) 
range from 45 to 63, and the median corre- 
lations with TAT scores (e.g , lack of self- 
assertiveness, unfavorable outcome) range 
from about 0 to 45 (Witkm et al, 1954, 


Tables pp 191-192, 218, 246, 274) Thus 
the relationships between perceptual mea- 
sures and personahty measures can be de- 
scribed as low to moderate It has been argued 
(see Postman, 1955, Zigler, 1963, Gruen, 
1957) that there aie some methodological 
problems with these procedures some of 
which would inflate the correlation coeffi- 
cients, for example the specific manipulations 
employed m obtaining the personality scores, 
familiarity by E with the hypothesis being 
tested in situations where scormg is quite 
subjective, and unreliability of scoring the 
peisonahty measures 

It is difficult to assess the strength of the 
suggested personality-perception relationships 
in children since most of the studies do not 
present correlation coefficients However, 
refeience is made m one report (Witkm et 
al , 1964, p 190) to correlations obtained 
with children between perceptual measures 
and figure drawing These correlations range 
from 44 to 76 Zigler (1963) has suggested 
that such relationships may be accounted for 
by factors common to these measures and 
standard intelligence measures This possi- 
bility has not been explored fully but did re- 
ceive some suppoit from Gruen (1957) He 
found lower intercorrelations than Witkm and 
different patterns of mtercorrelation among 
the perceptual and personality measures 
separately, but he found personality-percep- 
tion correlations of the same magnitude as 
Witkm Furthermore, a factor analytic study 
(Goodenough and Karp, 1961) found signifi- 
cant relationships between the perception 
measures and performance on several sub- 
tests of the WISC 

In summary, it can be said that much re- 
search has been stimulated by Witkm's ideas 
Many of the studies support the relationships 
hypothesized by him (Dyk and Witkm, 1965, 
Witkm, 1950, 1964, Witkm et al , 1966, Wit- 
km and Wapnei, 1950), but there are many 
that do not (Dana and Goocher, 1959, 1960, 
Vaught and Elhnger, 1966, Vaught and Au- 
guston, 1967; Gruen, 1957) The lack of con- 
sensus among the studies may be due to the 
vagueness of the basic concepts and conse- 
quent difficulty m investigation or it may be 
that the relationships are not as decisive as 
Witkm suggests A more geneial hypothesis 
is that Ss respond to these tasks differently 
and neither the perception nor the personal- 
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lty measures reflect unitary dimensions In 
other words, the individual differences may 
reside not in the ways Ss perceive the world, 
but m terms of their interpretations of the 
task presented 

A third extensive program of investigation 
concerned with individual differences is that 
of Gardner (Gardner et al , 1959, 1960, Gard- 
ner and Schoen, 1962, Gardner and Long, 
1962, Holzman and Klein, 1954) The par- 
ticular individual tendencies which these in- 
vestigators have explored are termed cogni- 
tive controls These controls are viewed as 
structures or organizational tendencies that 
mediate an individual's perceptual cognitive 
and personality functioning Examples of 
some controls are tendencies toward constric- 
tion or flexibility and toward leveling or 
sharpening Each of several controls has been 
defined m terms of specific tasks, and factor 
analytic techniques have been employed to 
investigate the nature and generality of the 
hypothesized controls The controls are as- 
sumed to be dimensions rather than dichoto- 
mies for categorization of behavioral tenden- 
cies 

The bulk of this careful and systematic in- 
vestigation has been conducted with adult 
samples The stability of the measures of cog- 
nitive controls appears fatfly high 3-year 
test-retest data on one sample yielded correla- 
tions ranging from 36 to 75 with a median 
r of about 60 (Gardner and Long, 1960) 
Unfortunately, little work with children has 
apparently been reported However, Gardner 
suggests that studies with children of the de- 
velopment of stable cognitive control patterns 
are important parts of the general investiga- 
tion (Gardner et al , 1959, 1960) and has 
indicated that an extensive investigation of 
this type is underway (Gardner, 1964) One 
study with children by the Gardner group is 
a cross-cultural study m which Mexican and 
U S children of the same age were compared 
m performance on an object sorting task 
(Mercado, Guerrero, and Gardner, 1963), 
The two groups differed somewhat m the 
types of categories formed with the objects, 
for example, the Mexican children made 
fewer categories than the U S, children, but 
if single objects were not scored as categories, 
then the Mexican children made more cate- 
gories with the objects The general implica- 
tions of these differences are not clear 


Gardner sees a close relation between the 
studies of cognitive control and Witkm's in- 
vestigations of field dependence-independ- 
ence and their development In fact, one of 
Gardners cognitive controls, “field articula- 
tion,” seems to subsume the dimension of field 
dependence-independence, and two of its sev- 
eral measures are Witkm's rod-and-frame 
task and his embedded figures task 

Selective attention emerges as an important 
concept in Gardner's theoretical framework 
This refers to a dimension of degree of atten- 
tion to relevant though subtle aspects of stim- 
ulation rather than to irrelevant though com- 
pelling aspects in perceptual and cognitive 
tasks Selective attention is viewed by Gard- 
ner as a crucial process in both Witkm's and 
his own studies, 

A final note relevant to all of these investi- 
gations of individual differences concerns the 
problem of typologies All three primary in- 
vestigators — Kagan, Witkm, and especially 
Gardner — assert that the variables with 
which they are concerned are dimensions and 
not dichotomies Nevertheless, m Kagan's and 
Witkm's work, and to a lesser extent m Gard- 
ner's, one finds these variables discussed at 
length as though they were categories of be- 
havior Kagan discusses reflective and impul- 
sive types of individuals, and Witkm often 
discusses field-dependent and field-independ- 
ent types of individuals Furthermore, the 
nature of the studies conducted do not reveal 
whether the variables are dimensional or cate- 
gorical It would seem important to establish 
their nature early in the research programs 
In short, it seems that studies of individual 
differences m perceptual development have 
not yet revealed any variables, either dimen- 
sional or categorical, which account for much 
of the subject variability m perceptual per- 
formance It seems important to avoid the 
suggestion of dichotomies in this area until 
their presence is clearly established 

V DEVELOPMENT OF PERCEPTION 
OF COMPLEX EVENTS 

Processing of complex information un- 
doubtedly mvolves at least perception, learn- 
ing, and cognition It would be fruitless to try 
to draw a sharp distinction between the end 
of one process and the beginning of another 
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In this section only the perceptual aspects will 
be emphasized 

A. Perception of Moving Stimuli 

There has been very little study of chil- 
dren s peiception of real movement As 
pointed out m Section II on sensitivity, the 
optokinetic response to a moving series of 
stripes has been used to measuie acuity The 
fact that even neonates exhibit such a re- 
sponse and the fact that they will track in 
the direction of a moving stimulus indicates 
an early gross sensitivity to motion However, 
m these studies measurement of degree of 
sensitivity was not undertaken Carpenter and 
Carpenter (1958) showed that two older 
children, 81 and 108 months, could discrimi- 
nate between a stationary and moving stimu- 
lus In this case speed of movement was 
varied and thresholds for detection of motion 
were determined Edgren (1953) investigated 
the peiception of motion in Ss from 8 years to 
old age In many respects he replicated the 
classic work on this topic by Brown (1931) 
Brown had demonstrated that the pheno- 
menal velocity of a moving stimulus varied as 
a function of distance, size of stimulus, and 
direction of movement, among other factors 
Edgren presented the moving stimuli by 
means of motion pictures Although this is 
not real movement, his results replicated the 
effects obtained by Brown with real move- 
ment for the variables of distance, size, and 
direction The direction variable was the only 
one for which an age trend was obtained 
Vertical movement was seen as faster than 
horizontal movement and this difference de- 
creased slightly though significantly with age 
Edgren suggests that the overestimation of 
vertical speed may be related to the fact that 
vertical distances are overestimated relative 
to horizontal as in the horizontal-vertical illu- 
sion It might be pointed out as further sup- 
port for Edgren's explanation that the hori- 
zontal-vertical illusion decreases with age 
(see Wohlwill, 1960) 

There has been more direct concern with 
responsmty to apparent movement, Rock, 
Tauber, and Heller (1965) presented evi- 
dence that naive guppies and praying man- 
tises respond with an optokinetic response to 
a sequence of illuminated stnpes which are 
seen as moving by human adults, and Tauber 
and Koffler (1966) showed the same result 


for human neonates Haith (1966) also found 
that neonates respond to a sequence of lights 
which adults perceive as movmg His re- 
sponse measure was inhibition of sucking, 
which did not occur to a stationary light Of 
course studying the perception of motion in 
nonverbal Ss poses a problem similar to that 
m studying the perception of depth decidmg 
whether differential response implies percep- 
tion of the stimulus as movement The opto- 
kinetic response as an index has some face 
validity for inferring that movement is per- 
ceived since the slow tracking component of 
nystagmus probably cannot occur (in hu- 
mans) to discrete stimuli m different posi- 
tions 

Older children, of course, can report when 
they see movement Brenner (1957) presented 
to Ss ranging from 2 l / 2 to 19 years a pair of 
stimuli designed to elicit apparent movement 
Each stimulus was presented for 25 ms and 
the mterstimulus interval was varied The 
presentation of the stimuli was repeated con- 
tinuously to give the Ss an opportunity to 
make a judgment In such studies, as the m- 
terstimulus interval varies from short to long, 
Ss* reports vary from seemg two simultaneous 
stimuli to seemg one stimulus moving be- 
tween two positions, to seeing two stimuli m 
succession The data can be analyzed m terms 
of the range of mterstimulus intervals m which 
Ss report movement In Brenner's study the 
midpoint of this range was a shorter interval 
for the younger children than for the older 
In addition, the range was less wide for the 
younger than for the older 

Pollack (1966) also studied apparent move- 
ment with children from 6 to 11 years of age 
His stimuli were presented for 50 ms and 
again the mterstimulus interval was varied. 
He found a curvilinear relation between the 
midpoint of the range of intervals eliciting re- 
ports of movement and age, the midpoints 
were longer for the youngest and oldest chil- 
dren, decreasing to a minimum for the 9-year- 
olds This age trend was due almost entirely 
to variation m the transition from reportmg 
movement to reporting succession The tran- 
sition occurred at longer intervals for the 
youngest and oldest children and at shorter 
intervals for the 9-year-olds. The transition 
from reportmg simultaneity to reporting move- 
ment occurred at a constant interval at all ages 
Pollack suggests that the difference between 
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his and Brenner s results might be due to the 
very different stimuli used For example, Bren- 
ner s stimuli were much larger, subtending a 
visual angle of 35° while Pollack’s subtended 
only 2° Such a difference might be reason- 
able from Pollack’s point of view He attrib- 
uted the early downward trend in range mid- 
point to physiological age changes If the 
crucial changes are changes m neural inter- 
action m the peripheral visual system, they 
might well be manifest only over short dis- 
tances on the retina, and so not be reflected 
in the perception of larger stimuli such as 
Brenner used 

Schiff (1965) examined the responses of a 
large number of species to an expanding vis- 
ual stimulus Animals from fiddler crabs to 
humans responded to an expanding shadow 
as if it were an approaching object One S, 
a 5-year-old girl, consistently reported move- 
ment (as did the other human Ss) and in fact 
bhnked and withdrew her head on several 
presentations 

In summary, it would seem that even young 
children are sensitive to movement and to 
stimuli eliciting apparent movement The 
change in sensitivity with age needs more 
study There are many other questions about 
perception of motion that have not been sys- 
tematically explored For example, investiga- 
tion of children’s sensitivity to trajectory of 
movement, their ability to extrapolate and 
predict time and point of impact might lead 
to interesting qualitative age differences in 
perception A good review of the existing 
literature on these and related topics can be 
found m Gibson and Olum (1960) 

B Development of Language Perception 

Little direct evidence is available about the 
early development of phoneme discrimination 
Most of the ideas are based on inferences 
from such sources as the biographical studies 
of speech production (eg, Velton, 1943, 
Leopold, 1939) Ervin and Miller (1963, pp 
111-114) have summarized the data from 
many of these studies and suggest some gen- 
eralizations about the order in which pho- 
nemes are produced, for example, a vowel- 
consonant distinction is acquired first These 
regularities m the development of phoneme 
production lend support to Jakobson’s (Jak- 
obson and Halle, 1956) hypotheses about the 
relation between distinctive or contrasting fea- 


tures of phonemes and the order in which 
phonemes are acquired For example, vowels 
and consonants differ by many contrasting 
features, and this distinction appears early m 
language development 

One Soviet study of phoneme disenmma- 
tion is summarized by Slobm (1966, pp 381- 
382) Shvachkin trained Ss toi associate words 
differing by one phoneme with different ob- 
jects The results, for Ss between 11 and 23 
months of age, implied that vowels generally 
are discriminated before consonants The 
trends are similar to those for speech produc- 
tion The available stimulus information, as 
well as die number of distinctive features, may 
be relevant for the development of phoneme 
discrimination In one study with adults 
(Woodward and Barber, 1960) it was found 
that phoneme differences were most discrim- 
mable when both auditory and visual infor- 
mation was available (a sound movie) , next 
most discnminable when only auditory infor- 
mation was presented (sound without film), 
and very poorly discriminated when only vis- 
ual information was presented (film without 
sound) Perhaps the number of phoneme con- 
trasts and their redundancy in terms of the 
perceptual modalities are factors in determin- 
ing the developmental order in which they 
are perceived 

There is evidence, from the Haskms Lab- 
oratory, that adult acuity for detection of 
some phoneme differences is a matter of im- 
proved discrimination at phoneme boundanes 
rather than degradation of acuity within 
phoneme categories (Liberman, 1957). Con- 
siderable evidence has been amassed by 
this research group to the effect that phoneme 
identification is more closely related to units 
of speech production than to simple units of 
acoustical analysis For a thorough review of 
this research program and a discussion of the 
theory of speech perception which underlies 
it, see Liberman, Cooper, Shankweiler, and 
Studdert-Kennedy (1967) 

Finally, it is not surprising to find a relation 
between children’s ability to discriminate 
speech sounds and their early reading achieve- 
ment Leutsch (1964) found that discrimina- 
tion of speech sounds was better for good 
readeis than for poor readers m the early 
grades Since reading involves decoding writ- 
ten language into the spoken language, it is 
to be expected that individuals poor at dis- 
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criminating some of the speech sounds might 
also have difficulty learning to read 

At the syntactic and semantic level of lan- 
guage development the evidence, again, is 
primarily from studies of language pioduction 
and hence is, by necessity, inferential with 
respect to language perception Yet one of the 
important questions to be investigated is just 
that relationship between perception and pro- 
duction of language Another question con- 
cerns the units m which spoken language is 
piocessed and stored 

Spoken language appeals to be salient au- 
ditory stimulation fairly early m development 
Slobin (1966, p 367) summanzed a Soviet 
study of Fradkma which found that in infants 
of 10 to 11 months of age it was very much 
easiei to condition a response to a woid than 
to other auditory stimuli Infoimation about 
the auditory units in which spoken language is 
processed comes fiom several types of studies 
Conditioning experiments show fairly consis- 
tent developmental changes m the type of 
word to which a conditioned response will 
generalize Riess (1946) found maximum gen- 
eralization to hornonvms of stimulus words m 
8-year-old Ss, to antonyms m somewhat older 
children, and to synonyms m children 14 
years and older Razran (1961) descnbed 
some Soviet experiments providing more evi- 
dence that with increasing development, gen- 
eralization of a conditioned response occurs 
moie on a semantic and less on a phonetic 
basis In one of these expenments Luna ob- 
served generalization in normal and mentally 
retarded children of the same age Extremely 
retarded Ss generalized a CR only on a pho- 
netic basis, normal Ss generalized only on a 
semantic basis, and moderately retarded Ss 
generalized to words both phonetically and 
semantically related to the conditioned stimu- 
lus word 

Slobin (1966, pp 365-366) summarized 
an experiment by El’kin in which the condi- 
tioned stimulus was an entire sentence He 
then observed the strength of generalization 
to parts of the sentence m children of different 
ages, For his youngest Ss, 10 to 12^ years, 
generalization was greater to words at the be- 
ginning or end of the sentence, for Ss 12 to 
14 years, generalization was greatest to the 
subject and predicate* and in the oldest Ss, 
14 to 16 years, semantically important parts 


of the sentences elicited maximum generali- 
zation 

The basis for the developmental changes 
found m these studies is not clear and one 
variable that might be involved is readmg 
skill Biown and Beiko (1960a), in an experi- 
ment that involved free associations and use 
of new woids, found that words were mcieas- 
mgly associated with each other on the basis 
of a syntactic lelationship as children became 
older From fust to third giade there was a 
marked mciease in associations that weie the 
same pait of speech as the stimulus word as 
compared with associations that were a dif- 
ferent part of speech 

These developmental changes m geneiali- 
zation of conditioned lesponses and m free 
word associations may reflect changes m the 
aspect of the stimulus complex on which at- 
tention is focused With increasing develop- 
ment, it may be semantic and syntactic vari- 
ables lather than phonetic variables which 
aie attended to and are perhaps the units m 
which speech is processed and stored 

Other information about the units of au- 
ditoiy perception of speech comes from ex- 
periments using tasks which require Ss to 
attempt some tvpe of analysis of words or 
gioups of woids Zhurova, as summarized by 
Slobm (1966, pp 385-386), required chil- 
dren to isolate and pronounce only the first 
or last sounds of individual words In general, 
it was more difficult to isolate the final sound 
than the first sound Three- to five-year-old 
children first had to pronounce the entire 
word befoie they could pronounce only the 
requested sound Six- to seven-year-old chil- 
dien could pioduce the requested sound 
alone Thus the older children could better 
analyze the sounds of the woid, or at least 
focus attention on one sound segment of the 
word 

A task which, m some sense, is the con- 
verse of Zhui ova’s was used by Bruce (1964) 
He asked 5- and 9-yeai-old children to re- 
spond with the word lemaimng after a partic- 
ular sound was deleted from a laiger word 
As m the pievious task, peifoimance was best 
when the sound was removed from the be- 
ginning of the word and next best when it 
was removed from the end of the word The 
5*year-old Ss apparently could not perform 
this task at all, but the 9-year-olds could Al- 
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though it is difficult to compaie age groups 
directly m these two studies, one might cau- 
tiously suggest that the task of producing the 
word remaining after a deletion is more dif- 
ficult than producing the sound to be deleted 
from a particular location m the woid Per- 
haps the second task requnes the capacity to 
analyze and focus attention on the sounds of 
the word sepaiately, the first task requnes, 
in addition, the capacity subsequently to 
change the focus of attention fiom the iso- 
lated sound to the remaining sounds 

Huttenlochei (1964) asked children to pei- 
form an analysis of woid sequences rather 
than single words Childien of 4 and 5 years 
weie asked to leveise two-woid utteiances, of 
vanous types Pans of words which comprised 
a common giammatical sequence were diffi- 
cult for the childien to reveise, wheieas pairs 
of letteis or numbers, woids of the same part 
of speech, and words forming an anomalous 
grammatical sequence were lelatively easier 
It seemed that the ability to sepaiate the 
members of a pair was a significant factor m 
determining whether the sequence could be 
reveised Thus the capacity to focus attention 
on the separate elements was a necessary con- 
dition for performing another operation, le- 
versal, on the sequences 
These three studies piovide us with some 
information about the units of speech which 
can be attended to by children of different 
ages since the different tasks mav lequire that 
attention be focused on part of the speech 
stimulus in order to successfully peiform the 
task The data considered thus fai present a 
paradox on the one hand, older children 
seem to process speech in more complex units 
than younger, on the other hand, oldei chil- 
dren are also better able than younger children 
to analyze speech into smaller units and sepa- 
iate sounds It may be that this paiadox is 
related to the development of attention (see 
Section VI) Pei haps older childien are simply 
better able to focus attention on whatever 
aspect of the speech stimulus is lelevant Nor- 
mally, this will be a laiger rathei than a 
smaller unit, but if the task requires, this will 
be as small a unit as a single speech sound 
The importance of the task requirements is 
illustrated in a study by Amsfeld (1966) m 
which he examined children’s knowledge of 
pluralization using three slightly different pro- 


duction tasks and three diffeient recognition 
tasks The pioduction tasks requned Ss to 
pioduce various pluial forms, wheieas the 
recognition tasks lequned Ss to lecogmze the 
pictures to which vanous pluial forms weie 
appiopnate Theie were diffeiences m diffi- 
culty among the two types of task, generally 
the le cognition tasks were easier than the 
production tasks, but one of the recognition 
tasks was as difficult as two of the production 
tasks 

Two techniques used with adults might be 
adapted for use with childien m older to tap 
moie directly the perceptual processing of 
speech Ladefoged and Broadbent (1960) 
and Fodoi and Bever (1965) had Ss listen 
to spoken sentences and report the place m 
the sentences where an extraneous sound oc- 
cuned Sounds weie fiequently displaced to 
a syntactic boundaiy In addition, if sounds 
weie, in fact, located at a boundary, they 
weie more often coirectly peiceived than 
when their actual location was m the middle 
of a linguistic segment Mehler and Carey 
(1967) piesented sentences against a back- 
ground of white noise and asked Ss to wnte 
what they heard Sentences differing m sur- 
face structuie fiom those previously piesented 
weie maccuiately perceived These studies 
demonstrated the effect on pei ception of lin- 
guistically defined units of speech Whether 
the linguistic lules that affect pei ception will 
be the same for developing speakers and ac- 
complished speakers should be investigated 
The precise nature of the relation between 
pei ception and pioduction m language devel- 
opment is difficult to assess Developmental^, 
theie may be a lag between speech perception 
and pioduction since the piesence of such a 
delay between comprehension and production 
is quite well documented (eg, Fraser, Bel- 
lugi, and Biown, 1963) The reasons for such 
a delay, such as S’s intei pretation of a task 
piesented, are beginning to be investigated 
(Kaplan and Yonas, 1967) 

The descnptive recoids of individual chil- 
dren’s language development contain informa- 
tion about con elated changes m speech per- 
ception and production (Brown and Bellugi, 
1964, Ervin, 1964, Brown and Fraser, 1964, 
Millei and Ervin, 1964) All such studies seem 
to agree that children’s imitations of adult 
speech are shortei than the original, and that 
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the reductions are systematic The parts re- 
tamed in imitations seem to be the most in- 
formative parts Whether the reduction is 
based on analysis of information, or whether 
the more informative parts are m certain loca- 
tions in sentences and the locations are per- 
ceived, or whether the more informative parts 
are more discriminable because of a factor 
such as greater stress is not clear at present 

There has been a great mcrease recently in 
investigations focusing on reading and learn- 
ing to read This may reflect the increased 
national interest in remedial reading pro- 
grams Psychologically, it reflects the the rec- 
ognition of reading as a complex activity 
suitable for analysis m terms of basic percep- 
tual and perceptual learning processes Kolers, 
for example, described three levels of activ- 
ity of a reader as includmg letter recognition, 
response to grammatical context, and percep- 
tion of word meamngs (Kolers, m press) His 
experiments with adult Ss have included stud- 
ies of item recognition and of readability of 
text under a variety of geometric transforma- 
tions (Kolers, 1968) He finds similarity for 
reading Hebrew and English m the order of 
difficulty of different transformations He con- 
cludes that the transformation and not the 
orientation of single letters is related to the 
difficulty of reading transformed text 

Eleanor Gibson has conducted extensive 
theoretical and experimental analyses of the 
stages of reading and learning to read (Gibson, 
1965, Gibson, 1969) In her view, the first 
phase of learning to read is acquiring the 
spoken language Learning to read then in- 
volves learning to decode the written language 
to speech This mastery of the written langu- 
age proceeds through three generally sequen- 
tial stages The first is learning to discrimin- 
ate among the written elements — the letters 
of the alphabet Second, the child must learn 
to decode the letters to the sounds of speech 
Finally, as he becomes a skilled reader he 
learns to use all the ‘rules” in the language 
such as spelling structure and grammatical 
structure In short, he learns to process larger 
and more complicated units of the written 
language Gibson and some other investiga- 
tors have conducted experiments bearing on 
the perceptual learning processes of each of 
these levels and they will be discussed in that 
order. 

The developmental course of letter discrim- 


ination was investigated m the study by Gib- 
son, Gibson, Pick, and Osser (1962) discussed 
previously Improvement m such discrimina- 
tions occurred between the ages of 4 and 8 
years The rates of improvement depended on 
the type of discrimination mvolved, that is, 
whether or not the difference was critical for 
distinguishing among real letters (see Section 
IB ) 

The question of whether this impiovement 
m letter discrimination with age might reflect 
some type of learning was asked m a study by 
Pick (1965) She tramed kindergartners to 
make discriminations among standard letter- 
like forms and various transformations of the 
standard forms Then, m a transfer task, the 
Ss made discriminations among forms which 
were either (1) the same standard forms as 
m the training stage, but new transformations 
(prototype group), or (2) different standard 
forms from those m the tiaming stage but 
the same types of transformation (distinctive 
feature group); or (3) different standards 
and transformations from those m the training 
stage The performance of the second group, 
whose members discriminated among forms 
they had never seen before but which varied 
among each other on the same dimensions as 
their training stage forms, was superior to that 
of the other two groups Thus improvement m 
discrimination of forms like letters might pri- 
marily involve learning to attend to and re- 
spond on the basis of dimensional differences 
among the forms 

In another study Gibson (1965) found that 
for 4-year-olds, difficulty of matching real 
letters was highly related to the difficulty pre- 
dicted on the basis of an analysis of the num- 
ber of differences or distinctive features dis- 
tinguishing one letter from another Three 
studies investigated the utilization of such dis- 
tinctive features in tasks of searching for a 
visual target letter (Gibson and Yonas, 1966a, 
1966b, Yonas and Gibson, 1967) These are 
described in detail m Section VIC These 
studies generally imply that distinctive fea- 
tures of letter forms rather than letter names 
or Gestalt shape variables are the basis for 
improved discrimination of the forms as a 
function of age and experience 

Once the letter forms are perceptually dis- 
tinguished, the beginning reader is faced with 
the problem of decoding the graphemes into 
speech sounds Bishop (1964), m an experi- 
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ment with adults, compared the effect of let- 
ter-sound training with word training on per- 
formance m learning a new list of nonsense 
words In a paired associate task, Ss either 
learned to associate single sounds such as fa 
with Arabic graphemes (phonics method) or 
they learned to associate two-syllable nonsense 
words such as faru with written words com- 
posed of two Arabic graphemes (whole-word 
method) Following training to a criterion, Ss 
m both groups were presented with a second 
paired associate task in which the items were 
two-syllable words to be associated with two- 
grapheme written words The two-syllable 
words, both m the whole-word training list 
and in the transfer list for both groups, were 
composed of the letters and sounds used in 
the single-letter training Ss trained with the 
smgle letter-sounds learned the second word 
list faster than Ss trained with a first list of 
words Furthermore, the basis for transfer ap- 
peared to be the letter-sound relationships 
regardless of whether Ss had been trained 
with them or whether they had abstracted 
them from the list of words Jeffrey and Sam- 
uels (1967) recently replicated this finding 
with kmdergartners They found a significant 
effect of letter training on correct responses on 
the first transfer trial as well as in number of 
trials to learn the new list On this latter mea- 
sure, Ss receiving word training were no faster 
at learning the second list than a control group 
of Ss who had received no training 

The units of processing at a more complex 
and skilled level of reading are surely not 
single letters Adults find it extremely diffi- 
cult to read material which is presented one 
letter at a time sequentially (Kohlers and 
Katzman, 1966, Newman, 1966) There is no 
particular reason to suppose that children who 
have attained some skill in reading find it 
any easier to process written text letter by 
letter 

The question of what the higher-order per- 
ceptual units of skilled reading are has been 
investigated in a number of experiments Gib- 
son, Pick, Osser, and Hammond (1962) found 
that for adults pseudo-words constructed ac- 
cording to the rules for English spelling were 
more easily perceived than pseudo-words 
which were not The hypothesis entertained 
m this experiment was that the complex spell- 
ing-sound relationships define perceptual units 
in written material The results of this experi- 


ment have been replicated with children 
(Gibson, Osser, and Pick, 1963), with Braille 
readers (Pick, Thomas, and Pick, 1966), and 
with deaf readers (Gibson, Shurchff, and 
Yonas, 1966) A variety of control procedures 
ruled out the possibility that some type of 
frequency of occurrence variable accounted 
for the ease with which the one group of 
words was perceived as compared with the 
other (see also Gibson, 1964) Since the deaf 
readers performed like the other Ss, and since 
they could not utilize the sound correspond- 
ence, it may not be the spelling-sound cor- 
respondences which operate as perceptual 
grouping principles but instead the spelling 
patterns themselves Most of these Ss did not 
speak either though, and they may have 
learned to read in a manner quite different 
from normal readers The question of the us- 
ual function of the sound relationship in form- 
ing larger perceptual units of written matenal 
is not settled by testing the deaf Ss Bever 
and Bower (1966) are investigating the pos- 
sibility that some readers may directly per- 
ceive written matenal (“visual readers”), 
whereas others perceive it in terms of the 
sound relationship 

The way m which the spelling patterns are 
learned is a problem only recently studied 
Wallach (1963) found a significant positive 
relationship between fifth graders’ spelling 
achievement scores and their accuracy in tach- 
istoscopic recognition of letter sequences ap- 
proaching real English words (eg, mossia, 
everal) as compared to random sequences of 
letters He interpreted this relationship as sug- 
gesting that spelling skill consists of learning 
the sequential probability arrangements of 
letters Of course, the relationship could also 
be a function of learning spelling-sound reg- 
ularities Perhaps if Wallach had used non- 
sense letter sequences consisting solely of 
English spelling-sound regularities (instead of 
approximations) as compared with random let- 
ter sequences, the relationship between spell- 
ing skill and recognition accuracy would have 
been even greater 

Gibson, Farbei, and Shepela (1967) stud- 
ied directly the way m which spelling patterns 
might be learned They used a learning set 
procedure and asked whether regularities in 
spelling patterns could provide a basis for im- 
provement in performance across problems 
The Ss were m kindergarten and first grade, 
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and each problem was a pair of four-letter 
words 01 pseudo-words The conect members 
of the pairs contained a common two-lettei 
pattern m a given location The m conect 
members of the pairs differed from the coirect 
members by only one lettei The results fiom 
the kmdergartners were difficult to mterpiet 
since they could not pay attention to the task, 
but the first giaders did form learning sets 
with the material That is, they showed the 
impiovement over problems that one would 
expect if they weie basing their responses 
directly on the structural regularities and look- 
ing for such legularities m new pioblems 

The function of giammatical stiuctuie m 
processing written matenal has been the sub- 
ject of some lecent investigations Levm and 
Meanni (1964) pioposed the hypothesis that 
attention tends to be focused on those parts 
of a woid that are moie important or informa- 
tive Specifically, they hypothesized that 
Italian readers would attend moie to the ends 
of words than English leadeis because there 
are moie inflectional suffixes m Italian than 
m English They presented children who were 
either English oi Italian readeis with a sort- 
ing task consisting of a numbei of nonsense 
woids m which the location of the cnterial 
attribute varied The two groups performed 
equally well when the cntenal attubute oc- 
curred at the beginning of the woids, but 
when it occurred at the end of the word the 
Italian children performed bettei than the 
American children Here the giammatical 
structuie of the language seems to function 
to dnect attention to one or anothei part of a 
word 

The technique of measuring the eye-voice 
span (EVS) has been used by Levin to in- 
vestigate the function of grammatical struc- 
ture in perceptual processing of written text 
with children and adults This technique mea- 
sures the "distance” that the eye is ahead of 
the voice m oral reading The distance is de- 
termined simplv by removing the text from an 
S while he is leading aloud and then counting 
die number of words he is able to lepoit cor- 
lectly With unstructured lists of words the 
number of woids in the EVS remains quite 
constant for a given S, but with sentences 
the size of the EVS varies with structuial 
characteristics of the sentences (Levin and 
Turner, 1966, Levm and Kaplan, 1966) For 
example, these studies found that the EVS 


tends to reach to the end of a phiase rather 
than stopping befoie the phrase boundaiy The 
EVS is shortei m active sentences than m 
comparable passive sentences, which aie more 
constrained or predictable Geneially, the 
EVS mci eases with age and it is greater for 
fast leaders than foi slow ones 

The question can be raised as to whether 
these vanous giammatical constraints affect 
what the S can report by guessing on the 
basis of piobabilities or whethei they really 
affect what the S sees That the effect is on 
the perceptual piocess and not just on facility 
of guessing is implied strongly by additional 
measuies used m the Levm and Kaplan study 
Ss weie given a recognition test m which 
some of the woids weie fiom the expenmen- 
tal matenal and otheis had visual and seman- 
tic similanty to the expeiimental woids On 
this measuie, the ratio of correct to incorrect 
recognitions was extiaoidmanly great If the 
Ss aie meiely guessing when the EVS mea- 
sures aie taken, one might expect many of 
the guesses to be woids visually and seman- 
tically similar to the correct words On the 
other hand, it is possible that the correct 
woids would have been highly piobable 
guesses 

Sensitivity to grammatical context in oral 
leading was demonstiated m very young chil- 
dien by Weber (1967) She had fiist-giade 
childien lead aloud and she noted the enors 
they made When an erroi was not compati- 
ble giammatically with the text, the children 
usually coirected it On the other hand, if an 
enoi was not collected, it usually proved to 
be giammatically compatible with the con- 
text The bettei leadeis demonstiated these 
effects even more stiongly than below-aver- 
age leaders 

The units of perceptual piocessmg of writ- 
ten material again aie obviously not single 
letters Spelling shucture (whether because 
of its relationship to speech patterns or in- 
dependently of this relationship) and even 
moie complex grammatical stiuctuie seem to 
opeiate m the fonnation of perceptual units 
m reading Presumably, the skilled readei 
comes to be able to utilize more and more of 
these legulanties of structure m the written 
language 

Just exactly how a reader progiesses to- 
ward processing higher order and more com- 
plex units of material is not clear Hochberg 
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(1966) has suggested that this peiceptual 
learning involves changes m the way in which 
the material is coded and stored rather than 
changes m what is peiceived He had Ss make 
same-different judgments between pans of 
written woids presented either simultaneously 
or successively In simultaneously presented 
words, if the shapes of the membeis of a pair 
differed (eg, one m upper case, the other in 
lower case), response latency increased 
When the words were presented successively, 
however shape variables were irrelevant, but 
response latency increased if the woids were 
unpionounceable or if they were piesented in 
a geometnc transformation Piesumably, 
shape differences affected the judgments in 
simultaneous presentation conditions by re- 
quiring S to read the words befoie making 
his judgment Under successive piesentations, 
when memory became involved and S had to 
read the woids anyway it was not foim vari- 
ables but the variables affecting codability 
or readability which affected response times 
Hochberg, in effect, suggests that changes m 
selection and attention and in coding aie in- 
volved m the progression toward perceptual 
processing of increasingly complex structural 
regularities Posner (1967) has utilized this 
type of technique m investigating the type of 
processing involved in perceptual matching, 
identification, and classification tasks m 
adults This would also be a technique useful 
for such work with children 

Some studies have investigated the rela- 
tionship between leading performance and 
other perceptual tasks Birch and Belmont 
(1965) presented a task of auditoiy- visual 
matching of dot patterns to children from 5 
to 12 years. Performance improved with age 
and most of the improvement occuned dur- 
ing the first couple of years At these early 
age levels, but not later, task performance 
was also related to reading achievement This 
result probably reflects the fact that the tasks 
required m reading change as the reader be- 
comes more skilled In a similar study, Muehl 
and Kremenak (1966) also found a high le- 
lationship between first graders' reading 
achievement and auditory-visual matching of 
dot patterns To the extent that reading in- 
volves two modalities, it seems reasonable 
that other tasks involving the same two mo- 
dalities show some relationship with reading 
However, it might be observed that the pro- 


cesses involved m lecognition of dot patterns 
may not be similar enough to leading to eluci- 
date the specific tasks involved m learning to 
read 

One final problem of perception and lead- 
ing deserves some consideration This is the 
relationship between tachistoscopic tiainmg 
and speed of reading Most of the mechanical 
devices used in the "speed-reading” training 
progiams — pacers, tachistoscopes, etc — are 
assumed to be tiainmg eye movements and 
theieby increasing the speed of leading Tin- 
ker (1958), m reviewing studies attempting 
to evaluate the effectiveness of these methods, 
concludes that systematic piactice in reading 
results in as much improvement in reading 
speed as any programs involving mechanical 
devices He also points out that changes in 
eye movements reflect but do not cause im- 
provement m reading skill Most of the lele- 
vant studies (eg, Glock, 1949, Manolakes, 
1952) used adult Ss and found no difference 
between the effect of specific tiainmg pro- 
giams usmg tachistoscopic devices and sys- 
tematic piactice One study (Manolakes, 
1952) found a greater mciease m words read 
per minute for Ss who piacticed than for Ss 
who undeiwent the training program! It is 
doubtful whether the results of such studies 
would be diffeient if children weie used as Ss 
since Tmkei’s analysis of the eye movements 
as symptoms seems quite reasonable 

C Eidetic Imagery 

An eidetic image has traditionally been de- 
fined as “ a visual image of a figure, usu- 
ally long m duiation, localized in space in 
front of the S’s eyes, “positive m color, and 
usually m the plane where the original figure 
was shown” (Leask, Haber, and Habei, 1968, 
p 1) The study of this phenomenon was 
once an extremely popular topic, but it re- 
ceived very little attention after 1932 (Klue- 
ver, 1932) until recently when Haber and 
Haber (1964) made the initial report of an 
extensive lesearch piogram 

The Habers and their colleagues, in con- 
trast to many of the eaily investigators, have 
done a very careful job of opeiationalizmg 
cntena for the definition and identification 
of eidetic imagery In the initial study (Haber 
and Haber, 1964) 12 of 155 school children 
reported a degree of imagery which was far 
superior on a number of measures than 72 
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others who had reported some imagery For 
example, on these 12 children all images of 
the pictures displayed lasted longer than 40 
seconds, their accuracy scores were higher, a 
much greater percentage of the images were 
positively colored, and all of them could be 
scanned with their eyes (as opposed to the 
image moving with the eyes) These results 
proved reliable on retesting after 8 months A 
subsequent screening of 380 school children 
yielded 23 who seemed to have a reliable, 
qualitatively different kind of imagery (Leask, 
Haber, and Haber, 1968) 

On the basis of subsequent work and over- 
all examination of the data these investigators 
have suggested even more stringent criteria 
for identification of eidetic imagery One pos- 
sibility they have developed is to show an S 
a sequence of two meaningful pictures which 
can be superimposed to make a qmte different 
picture If an S has an eidetic image of the 
first picture and superimposes it on the sec- 
ond, he should be able to report the com- 
posite picture When the 23 Ss who were 
thought to be eidetic were shown the se- 
quence of two pictures, only 4 responded ap- 
propriately In addition, 2 Ss with high eidetic 
imagery were matched with two control Ss 
m school grade and academic ability and 
were tested on their ability to report from the 
image or recall details of pictures that they 
were shown The accuracy of all 4 Ss was 
approximately the same, suggesting that a 
criterion of exceptional memory may not turn 
out to be as important a distinguishing char- 
acteristic as was once thought The investi- 
gators feel overall that there is a reliable 
phenomenon of eidetic imagery that occurs 
with a lower frequency than was thought on 
the basis of the early literature This phenom- 
enon deserves to be studied, especially in 
light of the current interest m various types 
of memory processes 

On the basis of the Habers* work there 
seems to be little evidence for a decrease in 
eidetic imagery with age, although this was a 
very common report m the early literature. 
It should be pomted out that the Habers have 
both cross-sectional and longitudinal data 
relevant to this question Relevant to individ- 
ual differences is a report by Sipola and Hay- 
den (1965) of a very high incidence of 
eidetic imagery in a bram-damaged retarded 
sample of Ss Doob (1966) has reviewed a 


number of studies of eidetic imagery in dif- 
ferent cultures The incidence varied from 0 
to 20% in the various cultures 

The study of imagery, eidetic or other, is 
complex To conduct such research with re- 
tardates or cross-culturally must multiply the 
difficulties Nevertheless, the careful method- 
ology of the Haber group provides a model 
for how to proceed 

VI DEVELOPMENT OF ATTENTION 4 

Attention concerns the motivation of per- 
ception, its selectivity and maintenance The 
study of attention has had an erratic history 
in general psychology, assuming central im- 
portance in the days of the structuralists (see 
Boring, 1950) and being virtually ignored 
from the 1930s to the 1950s The study of 
attention revived from the impetus given dur- 
ing the war to studies of vigilance of watch 
standers The study of the development of 
attention must be marked as part of the gen- 
eral interest in perceptual development 

A. Stimulus Determiners of Attention 

Fantz (1958), m one of his early studies, 
observed infants* fixation preferences when 
they were shown a pair of figures, he noted 
that infants tended to show a preference for 
a more "complex’* figure over a "simpler” 
figure However, he also noted that the pref- 
erence shown for a horizontally striped figure 
compared with a checkerboard figure showed 
a reversal at about 2 months of age Fantz* 
definition of complexity was an intuitive one 
and a great deal of research with infants has 
been conducted using variations of his tech- 
nique to ascertain the precise stimulus vari- 
ables that are implied by this term Complex- 
ity as measured by information content, 
novelty, amount of contour, and brightness 
has been investigated as a possible determiner 
of attention m infants The reader is referred 
to Chapter 10 for details of many of these 
studies One carefully controlled study (Bren- 

4 A promising and exciting approach based on 
concepts of information processing related to 
this section and Section IVA on perception and 
intelligence is exemplified by Neisser’s (1968) 
book, Cognitive Psychology Unfortunately, to 
date little developmental work has been done 
relevant to Neisser s ideas, 
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nen, Ames, and Moore, 1966) indicated a 
curvilinear relationship between fixation pref- 
erence and complexity The maximum dura- 
tion of fixation occurred foi stimuli of medium 
complexity Stimuli of greater and lesser com- 
plexity elicited fixations of shorter duration 
The point of maximum duration moves to- 
ward more complexity as a function of age 
between birth and 6 months In this case 
complexity was defined as number of squares 
m a checkerboard pattern A similar shifting 
curvilinear relationship was found by Sackett 
(1966) with infant monkeys In his case com- 
plexity was defined as amount of contoui 
change per unit area This definition of com- 
plexity is congruent with that Brennen et al 
(1966) applied to their stimuli 
There have been a number of develop- 
mental studies of older, childi en which have 
varied such dimensions as stimulus complexity 
and have measured reported stimulus prefer- 
ence rather than fixation preference (Cantor, 
Cantor, and Ditrichs, 1963, Clapp and Eic- 
hom, 1965) In one study (Munsmger, Kes- 
sen, and Kessen, 1964) a paired comparison 
design was used to evaluate the preference 
for pairs of random forms which vaned m 
number of comers The pairs of stimuli were 
presented to children in the first to eighth 
grades In each case they were asked to indi- 
cate which of the two forms they piefeired 
The older children showed maximum prefer- 
ence for 10-comered stimuli and decreasing 
preference for stimuli with more or fewer 
comers This replicated a previous lesult with 
adults (Munsmger and Kessen, 1964), On 
the other hand, the younger children showed 
increasing pieference with increasing number 
of comers However, they did show a secon- 
dary preference peak for 10-cornered stimuli 
These investigators hypothesized that stimu- 
lus preference is determined by an optimal 
complexity level which matches an informa- 
tion processing level of the organism Since 
this would be expected to increase with age, 
the results of the younger childien do not 
support the hypothesis. However, in the sec- 
ond part of the study the same procedure was 
used with letter sequences which vaned from 
complete redundancy (repetition of the same 
letters) to maximally informative (random 
letters) Here maximum preference was 
shown by all ages for intermediate levels of 
redundancy with older Ss showing somewhat 


higher preference for the less redundant ma- 
terial These results support the initial hypo- 
thesis 

Thomas (1966) reported a similar study 
including two experiments that cover an age 
range from 6 to 19 His stimuli weie gen- 
erated by the same method used by Mun- 
smger, Kessen, and Kessen He measured 
piefeience for a stimulus initially by notmg 
whether S fixated it longer than the stimulus 
with which it was paired, and 2 weeks later 
by a direct judgment of pieference These 
two measures were m very close agreement 
The lesults indicated that, foi younger chil- 
dren up to about 12, prefeience was an in- 
creasing function of complexity, defined as 
number of turns of the stimulus Above this 
age the relationship between prefeience and 
complexity was curvilinear, with the maxi- 
mum prefeience occuinng at decreasing com- 
plexity values as age increased Thus Thomas’ 
results agree with those of Munsmger, Kessen, 
and Kessen with similar shapes, except for 
the particular age at which complexity values 
for maximum preference start to decrease A 
completely satisfying explanation for these 
results is yet to be found Thomas does make 
an interesting observation that older Ss show 
more inconsistency in their judgment, as indi- 
cated by lack of preference transitivity ( Stim- 
ulus A being preferred to stimulus B, and B to 
C, does not necessarily imply that A is pre- 
ferred to C ) He suggests that different as- 
pects of the stimuli may determine the pref- 
erences at different times The results for 
complexity may not be generahzable to othei 
kinds of stimuli Clapp and Eichorn (1965) 
found no lelationship between looking time 
of nursery school children and complexity 
(stimulus redundancy) when the stimuli were 
geometnc forms varying in regulanty How- 
ever, their study also differed from the ones 
just discussed m that stimuli were presented 
successively rather than m pairs They did 
find that colored stimuli elicited longer view- 
ing than black and white and that incongru- 
ous stimuli (e g , a picture of a bird with two 
bodies and two heads but one pair of legs) 
elicited longer viewing time than normal 
stimuli 

Selectivity of perception can also be de- 
termined by other aspects of the situation 
than the stimulus itself Reese, for example, 
presented a series of human or of animal pic- 
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tures prior to exposure of an ambiguous figure 
(which could be seen either as a man or a 
rat) He found a preponderance of responses 
consistent with the forms previously shown 
(Reese, 1963a, 1963b, Reese and Ford, 
1962) The Ss ranged m age from preschool 
to second grade and the result was stronger 
in the older children Reese attributed the re- 
sults to a mediation process by which an ex- 
pectancy for the class of stimuli previously 
exposed causes a bias m coding the incoming 
stimulus However, the mediation process 
may be simpler than the one implied Expo- 
sure to a class of stimuli may cause S to at- 
tend to different parts of the stimulus than he 
would with another class of stimuli This 
would put the selectivity m the perceptual 
rather than the response aspect of the identi- 
fication 

Reese’s suggestion of a mediating process 
for perceptual responses is related to the ac- 
quired distinctiveness hypothesis formulated 
succinctly by Miller (1948) This hypothesis 
suggests that if different responses are asso- 
ciated with two stimuli, the stimuli will be- 
come perceptually more different This occurs 
because there are different response produced 
stimuli accruing to the initial stimuli Con- 
versely, stimuli which have similar responses 
associated with them become perceptually 
more similar This phenomenon is called ac- 
quired equivalence One way of studying this 
hypothesis has been to have Ss learn distinc- 
tive or common verbal labels for two or more 
stimuli and to observe whether this affects 
their discrimmability, There have been nu- 
merous studies with this general paradigm, 
but they have failed to be crucial for the 
hypothesis since they have (1) used as a 
measure of disci immability a learning task 
that involved association as well as discrimi- 
nation, or (2) used stimuli that were initially 
very discrimmable, or (3) not determined the 
discrimmability of the initial stimuli Re- 
cently, Katz (1963) reported a study not 
subject to these deficiencies, which piovides 
positive evidence for the hypothesis She 
taught 7- and 9-year-old Ss verbal labels for 
a set of four nonsense forms and then tested 
their discrmunabihty using same-different 
judgments One group of Ss learned a com- 
mon label for each pair of forms One group 
learned different labels for all four forms A 
third group simply observed the forms and 


did not learn labels The discrimmability of 
the forms was then tested by showing Ss 
pairs of forms tachistoscopically and asking 
them to make same-different judgments The 
common label group made more errors m 
identifying two shapes as the same when they 
were really different, the different label group 
made fewer such errors, and the nonlabel 
group gave intermediate results These re- 
sults are the best evidence obtained to date 
for a change in perception as a function of 
such association As Katz points out, the re- 
sults 'do not agree with other studies which 
have properly measured changes m percep- 
tion, but these were done with adults Per- 
haps the design with children is a more sensi- 
tive test of the hypothesis 

B Maintenance of Perception 

One of the traditional questions of atten- 
tion is the extent to which a peison is able 
to perform one task m the face of n relevant 
stimulation, that is, distraction The study of 
vigilance represents one extreme of this ques- 
tion How well is a person able to perform 
one task over a long penod of time m the 
absence of any extraneous stimulation? 

There is a common hypothesis that mental 
retardates are more distractable than normal 
childien In this context Ellis, Hawkins, 
Preyer, and Jones (1963) investigated the 
effect of distraction on oddity pioblem learn- 
ing (learning to pick the one of three objects 
which is different from the other two) m nor- 
mal and retarded children between 6 and 8 
years The distracting condition was a minor 
mounted on the apparatus and facing S This 
distraction facilitated performance for the 
normals and had no effect for the retardates 
On the other hand, Turnure and Zigler 
(1964) found that undei certain conditions 
performance of retai dates is facilitated by 
distraction They used an object assembly task 
with 6-year-old retardates and found that a 
distraction was beneficial if it provided infor- 
mation which was subsequently useful, for 
example, when the distraction consisted of 
E working on a problem that was subse- 
quently given to the child, Turnure (1966) 
used an oddity problem task and found that 
normal children 5 T /i years old weie adversely 
affected by a mirror distraction, whereas the 
performance of older children was facilitated 
He suggested that the distraction serves to 
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mobilize the enei gy of the older children to- 
ward the task The mirror mounted on the 
apparatus would also serve to keep the child 
onented to the task, but this should be true 
for younger children as well as older children 
In the same study a distracting noise was also 
introduced for some Ss, but this had no effect 
on the performance 

The second type of distraction problem of 
current interest m general perception is the 
study of perception under simultaneous in- 
put of information from two sources Such 
experiments most often have taken the form 
of simultaneous input of two auditory mes- 
sages and are referred to as selective listening 
experiments They derive most dnectly from 
Broadbent (1958), who suggests that when 
the information load becomes too great for 
immediate transmission through man’s per- 
ceptual channels he has a short-term storage 
available to hold the excess momentarily If 
the delay m transmission exceeds a rather 
short time, the information m this short-term 
storage is lost He conceives of a filterlike 
model which permits a person to transmit 
some of the information directly through the 
perceptual channels and to shunt some of it 
into storage One implication of this is that 
if two messages are given to a person at the 
same time, he could choose to listen to one 
and ignore the other Many interesting experi- 
ments have been done to try to ascertain on 
what stimulus characteristics the filter would 
work It has been found that adults can 
selectively listen with ease to one of two mes- 
sages which differ in spatial location or m 
voice quality but not when they differ m 
semantic content (Triesman, 1964a, 1964b) 

Maccoby and Konrad (1966, 1967) have 
conducted a series of selective listening ex- 
periments with children In these studies chil- 
dren, ranging in age from kindergarten 
through sixth grade, were asked to repeat one 
of two simultaneously presented messages 
The messages, one m a man’s voice, the other 
m a woman’s voice, consisted of one or two 
woids In the fiist study (Maccoby and Kon- 
rad, 1966) the messages were presented 
thiough earphones, and the effects of age, 
practice, type of presentation, and number of 
syllables m the stimuli weie investigated The 
children were told before each pair of mes- 
sages to, report either the man or the woman’s 
voice The results showed significant improve- 


ment with age and significant practice effects 
through two series of trials The type of pres- 
entation was vaned by presenting the mes- 
sages both through the two earphones and 
one through each earphone In the second 
procedure, the messages differed in spatial 
location as well as voice quality, and it is this 
condition that produces better selectivity The 
performance with messages differing m spa- 
tial location alone was not determined Multi- 
syllable words were recognized better at all 
ages, but had relatively more advantage for 
the older children The authors suggest older 
children may be better able to use the re- 
dundancy m language 

In a second study (Maccoby and Konrad, 
1967) a condition of preknowledge about the 
voice to be selected was compaied with a 
condition m which the voice to be reported 
was mdicated after the messages were trans- 
mitted It was hoped that this comparison 
would reveal whether the selectivity mechan- 
ism functioned before or after the stimulus 
In this study, the messages were presented 
over two loud speakers rather than through 
earphones Again performance improved with 
age Preknowledge appeared to aid perform- 
ance for the younger children and not for the 
older However, only a mam effect of pre- 
knowledge was statistically significant In 
various conditions the effect of the familiar- 
ity of target words and sequential probabili- 
ties of pairs of words m the target messages 
were also studied Both of these factors in- 
fluenced the accuracy of performance, and 
sequential probability interacted with age 
The high sequential probability phrases were 
more effective for the older Ss than the 
younger Ss The authors interpret this result 
to mean that the older Ss are better able to 
fill m poorly heard phrases The two studies 
together yielded overall age differences m 
performance but, for the most part, not the 
interaction that would have indicated qualita- 
tive developmental changes in the selective 
piocess itself 

In another study using the selective listen- 
ing technique Neufeldt (1966) presented two 
digits simultaneously, one to each ear The 
S’s task was to report all he heard on each 
piesentation A group of 13-yeai-olds re- 
ported significantly more digits correctly than 
a group of 9-yeai-olds This was true for 
both the first half of their report and the sec- 
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ond, thus suggesting better perception and 
short-term memory for the older children 
This interpretation is based on an assumption 
that if S is required to repoit all he has heard, 
performance on the initial half of the report 
(the first digit leported) reflects perception, 
whereas that on the last half (the second digit 
reported) reflects short-term memory A 
group of oigamcally bram damaged and a 
group of cultural-familial xetardates, matched 
m MA to the 9-yeai-olds and m CA to the 
13-year-olds, perfoimed at approximately the 
same^ level as the 9-year-olds, suggesting that 
the differences found between the 9- and 13- 
year-olds is an MA difference rather than a 
CA diffeience The 9-year-olds did signifi- 
cantly better than the organic retardates m 
the second half of then leport, but not as 
well as the 13-yeai-olds To the extent that 
the second half of the report does represent 
short-term memory, it suggests an IQ 01 de- 
velopmental rate deficit 

In another experiment m this study, four 
stimuli were piesented, one to each ear simul- 
taneously, followed by a second to each eai 
The Ss were directed to report the message 
eithei eai by ear, pair by pair (i e , in tem- 
poral order), or by type (eg, digit or letter, 
since m this case the messages were mixed 
digits and letters) In general, the 13-year- 
olds did better than the 9-yeai-olds All Ss 
did relatively poorly reporting by pan The 
normal 9- and 13-year-olds did equally well 
reporting by type or by eai, but both groups 
of retardates did better reporting by type 
than by ear The author mterpiets this differ- 
ence m peiformance as reflecting recall strate- 
gies The normal Ss are relatively better able 
to shift lecall strategies than the retarded Ss 
The possibilities of using the selective 
listening technique to exploie developmental 
changes m perception and short-term memory 
have just begun to be exploited (see also 
Inglis and Caird, 1963, Broadbent and 
Gregory, 1965) However, developmental dif- 
ferences m selective listening may not be un- 
equivocally mterpretable since the process of 
selective listening is not completely under- 
stood for adults Developmental studies will 
contribute to an understanding of the general 
process and vice versa 
The phenomenon of retinal rivalry has been 
thought to be a useful measure of attention 
m the sense of maintenance of perception. 


This is the alternation between seemg one 
and another of two stimuli, presented simul- 
taneously one to each eye (see Woodworth 
and Schlosbeig, 1954) One developmental 
study of this phenomenon with Ss from kin- 
dergarten to college age has been reported 
Goldstein and Cofoid (1965) piesented a ver- 
tical line to one eye and a honzontal line to 
the other eye, and Ss were asked to report 
what they saw They noted how many times 
during a 3-minute observation period the S f s 
report changed There was a significant in- 
crease in alternation or change as a function 
of age and a somewhat greater frequency of 
alternation foi gills than for boys Control 
experiments and careful instruction of the 
younger Ss ruled out the possibility that the 
differences were due to expenmental artifacts 
It seems surprising that a measure of atten- 
tion would show a decrement with age How- 
ever, the task m this experiment did not ask 
Ss to maintain attention Thus results ob- 
tained with this method, m fact, may not be 
lelevant to that aspect of attention 

C. Visual Search in Children 

Woodworth and Schlosberg (1954) have 
le vie wed the eaily literature on attention as 
measured by the number of objects that could 
be apprehended at a single glance (span of 
attention) and on changes of attention as in- 
dicated by numbei and loci of eye fixation 
The final aspect of attention which will be 
considered here is visual seaich There has 
been lelatively little work investigating how 
children approach a peiceptual search task 
As in the case of investigation of shape per- 
ception (see Section IB), theie aie at least 
two possible strategies for studying search be- 
havioi in children The exploratory behavior 
itself can be obseived, for example, by record- 
ing and analysis of eye movements, or fea- 
tuies of the search piocess can be infen ed 
from measuies of the results of search Both 
methods have been used with children 

White and Plum (1964) photographed 
preschool childrens eye movements while 
they performed a series of discrimination 
learning problems m a learning set design 
The photogiaphic records only permitted re- 
liable judgments as to whether an S was look- 
ing light or left Frequency of movements, 
defined as a change from looking nght to 
looking left, was correlated with performance 
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in the learning task The total number of eye 
movements in a relatively easy, interesting 
problem series was greater than in more diffi- 
cult senes Theie was some suggestion of an 
increase m number of eye movements until S 
reached a successful solution and a decrease 
thereafter This seemed to be true for both 
mtraproblem and interproblem perfoimajice 

Mackworth and Thomas (1962) devised 
an apparatus to photograph and measure eye 
fixation position to within 1° of visual angle 
( ± y 2 m ch at a distance of 28 inches) Such 
precision permits detailed analysis of where 
Ss look m a visual display Mackworth and 
Bruner (1966) used this device for an inten- 
sive study of the eye movements of 6-yeai-old 
children and adults The Ss viewed a series 
of photographs of a picture which was either 
progressively blurred or was initially blurred 
and progressively brought into focus Each 
successive exposuie of a picture m the pro- 
gression lasted 10 seconds, during which time 
eye position was recorded The Ss commented 
on tiie picture after each exposure Overall 
results showed that average fixation duration 
is slightly longer for childien than foi adults 
(373 versus 360 ms) 

The authors point out that these durations 
are longer than those typically found foi read- 
ing and they do not decrease so markedly 
with age They suggest that pictorial viewing 
is not so developed a skill as reading All the 
Ss tended to focus their fixations on fewei 
points as the stimulus became more blurred 
Intersubject variability was extremely high 
so that there was no group trend toward con- 
centration on particular points of the target 
Children also scanned less effectively by fail- 
ing to attend to the most informative aspects 
of the picture Furthermoie, they were moie 
variable m exploration of repeated presenta- 
tions of the same picture Finally, children 
made many more very short eye movements, 
relative to the number of larger saccades 
This last fact is interpreted to mean that they 
restrict their intake of information when faced 
with tasks that put a burden on their capacity 
for information processing — in other words, 
children develop a kind of tunnel vision 
These results are admittedly preliminary since 
they are based on a restricted collection of 
stimulus materials and a narrowly prescribed 
task However, the feasibility of the tech- 


nique has been demonstrated and the type of 
analysis is both precise and imaginative 

Vurpillot (1966) used Mackworth’s record- 
ing technique to observe the eye movements 
of childien from 5 to 9 years old as they made 
same-diffeient judgments about pairs of stim- 
uli The stimuli were outline drawings of 
houses, each with six windows Correspond- 
ing windows in the pair of stimuli could con- 
tain the same or different designs and the 
children's task was to decide whether the 
two houses were exactly the same The eye 
movement recoidmg was precise enough to 
be able to follow Ss* scanning as they looked 
from window to window Vurpillot was able 
to infer the strategies that the children of dif- 
ferent ages were using She found that the 
younger children spend less time scanning 
than the older childien befoie making their 
judgment This is apparently due to reaching 
a decision upon incomplete sampling of the 
stimulus The children of intermediate age 
scan for as long or longer than the older chil- 
dien They are not as sensitive to the de- 
mands of the task, and even after they find 
a difference they will go on to scan the whole 
array before making a judgment Some of the 
different behaviors of children apparently re- 
flect diffeiences in short-term memory capac- 
ity For example, moie older children will 
scan several windows m one house before 
scanning the corresponding windows m an- 
other house 

Theie has been some woik on search pat- 
terns in tactual exploratory behavior and this 
has been described pi eviously (Section IB) in 
connection with shape discrimination In ad- 
dition, Glmei (1965) has shown that it is 
possible to leinforce the exploratory move- 
ment of the hands in tactual exploration so 
that childien will explore texture cues or 
shape cues As might be expected, such train- 
ing can have a facilitating or inhibitory effect 
on discrimination learning, depending on rele- 
vance of the trained cues for the learning 
task 

Gibson and Yonas (1966a, 1966b) have 
conducted studies which are good examples 
of the way m which aspects of the search 
process can be mfened from the results 
These investigators used a task originally de- 
vised by Neisser (1964) to study differences 
in search between children and adults The 
task is to search through a list of rows of 
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letters for a target letter The farther through 
the list an S has to search, the longer is his 
search time It is possible to calculate the 
average time for processing each letter and to 
study the effect on this time of such para- 
meters as age, number of targets, confusabil- 
lty of the contextual letters 
In the first study (Gibson and Yonas, 
1966a) Ss searched for one or two targets 
against a low confusion background, that is, 
a background of letters that are rarely con- 
fused with the target letter In another con- 
dition the Ss searched for one target, which 
was embedded in a highly confusable back- 
ground Children from the second, fourth, 
and sixth grades and college sophomores 
served as Ss Response time decreased signifi- 
cantly with age, and the low-confusion back- 
ground produced shorter response times than 
the high-confusion background However, 
there was no effect of number of targets nor 
was there an interaction of age with confusa- 
bility or number of targets 
In a second study (Gibson and Yonas, 
1966b) thud-grade and college students 
searched for targets, again m the context of 
high- and low-confusion visual backgrounds 
In addition, however, high- and low-confusion 
auditory backgrounds were introduced by 
presentation of spoken letters through ear- 
phones In this experiment only the visual 
backgrounds affected search time, as m the 
first study, the high-confusion background 
resulted m longer response times Interest- 
ingly, m the second study there was an in- 
teraction between the age and confusability 
of visual background The children’s lesponse 
time was more severely affected by the high- 
confusion background than was the adults’ 
As the authors point out, this result may not 
have been found m the first study because of 
unconti oiled order effects The investigators 
suggest application of this technique to a mi- 
croanalysis of the strategies involved m the 
search process By varying the number of dis- 
tinctive features shared by the taiget and 
background letters, they hope to be able to 
infer the strategies utilized by children and 
adults in such tasks Preliminary results by 
the same authors (Yonas and Gibson, 1967) 
from disjunctive reaction time procedures 
support the hypothesis that number of shared 
features between target and nontarget stimuli 


is an important determiner of information 
processing time 

D. Perceptual Learning and Attention 

Many different problems have been dis- 
cussed m this section on attention There is 
no general theory that attempts to encompass 
all of them Indeed it is quite likely that at 
least the maintenance aspects of perception 
involve quite different processes than the 
selective aspects The theoretical position of 
Eleanor Gibson, however, is one that focuses 
on the selective aspects of perceptual learning 
and development One basic tenet of this 
position is that peiceptual development con- 
sists of a progressive increase in sensitivity 
This increase in sensitivity refers to both an 
increase of resolving power with respect to 
single stimulus dimensions and an increase 
m the number of stimulus dimension to which 
a person is sensitive An example of the type 
of improvement predicted from this point of 
view is the lesults of the normative stucjy by 
Gibson et al (1962) of shape perception 
previously described (see Section IB) In 
that study, it will be recalled, children were 
asked to discriminate between standard forms 
and various transformations of them Im- 
provement with age occurred for discrimina- 
tion of all the transformations reflecting an 
increasing sensitivity within specific stimulus 
dimensions The different levels and rates of 
improvement for the different types of trans- 
formation were attributed to differential sen- 
sitivity to the vanous stimulus dimensions 
For example, topological diffeiences between 
stimuli ordinarily specify different objects in 
the world, and children early exhibit sensi- 
tivity to this type of difference since it is 
necessary for their real-life perception On the 
other hand, perspective differences are typi- 
cally found m the real world when the same 
object is seen from diffeient viewpoints Thus 
there is little reason for children to have an 
early sensitivity to this type of difference 
The crux of this intei pretation is that children 
are and become sensitive to specific stimulus 
dimensions and this sensitivity generalizes un- 
der appropriate conditions 
This interpretation was investigated in the 
previously cited study (see Section VB) by 
Pick (1965) It will be recalled that when 
kmdergartners were trained to discriminate 
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visually between standard forms and trans- 
formations of them, their learning appeared 
to be based on detection of distinctive fea- 
tures to a greater degree than on construction 
of prototypes or templates The geneiahty of 
these results to tactual perception was ex- 
plored m the same study Pick used essentially 
the same design m replicating the experiment 
under conditions of simultaneous as well as 
successive tactual comparison of the forms 
When the companson was simultaneous only 
distinctive feature learning occurred, when 
the companson was successive both distinc- 
tive feature and prototype learning occurred 
The author suggested that distinctive feature 
learning, which always occurred, was basic 
to such improvement m sensitivity Prototype 
learning occuned only to the extent that 
memory was involved m order to compare 
one form with another The importance of 
distinctive feature learning was also demon- 
strated m cross-modal replications of these 
expenments (Pick, Pick, and Thomas, 1966) 
The learning and generalization of distinctive 
features may be a very important way m 
which impiovement m sensitivity occurs 
From Gibsons point of view sensitivity 01 
changes of sensitivity could be built into the 
organism or could develop as a function of 
experience It is essentially neutral with re- 
spect to the nativism-empincism controveisy 
However, to the degiee that experience is 
necessary for impiovement in sensitivity, it 
does not function by association That is, we 
do not perceive better or differently because 
we add meaning or implicit responses to the 
stimulus input We perceive better because 
we have become sensitive to more or different 
properties of the stimulus The kind of ex- 
perience that will lead to improvement m 
perception is any experience that provides the 
opportunity for detection of more of the stim- 
ulus properties This may, but does not have 
to be an identification learning task such as is 
used m traditional disci lmination learning 
studies Scanning the stimulus, for example, is 
at least as conducive to an impiovement m per- 
ception An experiment illustrating the expec- 
ted lesults is one reported by Robinson (1955) 
He presented adult Ss with 10 fingerprints as 
stimuli in a study of the transfer of different 
kinds of training to a subsequent discrimina- 
tion task One group learned a different gang- 


ster name for each print, another group learned 
to respond with “cops” to five of the prints 
and with “robbers” to the other five A third 
group made same-different judgments among 
the fingerprints In a transfer task requiring 
same-different judgments between finger- 
prints, all three of these groups made signif- 
icantly fewer errors in a transfer task than a 
control group, which had received no tiaming 
The diffeiences between the training groups 
were not significant These results suggest 
that same-different training is as effective for 
improvement in discrimination as is training 
to associate distinctive labels They are not 
congruent with the previously described re- 
sults of Katz (1963), who, it will be recalled 
(see Section VIA), found that association 
training resulted m diffeiential effects as com- 
pared with nonassociation training The rea- 
sons for this incongruity are not known 
Gibson would intei pi et the improvement m 
discrimination such as found by Katz also to 
be a function of learning to attend to the rele- 
vant properties of the stimuli rather than a 
dnect function of association traipmg 
Descnption of the mechanism for the de- 
tection of stimulus propei ties has been a prob- 
lem in the theoietical position proposed by 
Gibson Howevei, recently (Gibson, 1969) 
she has attempted to specify the form of such 
a mechamsm in more detail She suggests that, 
peripherally, oveit orienting or exploratory 
movements may mediate attention to the vari- 
ous featuies of the stimulus (It cannot be 
emphasized too stiongly that m Gibson's point 
of view these oveit responses do not operate 
by changing the stimulus input after it comes 
m, but by causing a different stimulus to come 
m ) At the level of the cential nervous system, 
Gibson suggests the existence of an abstract- 
ing process and of a filtering process similar 
to that suggested by Bioadbent (1958) The 
nature of the absti acting process still lacks 
satisfying specificity However, the filtei mod- 
el, by virtue of the woik of such investigators 
as Broadbent (1958) and Tnesman (1964a, 
1964b), is quite meaningful That is, the pro- 
pei ties of one kind of filter model have been 
well investigated, but there is no equally well 
formulated model foi the abstraction process 
In ref ei ring to such processes Gibson points 
out that although the direct evidence foi them 
is scant, there are many converging lines of 
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evidence, which make their existence ex- 
tremely likely The reader is referred to Gib- 
son s (1969) book for a development of this 
theoretical orientation including a careful re- 
view of the evidence and a consideration of 
the implications for a variety of interesting 
problems 

VH, THEORIES OF PERCEPTUAL 
DEVELOPMENT 

Several theoretical points of view have been 
described in discussing specific topics m per- 
ceptual development those of Brunswick, Gib- 
son, and Pollack, the sensory tome concepts 
of Werner and Wapnei, Gestalt theory, the 
Soviet motor-copy view, and the individual 
difference approaches of Gardner, Kagan, and 
Witkin It was thought that the research 
problems might be better mtegrated m the 
context of a theoretical perspective However, 
it is apparent that the theories are not formal 
hypothetic-deductive systems but are more or 
less specific frames of reference for examining 
problems of perceptual development This 
generalization is also true of a few additional 
points of view to be described 

All these theories may be compared on a 
number of dimensions Several positions have 
aheady been characterized as being nativist 
or empiricist, or as involving mechanisms of 
enrichment or differentiation They may also 
be chaiactenzed along an active-passive di- 
mension That is, many theones considei S’s 
gross activity to be involved an perception, 
whereas others would consider S’s to be rela- 
tively passive receivers of sensory information 
Finally, and m many ways most importantly, 
the various theories differ gieatly in the prob- 
lems toward which they have been directed 
and the research which they have stimulated 
The ideas of Piaget, Hebb, and a neurophys- 
iological approach to perceptual development 
will be examined with these distinctions in 
mmd 

A Piaget 

Flavell (1963) quotes the following defini- 
tion of perception by Piaget, “We will call 
perception the most direct or immediate pos- 
sible knowledge of a present object m the 
sensonal field (without affirming, however, 
that there exists a knowledge which is com- 
pletely direct or immediate)” (p 232). This 


definition has two important implications for 
the present purpose First, it focuses attention 
on knowledge by perception and on knowledge 
by means other than perception Illusions lend 
themselves very nicely to such a distmebon 
Illusory perception can be corrected by cog- 
nitive operations. Second, the implication in 
the definition that perception is not an im- 
mediate process raises the question of the 
perceptual process as it develops over time 
It is with respect to this question that Piaget’s 
mechanism of perception becomes apparent 
The longer the duration of fixation of a stim- 
ulus, the larger it will appeal Such a rela- 
tionship obtains because subjective size is 
conceived to depend on the number of mter- 
actions oi encounters between elements of the 
stimulus and Ss * receptois, and the number 
of such encounters presumably increases with 
fixation time When two stimuli are presented, 
the degree to which one is overestimated rela- 
tive to the other depends on how the en- 
counters of each stimulus are combined or 
coupled The more such coupling is complete 
and balanced, the more veridical will be per- 
ception of relative size Thus the effect of 
coupling is opposite to that of fixation Errors 
involving the original encountering due to 
fixation aie called Type I and, as indicated, 
often are m the direction of overestimation 
These errors decrease with age However, Ss’ 
perceptual activity such as eye movements 
and scanning strategies control the complete- 
ness and balance of coupling 

The perceptual activity can also lead in 
some cases to nonvendical perception Piaget 
speaks of such cases as Type II errors These 
often increase as a function of age with an 
increase m Ss ’ perceptual activity Examples 
of such errors include size constancy studies, 
which often produce results m the direction 
of overconstancy with increasing age, and fig- 
ural aftereffects, the magnitude of which also 
appears to increase with age Piaget’s model, 
which he has developed in mathematical form 
(described in detail by Vurpillot, 1959), has 
been mostly applied to illusions However, he 
has also applied it to psychophysical thresh- 
olds and it is possible to derive the Weber- 
Fechner law from it 

A study of an illusion which illustrates Pia- 
get’s interest m comparing perceptual and 
cognitive modes of knowing was reported by 
Piaget and Tapomer (1956) If two equal 
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parallel horizontal lines are presented so that 
they aie laterally offset, the upper line is over- 
estimated relative to the lower Piaget and 
Taponier found that the degree of this over- 
estimation increases as a function of age 
However, when the lines are presented initi- 
ally directly under each othei so that no illu- 
sory effect occurs and are then displaced 
while S is watching, the task becomes one of 
conservation of length In this case with in- 
creasing age, decieasmg numbei of Ss make 
illusion-type judgments, which would be ex- 
pected since there is increasing length con- 
servation as a function of age The piocedure 
of comparing increasing magnitude of illusion 
with decreasing numbers of Ss exhibiting the 
illusion may be questionable Nevertheless, it 
is an interesting demonstration of perceptual 
and cognitive development showing opposite 
age trends 

Piaget’s interest m perceptual activity is 
illustrated by one of the most methodologi- 
cally precise studies coming from his labora- 
tory (Piaget and Vmh-Bang, 1961) This 
study was an investigation of temporal param- 
eters of eye movements and fixations during 
a number of perceptual tasks Such informa- 
tion presumably could provide precise empir- 
ical support for the effects of fixation and 
coupling For example, when the peiceptual 
task was to compare the lengths of two verti- 
cal line segments, one above the other, there 
was a tendency to overestimate the upper 
segment Eye movement analysis indicated 
the upper segment was fixated more often 
However, m general the lack of details about 
reliability of the measures makes interpreta- 
tion of this study difficult 

Piaget s explanation of perception then is 
based on perceptual activity in the sense that 
Type I errors occur because of fixation dura- 
tion and Type II errors because of changes of 
fixation or scanning Pollack, as will be re- 
called, has also focused on developmental 
changes m illusions and, like Piaget, distin- 
guishes between those that decrease and those 
that increase with age However, in Pollack’s 
view the mechanisms are quite different, be- 
ing basic physiological aging factors for the 
second type 

B Hebb 

Hebb (1949, 1958), like Piaget, tends to 
emphasize activity m his analysis of percep- 


tual development, although, like the Gestalt 
theorists, he considers the discrimination of fig- 
ure and ground as a primitive basis for percep- 
tion He conceives of perception as a medi- 
ating process between sensation and lesponse 
and his views of perceptual development con- 
cern the role of early experience in producing 
this mediating piocess Perceptual activity is 
brought into the theory by invoking the hy- 
pothetical physiological entities of cell as- 
sembly and phase sequence These concepts 
refer to mtegiated neural networks formed by 
the close association in time between stimulus 
configurations and leceptor organ (eg, eye) 
movement In Hebb’s view the foimation of 
such neuial networks is a pierequisite for any 
pattern perception Thus even very primitive 
aspects of perception depend on prior experi- 
ence and movements or scanning It is not 
surprising then to find that much research 
conducted or stimulated by Hebb has inves- 
tigated the effects of early perceptual experi- 
ence In the absence of prior visual experience, 
pattern perception should be very difficult 
Hebb discusses studies of dark-reai ed animals 
and congenitally blind humans who have had 
their sight restored (Senden, 1960) and ad- 
duces evidence that under these conditions 
pattern perception is indeed defective (see 
Section IC) However, the human evidence 
is often very ambiguous (Wertheimer, 1951) 
and Gregory and Wallace (1963) have re- 
cently descnbed a relatively clear counterex- 
ample — a case of a patient with restored sight 
who was able to make good shape identifica- 
tions very soon after recovery of sight 

Another direction of work stimulated by 
Hebb has been examination of the perceptual 
effects of scanning tendencies Highly prac- 
ticed scanning movements in one direction 
may facilitate information leception m the 
direction of scan Thus when single letters 
are flashed tachistoscopically to the left or 
right of a fixation point they are detected 
more accurately on the right Furthermore, 
this selectivity increases with age (Forgays, 
1953) It is as if the left-to-nght scanning of 
reading habits makes one more sensitive to 
stimulus input from the side toward which 
the eyes are moving It will be recalled that 
in her studies of perception of orientation, 
Ghent similarly suggested that Ss tried to 
scan from top to bottom of stimuli When this 
scanning tendency is not congruent with 
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where the eye is attracted by a point of high 
information content (focal point), S’s judge 
the stimulus as upside down Some critics 
have attacked Hebb’s physiology for being too 
speculative Nevertheless, he has had an ex- 
tremely stimulating effect on the study of per- 
ceptual development, especially by means of 
manipulation of early experience 

C. Neurophysiological Approach 

Hebb’s ideas are also relevant to the neuro- 
physiological approach to perceptual develop- 
ment Teuber and Rudel (1962) have sum- 
marized considerable evidence concerning the 
peiceptual effects of brain damage at various 
ages These data are based on such tests as 
location of embedded figures and on tests of 
localization under conditions of body tilt The 
study documents quite forcefully the thesis 
that the perceptual eflFects of brain damage 
depend on the age of S at testing and on the 
type of perceptual activity being tested For 
example, the constant error in setting a lumin- 
ous line to vertical when the body is tilted in- 
creases with age, but it increases more for 
normal than for bram-damaged children On 
the other hand, setting body position to verti- 
cal from an initially tilted position results m 
higher constant error (further toward tilt and 
away from true vertical) m brain-damaged 
children than m normal controls, but this dif- 
ferences decreases with age 

Biich and LeflFord (1963, 1967) have pre- 
sented an mtegrated theoretical view of per- 
ceptual-motor development based on evidence 
from brain damage and the evolution of be- 
havior From both neurophysiological and 
comparative evidence they suggest three hy- 
potheses about the development of percep- 
tual-motor behavior 

1 There is a developmental shift from con- 
trol of movement by proximal stimulus input 
(eg, proprioception) to teloreceptive systems 
(eg, vision), This hypothesis seems to sug- 
gest that young infants initially are more re- 
sponsive to touch, proprioception, and vestib- 
ular stimulation and that with age, behavior 
comes to be controlled by such systems as 
vision and audition Teloreceptive control is 
well instituted by 5 years of age (Birch and 
LeflFord, 1967, p 8) 

2 There is a development of integration of 
the various sense modalities and activity is 


mediated by stimulation patterned from the 
several modalities An example of this in in- 
fancy presented by Birch and LeflFord is the 
fact that a rooting response can be elicited 
m the neonate by squeezing the ball of the 
thumb However, within a few months this 
stimulus is no longer effective unless the arm 
is adducted at the shoulder and bent at the 
elbow, this means a pattemmg of tactual and 
proprioceptive stimulation is now necessary to 
elicit the response 

3 There is mcreased mtrasensory differen- 
tiation as well as sensory integration That is, 
there are changes in the aspects of stimulation 
within a single modality to which organisms 
respond Such mcreased mtrasensory differen- 
tiation was thought to be reflected m improve- 
ment m visual lecognition of shapes, a task 
used in an investigation designed to evaluate 
the general position 

In this study ability to copy designs was cor- 
related with performance in intersensory and 
mtrasensory tasks There was a strong associa- 
tion between intersensory performance and 
the perceptual-motor coordination required 
by the copying task However, a positive as- 
sociation between mtrasensory functioning and 
the copying task was found only with a varia- 
tion of the copying task that involved ability 
to utilize supplementary visual cues The age 
range of the children, 5 to 11 years, was al- 
ready beyond the stage where there could be 
a test of the first hypothesis However, it will 
be recalled that the related hypothesis that 
visual perception matures later than tactual 
has been called into question earlier m this 
chapter and elsewhere by the present authors 
(Pick, Pick, and Klein, 1967) 

D Conclusions 

Birch and Lefford's third hypothesis of m- 
trasensory differentiation is reminiscent of the 
theoretical points of view of Gibson and of 
Werner and Wapner Is it possible to distin- 
guish these various differentiation theories? 
Both Birch and Lefford and Werner and Wap- 
ner provide for increasing hierarchic integra- 
tion along with increasing differentiation 
This accounts for the obvious increase with 
age m ability to cope with complex aspects 
of the environment and in particular to re- 
spond m a similar way to stimuli which are 
functionally similar but physically very dif- 
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ferent Gibson, on the other hand, accounts 
for this ability with the same mechanism as 
before, differentiation Complex or higher- 
order variables of stimulation aie distinguished 
and lesponse is made to these It is in this 
sense that the properties of the stimulus are 
emphasized and changes in attention to them 
are important rather than changes in piocess- 
mg of the same stimulus propeities Gibson 
would accept the importance of categoriza- 
tion and other mediation processes m cogni- 
tive tasks rather than m tasks involving per- 
ceptual change 

The clearest distinction m the concept of 
differentiation as employed by Gibson and the 
others is m the lange of problems addressed 
and in the specificity with which it is applied 
Both Birch and Lefford and Werner and Wap- 
ner have applied the concept mainly to m- 
trasensory problems, whereas Gibson has 
used it m the study of mtersensory problems 
(grapheme-phoneme units) as well as m the 
study of depth and shape perception She has 
also been more precise m specifying the stim- 
ulus dimensions that are differentiated 

The study of the development of shape 
peiception has been undertaken fiom more 
of the theoretical points of view considered 
m this chapter than has any other single 
problem The Gestalt, Gibson, Hebb, and 
Soviet motor-copy views have all been cen- 
trally concerned with this problem and some 
of the other views have been concerned with 
it msofar as they have studied illusions and 
embedded figures The Gestalt influence has 
been noted m problem areas othei than the 
direct study of shape perception The investi- 
gation of individual diffeience variables of 
field dependence and field articulation, the 
widespread use of various embedded figuie 
tests, and the importance placed on figure- 
ground relations m the study of bram-dam- 
aged children reflect the pervasiveness of 
some of the Gestalt concepts 

The development of depth perception has 
not been a focal problem for many of the 
theoretical positions Gibson has investigated 
the problem and Brunswik has inferred the 
effect of eaily experience Perception as a 
cognitive piocess has been emphasized m 
Piagets and Pollack's investigations as well 
as m Brunswik’s analysis of size and shape 
constancy None of the theoretical positions 
is seen as dealing completely and carefully 


with all of the problems of perceptual devel- 
opment In fact only the Gestalt theorists, and 
Hebb, and Gibson even address themselves 
to more than one or two aspects of peiceptual 
development A comprehensive theory prob- 
ably awaits the interrelating of many of the 
problems pieviously described, which hereto- 
fore have been investigated only m isolation 

A concluding question about perceptual de- 
velopment is whether theie aie any such dra- 
matic qualitative age changes m peiception 
as the development of the conservations in 
cognition At this point theie is certainly no 
solid evidence for such changes, with the pos- 
sible exception of imprinting As far as basic 
sensitivity is concerned, it appears that the 
age changes that occui are veiy giadual If 
qualitative changes are to be found, they will 
piobably occur in changes of attention with 
age 01 m changes m perceptual integration 
acioss sense modalities or acioss time delays, 
although even m these areas the evidence to 
date suggests gradual change 

The problems of attention and perceptual 
integration have been rediscovered and are 
arousing great interest The mechanisms of 
attention and education of attention, however, 
are not even cleaily defined concepts, much 
less well undei stood, and it seems likely that 
they will be crucial in any general theory of 
perceptual development Furtheimore, even 
veiy basic questions such as span of attention 
have not been investigated fiom a develop- 
mental point of view Perceptual integration, 
which must compnse a large part of real-life 
peiception, has received relatively little em- 
phasis m reseaich Yet there are a number of 
remedial (reading problem, retardation, etc ) 
pioceduies based on the supposed importance 
of sensoiy-motor cooidmation (Kephart, 
1960, Delacatto, 1963) Such proceduies both 
emphasize the need for basic leseaich on per- 
ceptual integration and hold out promise of 
great reward 

The study of peiceptual development has 
usually drawn its problems fiom the tradi- 
tional study of peiception, as witness the 
amount of literature m this chaptei on per- 
ception of size, distance, shape, illusions, etc, 
The field may well be beginning to draw its 
problems from the real world The recent re- 
search on reading is an example of this The 
social problems of cultural and environmen- 
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tal deprivation may set additional problems 
For example, practitioners in special education 
are becoming increasingly aware of ‘percep- 
tual” deficits, not only of the blind and deaf 
but also of the physically handicapped and 
of those with leammg disabilities Problems 
derived from the real world can have theo- 
retical as well as practical significance A 
more analytic approach to the problem of dep- 
rivation and enrichment, for example, might 
be suggested Such as analysis could then be 


integrated with the more analytic experimen- 
tal approaches to the problem of deprivation 
recently undertaken by Hem and Held 
(1967) The results of such manipulations of 
early experience contrasted with the discov- 
ery of complex stimulus detectois (Hubei and 
Wiesel, 1962) and the suggestion of innate 
linguistic categones (eg, McNeil, 1966) 
raise once again the initial question of this 
chapter, nativism versus empiricism, but it is 
at a new level of complexity 
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12. Learning in Children 

HAROLD W STEVENSON* 


Research on childrens learning is for the 
most part a derivative of psychological stud- 
ies of learning m animals and human adults 
Although the impetus for studying childrens 
learning is related to practical concerns in the 
educating and real mg of children, the field 
characteristically has been dominated by the 
methods and problems of the experimental 
psychologist The studies typically have been 
laboratory investigations, and until very re- 
cently few studies had been conducted m 
naturalistic or classroom settings Child psy- 
chologists have not rejected other methods as 
being unsuitable or inappropriate, but they 
have tended to use the experimental method 
because of the ease with which problems orig- 
inating in the expei imental study of learning 
m animals and human adults could be adapted 
to the study of children The close alliance 
with experimental psychology has been pro- 
ductive The number and quality of studies 
on childien’s learning published each year 
have continued to increase In many ways, 
however, the consequence of such an approach 
has been to provide more information about 
the general phenomenon of learning than 
about the distinctive characteristics of learn- 
ing m the immature organism 

The fiist studies of children's learning were 
straightforward adaptations of studies that had 
been conducted with animals Among the ear- 
liest was Krasnogorski's (1909) study of the 

* This paper was written while the author was m 
residence as a Fellow at the Center for Advanced 
Study m the Behavioral Sciences, supported in 
part by Special Fellowship (HD-35961) from 
the National Institute of Child Health and Hu- 
man Development, U S Public Health Service 


development of conditioned responses m chil- 
dren Krasnogorski, and somewhat later Ma- 
teer (1918), assessed the degree to which 
children's behavior, m this case salivation and 
chewing movements, could be modified by 
pairing conditioned and unconditioned stimuli 
The success of these studies, and the seemingly 
general power of the conditioned response par- 
adigm as a means of undei standing behavioral 
change, led to the early promulgation by 
Watson (1928) of the conditioned response 
as the key to effective child training Watson's 
defense of his position was not limited to dis- 
cussions of the work of others, foi some of the 
best known studies of childrens learning were 
conducted m his laboratory (Jones, 1924a, 
1924b, Watson and Raynor, 1920, Watson 
and Watson, 1921) on the instigation and 
elimination of children's fears by means of 
conditioning and extinction As might be ex- 
pected, Watson's espousal of learning as the 
primary source of behavioral change met 
with vigoious opposition, and arguments about 
the role of learning and maturation rocked 
the field for many years In the end, Watson's 
major influence proved to be methodological 
rather than substantive The strong behavior- 
istic orientation of American studies of chil- 
dren's learning can be tiaced to Watson's 
emphasis on the objective study of behavior 
Partially as a response to the proponents 
of conditioning such as Watson, and partially 
as a result of the inherent importance of the 
topic, many early investigators were concerned 
with the acquisition of sensorimotor skills A 
large proportion of the studies of sensorimotor 
learning weie designed to answer the general 
question of whether a given amount of prac- 
tice is equally effective, mdependent of the 
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child's level of maturation Of these studies, 
perhaps the best known are those of Gesell 
and Thompson (1929), Hilgard (1932), and 
McGraw (1935) In these studies there typi- 
cally were two groups of children an experi- 
mental group, which received intensive train- 
ing on a particular skill over a period of time, 
and a control group, which was given infre- 
quent or no piactice for the same period, 
followed by intensive training The impor- 
tance of the interaction of learning and ma- 
turation was clearly demonstrated, for when 
young children were given relatively simple 
tasks, such as learning to climb stairs, to cut, 
or to button, increasing matuiation lesulted 
m increasingly greater effectiveness of a given 
amount of training By the late 1930s, how- 
ever, mterest m sensorimotor learning had 
waned, and only minimal attention has been 
given to the topic for the past several decades 
The early research also included an array 
of studies on diverse topics whose only com- 
mon feature was an interest in contrasting the 
performance of children with that of lower 
animals or human adults Examples of such 
comparative studies are those on delayed re- 
actions by Hunter (1913, 1917), on maze 
learning by Hicks and Carr (1912), and on 
the solution of puzzles by Lmdley (1897) 
These studies, and indeed most of the early 
studies of children's learning, weie character- 
istically problem oriented They weie con- 
cerned with such questions as whether chil- 
dren performed moie effectively than lower 
animals, whether differences in CA, IQ, or 
sex resulted m differences m performance, 
and how the performance of children differed 
from that of adults The empirical orientation 
of such studies is not surprising, for theoreti- 
cal positions of some complexity did not begm 
to be formulated m discussions of the psy- 
chology of learning until the 1930s 
Many early studies were also concerned 
with the pragmatic questions of whether per- 
formance m learning tasks could be improved 
by the introduction of incentives and whether 
training was task-specific or transferred to 
other types of tasks The demonstiation by 
Thorndike (1932) of the facihtative effects 
of introducing rewards on the performance of 
animals and human adults led directly to in- 
vestigations of whether similar effects would 
be found with children, Although there were 
differences in the relative effectiveness of dif- 


ferent incentives when, for example, the per- 
formance of children was compared with that 
of adults, the results generally indicated a 
higher level of performance when the child 
was presented an incentive for conect re- 
sponse than when he was not (Abel, 1936, 
Huilock, 1931) Thorndike (1924) also stim- 
ulated an mteiest m transfei of tiaimng, but 
his work was preceded by that of such pei- 
sons as Judd (1908) on the general effects of 
practice on rote memory A typical study was 
that of McGinnis (1929), who mvestigated 
transfei m the stylus-maze learnmg of pre- 
school childien A more exhaustive delineation 
of early studies of childien's learning would 
include woik on retention (eg, Meek, 1925), 
forgetting (eg, Ballard, 1913), and the ef- 
fects of guidance on learning (eg. Gates and 
Taylor, 1923, Goodenough and Brian, 1929) 
There were also many studies of problem solv- 
ing, but this is the topic of another chapter in 
this book and the research will not be dis- 
cussed here 

This early research accomplished little other 
than replicating the findings of earlier stud- 
ies Munn (1954, p 449), m concluding his 
review of children's learnmg for the preceding 
edition of this Manual , summarized his im- 
pressions m the following way. 

So far as discovering anything fundamen- 
tally new concerning the learnmg process, the 
investigations on learning m children have 
failed One possible reason for this is that such 
investigations have from the first been pat- 
terned too much after the lines of eailier re- 
search with animals and adults m the labora- 
tory A more likely reason, however, is that 
the phenomenon of learning is fundamentally 
the same whether studied in the animal, child, 
or adult 

Although we may wish to qualify the sec- 
ond interpretation, Munn's general conclusion 
seems appiopriate Educational and child- 
reanng practices and other research m learn- 
ing were not strongly influenced by the work 
that had been done with children This does 
not mean, however, that teachers and parents 
were not influenced by psychological research 
m learning Such research consistently has 
been a focus of attention m educational psy- 
chology and, especially in the heyday of con- 
ditioning, was an important source of advice 
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about how paients should lear their children 
The overall similanty in the results of studies 
with children and those with other subjects 
was interpreted by many as indicating that 
the results of studies on animals and adults 
could be applied directly to the child, and be- 
cause of this child psychologists often found 
it convenient to discuss children's behavior in 
terms of learning principles This, in addition 
to the efficient and replicable procedures of 
laboratory studies, gave child psychology a 
learning and experimental orientation that still 
persists 

It would be unfortunate if the more recent 
research on children s learning had produced 
only a proliferation of adaptations and trans- 
lations of research with animals and human 
adults, but this has not been the case Al- 
though the studies still aie intimately related 
to the general body of research in learning, 
investigators have begun to capitalize on the 
characteristics of children that make them es- 
pecially suitable subjects for yielding new in- 
formation about the learning process Two of 
the most important characteristics are the de- 
velopmental changes in the role of language 
in the control of behavior and the degree to 
which the child's behavior is influenced by 
that of other persons It seems logical, and the 
studies have offered support for such an argu- 
ment, that the learning process would under- 
go changes as the child gams linguistic compe- 
tence and undergoes socialization experiences 
Research became more productive and the 
study of children's learning was vitalized when 
psychologists began to select children as sub- 
jects because of their distinctive characteris- 
tics and not merely because of curiosity about 
how children would perform m standard lab- 
oratory tasks or because they were readily 
available and cooperative 

A second factor that transformed research 
with children from a replicative to an inno- 
vative field of investigation was the develop- 
ment of increasingly sophisticated theoretical 
models and systems m general psychology 
None of these has been concerned explicitly 
with developmental processes, but they have 
been a valuable source of ideas and, impor- 
tantly, have elucidated the possible importance 
of particular variables m determining how 
children learn Because of these theoretical 
advances, current research with children is 
typically variable-oriented, in contrast to the 


problem orientation of earlier studies It would 
be an overstatement to say that all learnmg 
studies with children now seek to assess the 
significance of particular variables Most com- 
monly, however, questions are asked about 
how experimental variables influence learning 
either singly or m mteraction, rather than 
questions such as how long it takes children 
to learn a certain task, whether performance 
differs according to age, sex, and intelligence, 
and how the performance of children differs 
from that of lower animals 

By now there have been so many studies 
of children's learning that it is impossible to 
review them adequately in one chapter For- 
tunately, comprehensive reviews have ap- 
peared m the two previous editions of this 
book (Munn, 1946, 1954) and m the two 
editions of A Handbook of Child Psychology 
(Peterson, 1931, 1933) In addition, the re- 
cent lapid development of the field has led 
to the publication of numerous reviews of 
reseaich on particular topics (Bijou and Baer, 
1963, 1966, Cantor, 1965, Castaneda, 1965, 
Denny, 1964, Fowler, 1962, Gollrn, 1965, 
House and Zeaman, 1963, Kendler, 1963, Lip- 
man, 1963, Lipsitt, 1963, 1967, Long, 1959b, 
McPherson, 1948, 1958, O'Connor, 1958, 
Reese, 1963, Ross, 1963, Shepp and Turrisi, 
1966, Spiker, 1963, Stevenson, 1963, Terrell, 
1965, White, 1963, Zeaman and House, 1967) 
It seems desirable therefore to concentrate in 
this review on the topics that currently are 
receivmg the greatest amount of attention 
References to earlier research are made 
only when such information is necessary to 
place a topic m its historical context, Some 
topics included in earlier chapters such as 
sensorimotor learning, memory, and problem 
solving aie omitted, either because they have 
been inactive areas of research or because 
they are discussed m detail elsewheie m this 
book Thus this chapter generally supplements, 
rather than reiterates, what has been discussed 
in previous general reviews 

This chapter begins with a consideration of 
the most simple form of learning, the condi- 
tioned response, and proceeds through a dis- 
cussion of more complex forms Although it 
would have been desirable to organize the 
chapter around variables that influence learn- 
ing or around basic processes m learning, the 
most convenient and economical mode of or- 
ganization appeared to be by type of task 
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Because so many different tasks have been 
used, and because the tendency has been to 
investigate particular topics with a limited 
number of tasks, a laige amount of lepetition 
would have been necessary if another mode 
of organization had been used Basic studies 
that have used normal children as the subjects 
receive primary attention, and studies dealing 
with special populations, such as the retarded, 
the deaf, and the disturbed, have not been 
discussed Because of the vast number of pub- 
lications no attempt is made to include all 
possibly relevant studies The leview is selec- 
tive and discusses critical studies as intensively 
as possible An attempt is made, howevei, to 
refei to reviews or other bibliographic sources 
for the use of persons who aie interested in 
pursuing particular areas of leseaich 

CONDITIONING WITH INFANTS AND 
YOUNG CHILDREN 

Everyone who has had a course in intro- 
ductory psychology is familiar with the basic 
facts about conditioning Classical and op- 
erant conditioning, experimental extinction, 
spontaneous recovery, and the like have been 
demonstrated repeatedly with mature orga- 
nisms from a wide variety of species The ini- 
tial interest m research with children was to 
ascertain whether these processes could be 
established m the human infant and child, and 
when an affirmative answer was reached, at- 
tention was directed to the questions of when 
the infant could be conditioned, what kmds 
of conditioned stimuli were effective, and the 
kinds of responses that could be conditioned 
The effectiveness and simplicity of the condi- 
tioning methodology have led to many attempts 
at training and therapy, and a sizable propoi- 
tion of the woik with children has dealt with 
these problems 

Neonatal Conditioning 

Psychoanalytic theoiy pioposed that the 
early expenences of the infant have a pro- 
found importance for later personality devel- 
opment One test of the validity of this prop- 
osition, as well as Watson s (1928) proposition 
concerning the universal applicability of con- 
ditioning procedures, is to determine whether 
the neonate can be conditioned Unless the 
neonate can be conditioned, it is doubtful that 
other types of experiences could have enduring 


psychological effects It would seem the ques- 
tion could be answered readily, but at one 
point the problems seemed to be nearly insur- 
mountable The report by Wickens and Wick- 
ens (1940) placed the results of eailier studies 
m question because of the lack of appropriate 
controls As if it were not difficult enough to 
obtain subjects who meet the requirements of 
a stringent experimental design, neonates are 
troublesome subjects with which to work, for 
they are often asleep, irritable, or hungry 
Even more distressing than the inadequa- 
cies of the eailiei studies were the actual re- 
sults of the Wickens 7 investigation Dunng a 
series of training tuals, neonates in an experi- 
mental group weie presented the sound of a 
buzzer as the conditioned stimulus and a shock 
to the foot as the unconditioned stimulus, in 
one control group the nepnates were piesented 
only the buzzer and m another only the shock 
Clear evidence of conditioning was found for 
the experimental gioup, but similar results also 
were found for the group that had been pre- 
sented only the shock during the training trials 
One of the interpietations of these results was 
that the effective conditioned stimulus for 
both of these gioups was a change m the stim- 
ulus complex and that as the shock had consti- 
tuted such a change m the training period for 
the conti ol group, the buzzer constituted such 
a change in the test tuals and therefore was 
capable of eliciting the conditioned response of 
leg retraction If this were the case, and neon- 
ates were so sensitive that any change in the 
environment might operate as a conditioned 
stimulus, it seemed unlikely that a study could 
be designed to assess the critical features of 
the conditioned response 

Following the Wickens 7 study, interest in 
the pioblem was dormant until new tech- 
niques were introduced in the mid-fifties The 
Wickens 7 somewhat incongruous results turned 
out to be partly attributable to their use of 
electric shock as the unconditioned stimulus 
Shock and other aversive stimuli, except, per- 
haps, so mild a stimulus as a puff of air to the 
eye (Lmtz, Fitzgerald, and Brackbill, 1967), 
have the undesirable effect of heightening the 
organism’s level of arousal and thereby alter- 
ing threshold values for response Subh effects 
seem to occur with less frequency when the 
stimuli are non-noxious, and studies of appeti- 
tional conditioning have given much more 
clear-cut demonstrations of neonatal condi- 
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tionmg than had previously been available 
The most notable work has been that of 
Papousek at the Institute for the Care of 
Mother and Child in Pi ague 

Papousek was fortunate m having infants 
available at the Institute from birth through 
the first six months of life Thus he could be- 
gin his studies with infants of diffeient ages 
and proceed through a senes of conditioning, 
extinction, reconditioning, discrimination, and 
reveisal procedures Summanes of his work 
have appeared in several recent publications 
(Papousek, 1965, 1967a, 1967b) Following 
is the basic proceduie used m these studies 

The UCS (milk) was piesented by the as- 
sistant, who sat scieened behind S’s head If S 
responded to the bell and turned to the left, 
milk was offered to him immediately The bell 
continued to ring until S staited sucking the 
milk If S did not respond to the presentation 
of the CS within 10 seconds, the assistant 
(nurse) tried eliciting the head turn by tactile 
stimulation, touching the left corner of hi$ 
mouth with the nipple If this stimulation was 
ineffective, she turned his head to the left and 
placed the nipple m his mouth At the end of 
reinforcement the nurse turned his head back 
to the middle, leading it with the nipple, and 
then took the nipple fiom his mouth (Papou- 
sek, 1967b, p 255) 

Ten such trials were given each day until five 
consecutive positive responses were made m 
a daily session In the basic study, condition- 
ing was begun with groups of infants with 
mean ages of 3, 86, and 142 days 

In the youngest group an average of 32 2 
trials was necessary before the first conditioned 
head-turn appeared, and the average number 
of trials required to reach criterion was 177, 
Thus conditioning was demonstrated during 
the neonatal period and m some cases was 
quite rapid Criterion was reached within 7 
days by some infants, but others required more 
than a month of tiaimng Genei'ally, the i ate of 
conditioning of newborns was slow in com- 
parison to that of the two older groups of in- 
fants, who required an average of only 42 3 
and 27 8 trials, respectively, to reach criterion 

Papousek (1967b) discerned several stages 
through which the infants passed prior to the 
formation of stable conditioned responses 
During the first phase, the CS elicited non- 


specific ouentational behavior, then partial 
responses, and finally the first conditioned re- 
sponses This phase was relatively long m ne- 
onates and included signs of distress The 
next phase was unstable conditioning, which 
m neonates sometimes included generalized 
movement of the whole body Ultimately a 
phase of stable conditioning was reached m 
which the responses were stronger, fastei, and 
made with signs of pleasure lather than dis- 
tress 

A closely related study has been reported 
by Siqueland and Lipsitt (1966) Two groups 
of infants between 1 and 2 days of age were 
presented 30 trials m which a buzzer preceded 
tactile stimulation of the cheek by 2 seconds 
One group was remfoiced with a dextrose so- 
lution immediately following rotation of the 
head to the side of stimulation, wheieas m the 
other gioup remforcement occurred 8 to 10 
seconds aftei termination of the tactile stimu- 
lus After training, the Ss received 12 extinc- 
tion trials The results reflected significant 
effects of the lemfoi cement and extinction 
procedures in the experimental group and a 
relatively stable level of response across trials 
in the control group Two aspects of the study 
yielded negative findings Amount of deputa- 
tion did not influence the rate of conditioning, 
for there weie no significant diffeiences in 
performance of the Ss, with half of each group 
tested 1 hour aftei feeding and the others 
tested 2>4 hours after feedmg Furthei, there 
was no leliable indication of conditioning with 
the measuie used by Papousek, for the Ss 
showed no significant tendency to anticipate 
the presentation of the UCS by rotating their 
heads following the onset of the buzzer 

Siqueland and Lipsitt (1966) applied the 
same basic procedure in studying learned dif- 
ferentiation of stimuli by neonates and the 
reveisal of responses to positive and negative 
stimuli In the first study, 1- to 5-day-old in- 
fants were piesented 48 tnals m which tactile 
stimuli, preceded by distinctive sounds, were 
piesented alternately to the left and right 
cheeks Response to one of the stimuli was re- 
inforced and response to the other was not 
The frequency of head-turns to the reinforced 
side increased significantly over trials, whereas 
theie was no increase m the frequency of re- 
sponse to the nonremforced side A habitua- 
tion effect was demonstrated m the control Ss 
for whom remfoi cement was not contingent 
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upon head-turning With another group of 2- 
to 5-day-old infants head-turns preceded by 
one auditory stimulus were reinforced and 
those by another were not Aftei 60 acquisi- 
tion trials the pattern of reinforcement was 
reversed for a second series of 60 trials Clear 
evidence of the infants' ability to discriminate 
auditory stimuli was found, not only did the 
frequency of responses to the positive increase 
during training, but by the end of the reversal 
trials the frequency of response to the previ- 
ously negative stimulus exceeded that to the 
previously positive (now negative) stimulus 
The results of a study by Lipsitt, Kaye, and 
Bosack (1966) indicated that the effects found 
in the latter studies were not limited to the 
head-turning response When the insertion of 
a rubber tube in the mouths of 1- to 4-day- 
old infants was followed by reinforcement 
with a dextrose solution the rate of sucking 
mcreased significantly, and when the reinforce- 
ment was omitted the rate dropped to a base- 
line level Rate of sucking therefore was 
significantly altered by the reinforcement con- 
tingencies 

Further evidence of the modifiability of 
neonatal behavior has been reported by Kaye 
(1965) in a study of the Babkin reflex In this 
reflex piessure to the palms of a supine infant 
results m the infant's opening its mouth The 
arms of 2- to 4-day-old infants were moved 
from the extended to the flexed position and 
pressure was applied to the palms when the 
anus were m the flexed position. In tests fol- 
lowing 35 training trials, the frequency of 
mouth opening to arm movement alone was 
significantly higher than that which had been 
found in a baseline period and was consist- 
ently above that of control Ss for whom arm 
movement had not preceded pressure to the 
palm during the training trials 

Other recent studies of neonatal condition- 
ing have been discussed by Brackbill and 
Koltsova (1968), Lipsitt (1963), and Fapou- 
§ek (1967a) Among the most notable of the 
studies offering evidence of conditioning are 
those by Dashkovskaia (1953) on condition- 
ing of the eye-blmk reflex in 8-day-old infants 
and by Krachkovskaia (1967) In the second 
study an increase in leukocyte count, which 
typically occuis m infants following feeding, 
was found in 8-day-old infants at the time 
they usually were fed when the feeding was 
omitted to allow testing without food A simi- 


lar form of temporal conditioning had been 
reported earlier by Marquis (1941), who 
found an increase m bodily activity after the 
third hour in 9-day-old infants whose feeding 
was altered from a 3- to a 4-hour schedule 
Considering all these studies, there seems to 
be little question that neonatal conditioning 
is possible 

The next obvious question is whether condi- 
tioning is possible prior to birth and m infants 
who are bom prematurely The best known 
study of prenatal conditioning is that of Spelt 
(1948), who reported what appeared to be 
conditioning of the fetus m utero during the 
last two months of gestation Unfortunately, 
this study has not been followed by further re- 
search, and in the face of the inadequacies of 
the controls, especially of the mothers' per- 
ception of the UCS and the CS, it is difficult 
to conclude that successful conditioning was 
demonstrated Prematuie mfants apparently 
can be conditioned, but this problem, too, will 
require additional research before satisfactory 
conclusions can be drawn Other than the dis- 
rupting effects that might occur from the 
greater incidence of physical anomalies m the 
premature, there would be no reason to ex- 
pect that premature infants would be less sus- 
ceptible to conditioning than would full-term 
babies, if both are tested at comparable ges- 
tational ages When groups of prematures 
were matched with full-term infants on the 
basis of time smce delivery, JanoS (1965) 
found slower conditioning in the prematures, 
but they were nevertheless able to reach a 
criterion of five consecutive eye-blmks to a 
tone The argument has been made that the 
greater opportunities premature mfants have 
for stimulation may result m faster condition- 
ing, but at present there is no evidence that 
prematurity is especially advantageous to 
learning, 

Habituation 

The status of habituation is still being de- 
bated, some regard it as an example of learn- 
ing, whereas otheis view it as the result of 
more basic neural processes (see Bartoshuk, 
1962) At any iate, the diminution of response 
to repetitive stimulation illustrates a change in 
behavior as a function of repeated experience 
with a particulai stimulus, a definition that of- 
ten is used for learning The process has been 
demonstrated in lower animals, neonates, and 
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older infants Recent interest in the study of 
habituation with neonates is attributable to a 
study reported by Bronshtein, Antonova, Kam- 
enetskaya, Luppova, and Sytova (1958), in 
which a tone or odor followed the insertion of 
a pacifier m an infant's mouth Initially, the 
infant ceased sucking when the odor or tone 
was presented, but with repeated presenta- 
tions the stimulus became ineffective m sup- 
pressing sucking A repetition of the study by 
Keen (1964) produced less sti iking results 
than those reported by Bionshtem et al , when 
the duration of the tone and mtertrial interval 
were carefully controlled there was less cessa- 
tion of sucking to the tone than had been found 
m the earlier study Also, habituation occurred 
much more slowly, and there was no evidence 
that the neonates discriminated between the 
two tones (400 versus 4000 cps) that were 
used The inexplicitness of the Russian report 
makes it impossible to assess the basis for these 
discrepancies m results Keen did find, as had 
Bndger (1961) m a study of cardiac accel- 
eration to tones, that the duration of the stim- 
ulus played a more important role m producing 
habituation m neonates than did the interval 
between presentations Other efforts (Kaye 
and Lavm, 1963, Solomons, Hardy, and Mel- 
rose, 1965) have been unable to produce ha- 
bituation of the sucking response 

Two other studies using olfactory stimuli 
and body movement as the response have 
found evidence of habituation (Engen and 
Lipsitt, 1965; Engen, Kaye, and Lipsitt, 1963) 
The percentage of neonatal responses to the 
stimulus (anise or asafoetida) decreased with 
repetitive stimulation and the effect of previ- 
ous experience generalized, for more rapid 
habituation was found to each odor when it 
was presented after habituation had occurred 
to the othei When two odors (amyl acetate 
and heptanal) were combined habituation to 
the mixture occurred, and when the odors 
were presented singly there was recovery of 
the habituated response 

Conditioning m Older Infants 

In contrast to the small number of studies 
that have been conducted with neonates, there 
have been many studies of conditioning with 
older infants and children Soviet psychologists 
and physiologists, trained m the Pavlovian 
school, have been responsible for a large pro- 
portion of this work Reviews of the most sig- 


nificant of these studies have been presented 
by Brackbill (1962) and Brackbill and Kolts- 
ova (1968) Despite the extensive work that 
has been done, a great deal of paiametric 
work still is needed Little is known, for ex- 
ample, about the effects of length of presenta- 
tion of the CS and UCS, the interval between 
presentation of CS and UCS, the intensity of 
the CS, and lemf or cement mechanisms m con- 
ditioning the young human being 

The Soviet work has been multifaceted, 
but two consistent lines of investigation have 
been studies of the effects of the CS on condi- 
tioning and of the development of higher- 
order and complex forms of conditioning Ac- 
cording to Brackbill (1962, p 110), “Soviet 
physiologists maintain that m conditioning — at 
least in classical conditioning — there is only 
one really influential member of the triad, 
CS-UCS-CR, and that is the first member” 
Accordingly, much time has been spent in as- 
certaining developmental trends m condition- 
ing as a function of the type of CS used All 
types of stimuli have not been found to be 
equally effective at all ages, for maturational 
changes in the sensory apparatus appear to 
result in a developmental sequence m the rel- 
ative effectiveness of a particular CS This se- 
quence, according to Kasatkin ( Brackbill and 
Koltsova, 1968), is such that vestibular stim- 
uli are effective earliest, followed by auditory, 
tactile, olfactory, taste, and visual stimuli, in 
that order There are problems, of course, in 
equating the mtensity of stimuli differing on 
qualitative dimensions, but for the present 
there is little evidence that this sequence is not 
correct 

Soviet investigators distinguish three cate- 
gories of stimuli as being effective in eliciting 
responses m the human being Unconditioned 
stimuli elicit leflexive responses, conditioned 
stimuh become capable of eliciting such re- 
sponses through their association with uncon- 
ditioned stimuli, and, at a later developmental 
level, words develop meanings that, if asso- 
ciated with the CS, become capable of elicit- 
ing the conditioned response Conditioned 
stimuh constitute what are called the first sig- 
nal system and words constitute the second 
signal system A great deal of emphasis has 
been placed on the role of the second signal 
system in the development and control of hu- 
man behavior A study by Degtiar (1962, 
cited by Brackbill and Koltsova, 1968) lllus- 
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hates the type of research that has been done 
on the emergence of the second signal system 
Children from lj4 to 3 years of age readily 
developed conditioned responses to visual and 
auditory stimuli which generalized to the 
veibal cues “lamp” and “bell ” The youngest 
Ss weie incapable of geneializmg the response 
to abstiact designations of these stimuli and 
did not icspond to the words “light” and 
“sound,” even though they had been taught 
the meanmg of these words before participa- 
ting m the experiment 
A second example of studies of the second 
signal system is that of Koltsova (1967) on 
the role of excitation and inhibition m the de- 
velopment of generalization In an initial ex- 
periment there were two groups of 2-year-old 
Ss In the fust group the presentation of geo- 
metrical figures was accompanied by a puff 
of an* to the eye and the utterance “thing,” 
whereas the piesentation of objects such as a 
key or diumstick was never accompanied by 
the puff oi the woid In the second group the 
presentation of small skeins of yarn was al- 
ways followed by an an puff, but only those 
in which yellow predominated were accom- 
panied by the word “thing ” Stable discrim- 
ination between the positive and negative 
stimuli was found m the first group as succes- 
sive stimuli weie piesented, but m the second 
group successive presentations of the same or 
diffeient skeins lesulted in mcieasmgly weak 
and unstable responses and, eventually, extinc- 
tion When the children were asked to pick 
out a “thing” from sets of objects, clear diffei- 
entiation was found in the first gioup, for the 
Ss always chose geometrical forms, but m the 
second group the Ss chose only the brightest 
and largest of the objects The results of this 
and subsequent similar studies were intei - 
preted as evidence of the necessity foi devel- 
oping inhibitory as well as excitatory processes 
before successful generalization from earlier 
conditioning can occur 
Many othei examples of Soviet research 
could be cited, such as studies of auditory 
discrimination, color vision, and the condition- 
ing of physiological responses, but most of 
these studies deal with capacity rather than 
process Perhaps the major impact of these 
studies has been the demonstration of the ubi- 
quity of the conditioning process Conditioning 
has been shown to be an important tool for 
assessing the abilities of the preverbal child, 


the functions of language, the operation of 
physiological processes, and the possibilities 
for remediation of defects or deficits m be- 
havior 

The most noteworthy non-Soviet study of 
conditioning of older infants and young chil- 
dren is that by Papousek (1967b) As indi- 
cated earliei, Papousek found developmental 
changes in the late with which head-turning 
could be conditioned In rate of extinction, 
however, the thiee gioups of Ss, now 32, 94, 
and 149 days of age, all met the cntenon of 
five consecutive negative lesponses m approx- 
imately the same number of trials (25 to 27) 
The latency of the CR was longei for the 
youngest group, and for these Ss there was a 
significant con elation between trials to con- 
dition and tuals to extinguish, but othei wise 
theie was no basis foi mterpietmg the lemaik- 
able similauty m rate of extinction among the 
thiee groups of Ss Reconditioning occuired no 
moie xapidly than original learning for the two 
oldest groups of Ss, but it was faster foi the 
youngest group Age diffeiences also were 
found foi speed of disciimmation involving 
leinfoi cement of responses to a bell on the left 
and to a buzzei on the right, and foi reveisal 
of this disciimmation This same negative re- 
lation betwen age and number of trials to cn- 
tenon has been reported m at least 13 other 
studies of conditioning (Brackbill and Kolts- 
ova, 1968) 

The studies leviewed thus far have not 
been sepaiated into those using classical con- 
ditioning procedures and those using instru- 
mental or opeiant piocedures, The distinction 
between those m which behavior is elicited 
(classical) and those m which behavior is 
emitted (opeiant) is of importance, however, 
in intioducing the next group of studies, which 
are all the operant type The opeiant method 
has been popularized by Skinner and his stu- 
dents, but the initial systematic studies of 
operant conditioning with children weie con- 
ducted by Ivanov-Smolensky ( 1927 ) In Ivan- 
ov-Smolenskys studies, which have been re- 
viewed by Razran (1933), the child was able 
to lelease a piece of food from a container by 
pressing a rubbei bulb The CS (bell oi light) 
was piesented just before the food was visible 
Such a technique was effective m establishing 
stable conditioning, higher-ordei conditioning, 
and conditioning to chains of stimuli with 
young children 
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Rhemgold, Gewirtz, and Ross (1959) cap- 
italized on the usefulness of operant tech- 
niques in their study of the conditioning of 
vocalization m the 3-month-old infant Vocali- 
zations were reinforced by a complex of social 
acts, including smiling, making “tssk” sounds, 
and touching the baby's abdomen Such acts 
were effective m increasing the frequency of 
vocalization over that found m a baseline per- 
iod and, when omitted, in reducmg the fre- 
quency of vocalization to approximately the 
basehne level The experiment was conducted 
in 9 daily 3-mmute sessions over 6 days The 
results appear to offer clear evidence of condi- 
tioning, but an alternative interpretation of 
the increase and subsequent decrease m vo- 
calization is possible The social stimuli may 
have had an arousing rather than a reinforcing 
function The validity of such an interpreta- 
tion was investigated by Weisberg (1963), 
who lephcated the experimental conditions of 
the Rhemgold et al study adding groups for 
whom vocalization was reinforced by a non- 
social stimulus (door chime), groups m which 
either the social or nonsocial stimuli were not 
contingent upon S's vocalizing, and nonrem- 
forced groups m which the adult was present 
and in which the adult was absent Successful 
conditioning and extinction weie found m the 
first group only, thereby supporting the con- 
clusion that conditioning had been demon- 
strated in the earlier study 

Two other studies offer evidence of operant 
control of infants' social behavior The fre- 
quency of smiling m 4-month-old infants m- 
ci eased significantly when an adult reinforced 
smiling by picking up the baby, smihng, and 
talking to him (Brackbill, 1958) Evidence of 
extinction, accompanied by an increase m pro- 
test responses, was found when remfoi cement 
was discontinued (The presence of such emo- 
tional responses during extinction was also 
noted by Rhemgold et al ) Etzel and Ge- 
wirtz (1967) also used social stimuli to rein- 
force smihng in 6- and 20-week-old infants 
while simultaneously attempting to reduce the 
incidence of crying by nonreinforcement 
These studies demonstrate with infants what 
will be abundantly clear in later discussions of 
research with older children The adult may 
exert powerful control over behavior by fol- 
lowing desired responses with reinforcement 
and by withholding reinforcement following 
undesired lesponses. 


CONDITIONING STUDIES WITH OLDER 
CHILDREN 

Studies of conditioning with older children 
have relied nearly solely on operant methods 
The degree to which operant conditioning has 
captured attention is exemplified in the recent 
books on child development by Bijou and Baei 
(1961, 1965), where the principles of operant 
conditioning provide the guiding theme m 
their analysis of behavior The basic tenets of 
such an approach have been summarized by 
these writeis 

The positivistic appioach is usually func- 
tional an area of behavior is defined and then 
procedures are established to disco vei those 
variables which control it As discoveries are 
made, responses are described as functions of 
certain experimental manipulations, usually 
of stimulus events m the past and present en- 
vironments, and a set of empirical laws evolves 
Concepts arise not because of then imagina- 
tive, logical, oi global chaiactenstics, but only 
as they seive to descube and summarize the 
experimental stimulus operations which con- 
trol behavior Hence, such concepts are func- 
tional in that they pertain only to those proce- 
dures demonstiated to influence the behaviors 
m question (Bijou and Baei, 1966, p 719) 

The basic principles of opeiant condition- 
ing are simple, explicit, and applicable to a 
wide vanety of behavior Initially research 
was concerned with problems such as the kinds 
of response that could be modified, the classes 
of stimuli that were effective reinforcers, 
and the types of schedule of reinforcement 
that were optimally effective (eg, Baer, 1960, 
1961, Bijou, 1957, 1958, Bijou and Sturges, 
1959, Long, 1959a) The cataloguist function 
has not dominated such research, however, 
and the principles have been investigated in 
a number of novel and interesting ways 

Verbal Conditioning 

The verbal behavior of children, at least 
withm the restricted settings that have been 
used, can be effectively controlled by making 
reinforcement contingent upon the emission 
of a particular verbal response Of special in- 
terest has been the analysis of the relation of 
situational and antecedent conditions to chil- 
dren's eonditionability A good example is the 
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developmental study by Baer and Goldfarb 
(1962) m which Ss in grades 3, 6, and 10 
were asked to select a pronoun from a list and 
use it as the first word in a sentence The ex- 
perimenter (a male adult) made a supportive 
comment after each sentence that began with 
"I ” Developmental changes m rate of condi- 
tioning differed for boys and girls The great- 
est increment in “I” responses occurred for 
grade 3 boys and grade 10 girls, and the small- 
est increments for grade 3 girls and grade 10 
boys Sex differences were small at grade 6 
The tendency, then, was for the conditioning 
procedure to be increasingly effective with 
girls and decreasingly effective with boys as 
age increased 

Rowley and Keller (1962) employed the 
same procedure with 9- to 12-year-olds, but 
they added a control group that icceived no 
reinforcement and a second expenmental group 
whose reinforcement consisted of a nod of the 
head and a smile from the experimenter Per- 
formance did not change across trials for the 
control Ss, but there was a moderate increase 
in the number of remforced pronouns with 
physical reinforcement and a marked increase 
with verbal remfoi cement Boys and girls per- 
formed at approximately the same level and 
there were no differences m performance be- 
tween groups scormg high and low on a test 
of manifest anxiety 

The degree to which preschool boys could 
be conditioned to answer “Mother” or “Father” 
to a series of simple questions about a family 
of four dolls was found to differ by Epstem 
and Liverant (1963), depending upon boys* 
sex-role identification The Ss were obtained 
by selecting the highest and lowest scoreis 
from a large sample of boys given a test of 
sex-role preferences Conditioning occurred m 
all groups, but boys who were classified as 
high-masculme identifiers were more effec- 
tively conditioned by a male than by a female 
experimenter The male expenmenter was a 
more effective agent of reinforcement foi the 
high- than for the low-mascuhne identifiers, 
and the only group in which “Fathei” was 
not more effectively conditioned than “Mothei” 
was the low-masculine group tested by a male 

Reinforcement m the preceding studies in- 
volved a social response from the expen- 
menter Would verbal conditioning also occur 
if a nonsocial reinforcement were used^ A 
study by Erickson (1962) indicated that it 


would not Sixth graders were remforced 
with the automatic delivery of a marble or 
with the statement “Good” each time they 
verbalized the name of the animate object 
m pairs of animate and inanimate objects 
Pnor to this task the Ss spent 15 mmutes 
working on a game m which they were 
praised by the experimenter or performed 
alone Conditioning occurred with verbal re- 
inforcement when there had been no social 
interaction m pretraimng, but even this form 
of reinforcement was ineffective when the 
Ss had been praised in their pie-experimental 
sessions 

These studies illustrate how radically the 
expeiimental situation changes when the ex- 
perimenter enteis the scene The sex of the 
subject, sex of the expenmenter, sex-role 
pieferences, and previous opportunities for 
social mteraction, all seemingly strange vari- 
ables to consider in studies of conditioning, 
became important determinants of how 
rapidly learning will occur Much moie will 
be said about such variables m later sections 

Drive Level 

There has been a great deal of interest m 
the effects of high levels of drive on the con- 
ditioning of instrumental motor responses 
Total dnve level has been vaned by increas- 
ing frustration, by using incentives of dif- 
ferent value, and by selecting Ss differing m 
level of anxiety 

The impetus for using frustration comes 
from the hypothesis that nonreward in the 
context of reinforced trials leads to frustra- 
tion, which increases drive, which, m turn, 
increases level of performance m situations 
employing simple, noncompetitive responses 
One of the first investigations of this hypothe- 
sis with children was lepoited by Holton 
( 1961 ) Preschool Ss were divided into three 
groups on the basis of pretraimng experi- 
ences Two groups received a large number 
of reinforcements (marbles) prior to receivmg 
nomeward In one of these groups, only a 
few more marbles were needed to reach the 
goal of filling a maible board that could 
be traded foi a prize a larger number of 
marbles was needed m the other group A 
third group received a smaller number of 
lemforcements pnor to nonremforcement and 
needed only a small number of marbles to 
fill the marble board The response measure 
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was force exerted on a panel whose depres- 
sion resulted m the delivery of a reward The 
amount of force increased m all groups be- 
tween the early reinforced period and the 
period following the introduction of non- 
remforcement The increase was greater when 
nonremforcement occurred neai the goal and 
followed a large number of reinforcements 
or when nonremforcement occurred furthei 
from the goal The effects of nonremforce- 
ment therefore depended on both the prior 
number of reinforced trials and how close S 
was to leaching the defined goal 

Endsley (1966) tested 7- and 8-year-olds 
in a related study The Ss efforts in an initial 
task met with either success or failuie To 
have another try at the fiist task, the Ss were 
required to push a button on a second piece 
of apparatus The first task was rigged so 
that the Ss could be made to fail either near 
or far from the defined goal In contrast to 
Holton's findings, both neai- and far-failure 
Ss responded faster after success than after 
failure The total situation, however, was 
much more complex, and it is likely that fail- 
ure elicited avoidance responses, such as 
looking back at the apparatus of the fiist 
task, which interfered with the Ss’ subsequent 
response on the second task 

Frustration effects may also be operative 
under conditions of partial reinforcement, 
where the same response may, depending 
upon the schedule, terminate either m rein- 
forcement or nonremforcement Several stud- 
ies have used a lever-pulling task to investi- 
gate this problem At the onset of a signal S 
is required to pull a lever through its full 
excursion to terminate the signal or to receive 
a marble reward Two measures of lesponse, 
starting and movement speeds, are commonly 
used, but since starting speed has proved 
to be less productive m most studies, only 
results obtained with movement speed will 
be discussed 

Burning (1964) and Ryan and Moffitt 
(1966) have found that movement speeds 
were faster with 50% than with 100% rein- 
forcement Incentive level was also varied m 
these studies, but only in the Ryan and Mof- 
fitt study were significant incentive effects 
obtained — and these were m the direction 
opposite from that predicted Groups working 
for incentives of low value increased their 
speeds, and the high-incentive groups showed 


little change aftei an early, low asymptotic 
level of response This inversion may be 
readily explamed by the fact that all Ss were 
aware of the two incentives, a piece of string 
and a toy It is not unlikely that woikrng for 
a piece of string became increasingly frustrat- 
ing when the Ss knew that other children 
weie being rewarded with a toy 

A more elaborate study by Ryan (1966) 
included six schedules of lemforcement Pie- 
school children had faster movement speeds 
with paitial than with consistent reinfoi ce- 
ment There was an orderly increase in the 
speeds as the peicentage of reinforcement 
decreased between 100, 83, 66, and 50%, 
but the speeds decreased somewhat as the 
percentage of reinforcement decreased fiom 
50 to 33 and 17% These findings suggest an 
inverted U-shaped relation between asympto- 
tic lesponse speed and leward schedule A 
subsequent study by Ryan and Vooihoeve 
(1966) replicated this effect Response 
speeds of 5-year-olds increased as the per- 
centage of lemforcement foi lever-pulling 
decreased from 100 to 70 and 50%, but de- 
creased again as the peicentage of reinforce- 
ment dropped to 30 and 10% The facilitation 
of response with partial lemfoi cement thus 
begins to be lessened as the likelihood of 
nonreinf oi cement exceeds that of lemforce- 
ment 

Two-levei tasks have also been used Here, 
variation m percentage of reinfoi cement fol- 
lowed movement of the fiist lever, with 
movement of the second lever resulting m 
consistent reinforcement Penney (1960) 
found that the movement speeds on a second 
lever weie faster following nonremforcement 
than following reinforcement on the first 
levei Ryan (1965) replicated this effect m 
between-group comparisons wheie one group 
leceived 50% reinforcement on the first lever 
and the second group leceived 100% The Ss 
woiked either for a preferred or a nonpre- 
ferred incentive, but incentive level had no 
significant effect on movement speeds 

All of the piecedmg studies used tangible 
remforcers Ryan and Watson (1966) asked 
whether the same effects would be found 
with verbal reinforcement When lever-pull- 
ing terminated m a supportive statement 
from the experimenter 33% of the time, 
movement speed increased as training pro- 
gressed, but the speed changed only slightly 
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when Ss were given 100% reinforcement 
The effects, then, were not limited to the 
use of tangible reinforcement 

The conclusions from these studies are 
consistent partial reinforcement results in 
faster responding than does continuous rein- 
forcement, but incentive is not an effective 
variable m itself m influencing rate of re- 
sponse The studies provide supportive evi- 
dence for a frustration or drive theory, but, 
as several of the investigators pointed out, the 
results may also be predicted from an associa- 
tional framework if it is assumed that the Ss 
may have learned from everyday experience 
that they should try harder m the face of 
low success When there is only partial suc- 
cess in the lever-pulling task, the Ss may ap- 
ply this dictum and increase their efforts m 
the only available way by pulling the lever 
faster 

Finally, there are the studies on anxiety 
Anxiety is assumed by some theorists to act 
as an h relevant drive, energizing all existing 
habits In the lever-pulling task, which in- 
volves a well-learned response, highly anx- 
ious children should have fastei response 
speeds than children with lower levels of anx- 
iety Penney and McCann (1962) tested 
groups of third and fourth graders who re- 
ceived high and low scores on an anxiety 
questionnaire An escape conditioning proce- 
dure was used, where movement of the lever 
terminated a loud, unpleasant tone The high 
anxious Ss had faster response speeds than 
low anxious Ss If anxiety is an enduring char- 
acteristic of the individual, prior adaptation 
to a noxious stimulus should have less effect 
in altering the total drive level of high anxious 
than of low anxious Ss To test this possibility, 
Penney and Kirwm (1965) exposed half of 
their high and low anxious fourth and fifth 
graders to a series of trials with an intense 
tone The Ss then were tested m the lever-pull- 
mg task, where response terminated the previ- 
ously experienced tone There was no signifi- 
cant difference m the response times of 
adapted and nonadapted high anxious Ss, but 
adapted low anxious Ss had significantly 
slower response times than their nonadapted 
counterparts Thus adaptation appeared to 
have reduced the total motivational level of the 
low anxious but not of the high anxious Ss 

The general conclusion from these studies 
is straightforward When response involves a 


well-learned habit such as lever-pullmg, an 
increase in drive results m moie efficient 
response The effects appear to be similar 
whether drive level is increased by introducing 
frustration, by using a high level of incentive, 
or by selectmg anxious children as Ss As will 
be seen m later sections, these vanables have 
a disruptive rather than a facilitative effect on 
performance when the correct response is ini- 
tially weak m strength or when it is subject 
to interference from incorrect responses of 
higher strength 

Delay of Reward 

A delay m the delivery of a reward in 
the conditioning of an instrumental response 
should, according to an associational interpre- 
tation, result in slower rates of response Ac- 
cording to this position, a delay mci eases the 
possibility that competing responses that are 
incompatible with the instrumental response 
will be conditioned Further, the degree of 
interference should be a function of the sim- 
llanty between the cues piesent during the 
delay penod and those that elicit the instru- 
mental response Maximal similarity would 
occur if the stimulus situation did not change 
between the time of the onset of the cue and 
the delivery of the reward 

Rieber (1961a) tested these predictions 
with kindergarten children in a lever-pullmg 
task The excursion of the lever terminated an 
either immediate or a 12-second delay in re- 
inforcement In the delayed reinforcement 
groups the initiating signal (a light) remained 
visible during the delay period for half of the 
Ss and terminated with S s' response for the 
other half In line with the piedictions, start- 
ing speed (i e , the time between onset of 
signal and beginning of response) was fastest 
with immediate reinforcement and slowest 
when the signal remained on during the delay 
interval Movement speeds revealed no differ- 
ence between immediate and delayed rein- 
forcement with immediate offset of the signal, 
but the speeds were slower when the signal 
remained on during the delay interval It there- 
fore appears that competing responses, pre- 
sumably conditioned to the signal, had a greater 
differential effect on starting than on move- 
ment speeds A more elaborate study by Rab- 
mowitz (1966) confirmed Riebers findings 
and added the information that the imme- 
diate delivery of tangible reinforcement in- 
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creased movement speeds over those found 
when such reinforcement was absent, that de- 
lay of signal offset affected movement speeds, 
and that delay of delivery of the remforcer 
affected starting speeds 

An additional study (Rieber, 1961b) in- 
cluded four groups of 6-year-olds who re- 
ceived either immediate or delayed reinforce- 
ment through 30 trials or were switched at trial 
16 from one to the other condition Starting 
speed proved to be the more sensitive measure 
Immediate reinforcement resulted m faster 
speeds than delayed reinforcement when the 
conditions remained the same for all trials 
Persisting effects of delayed reinforcement 
were evident m the second half of the trials, 
for among Ss who were switched to immedi- 
ate reinforcement, starting speeds were slower 
than they weie for Ss who received immediate 
reinforcement on all trials Correspondingly, 
Ss who were switched from immediate to de- 
layed reinforcement showed a marked de- 
crease in then speeds during the second half 
of the trials 

A study by Rieber and Johnson (1964) at- 
tempted to determine whether childien could 
learn to anticipate reward conditions and vary 
their responses accordingly The task involved 
alternating trials of immediate and delayed 
reinf oi cement Additional cues (lights) were 
provided to signal the type of trial that would 
occur In contrast to the previous results, re- 
sponse speeds were faster on the tiials with 
delayed reinforcement than they were on the 
immediately reinforced trials, and the effect 
appeared with delays of 4, 8, and 16 seconds 
Response speeds of all three gioups were 
slower, however, than they were for a group 
of Ss that received consistent immediate re- 
inforcement Although the writers postulated 
that anticipation would be reflected in faster 
responding on immediately reinforced trials, 
the reverse argument can be made The Ss 
may have learned to anticipate delayed rein- 
forcement, and since anticipation of delay 
was frustrating, the speed of response in- 
creased In this type of design, however, it 
is impossible to determine whether the differ- 
ences are due to the residual effects of what 
occuned on the piecedmg trial or to the con- 
ditions prevailing on a particular trial 

Two other studies of the effects of delay on 
instrumental conditioning have been reported 
Penney (1967) found responsespeeds m lever- 


pulling to escape a loud tone were faster with 
immediate than with delayed reinforcement 
Groups receiving alternating and random 
delayed and immediate reinforcement were in- 
cluded m the study The insertion of immedi- 
ately reinforced trials on an alternating sched- 
ule with delayed reinforcement did not change 
performance from that which occurred when 
all trials involved a delay of reinforcement, but 
somewhat faster speeds of response were found 
when the delay occurred randomly across 
trials Harris (1967) found no difference m 
speeds of response when the delay of rein- 
forcement was constant and when it vaned be- 
tween two values Of greater importance, how- 
ever, was the finding that an enriched surround 
(the presence of a large variety of intei estmg 
toys) did not pioduce significantly lower re- 
sponse times than did a stimulus-poor sur- 
round, even though the opportunities for de- 
veloping competing responses would seemingly 
be greater m the enriched surround 

The results are consistent m indicating a 
disrupting effect of delayed reinforcement on 
speed of response m the instrumental condi- 
tioning of a motor response such as lever-pull 
mg Support for an associational interpretation 
of the effect would appeal to be somewhat 
weakened by Hams' findings, but there is no 
indication that motivational or other interpre- 
tations offer a more powerful means of ex- 
plaining the results 

Stimulus Familiarization 

It has been suggested in the literature that 
the effectiveness of a conditioned stimulus \ 
decreases as the S becomes increasingly fa- 
miliar with it A series of studies has explored ; 
this problem m the instrumental conditioning 1 
of young children by exposing the Ss to the 
CS for a series of trials prior to commencing 
the conditioning procedme Cantor and Can- 
tor (1964) presented a buzzer or a light to 
kindergarten Ss for 40 2-second exposures be- 
fore introducing the Ss to a lever-pulling task 
in which both light and buzzer served as con- 
ditioned stimuli Starting speeds weremarkedly < 
faster for the novel than for the familiar stim-\ 
ulus when the familiar stimulus was a buzzer, 
hut only slight differences were found when 
the familiar stimulus was a light In this, and 
in the subsequent studies, speed of response 
decreased across trials for both types of stimuli 
In a second study (Cantor and Cantor, 
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1965) Ss were given 40 3-second exposures to 
a red or green light The experimental task 
was modified so that Ss were required to press 
a button of a color corresponding to that of 
the light Response speeds were faster for the 
novel than for the famihai stimulus A tnal- 
by-trial analysis indicated that the fastest 
speeds occurred when a novel stimulus fol- 
lowed a familiar stimulus and the slowest 
speeds when a familiar stimulus followed it- 
self The magnitude of the effect thus ap- 
peared to depend on whether or not the pre- 
ceding trial mvolved a familiar stimulus 

The same apparatus and procedure were 
used m a third study (Cantor and Cantor, 

1966) , but the number of familiarization trials 
was varied Kmdergaiten Ss were given either 
5 or 35 exposures to one of the two lights, the 
total number of preliminary tiials was held 
constant by using a third, irrelevant light Al- 
though response times were faster to the novel 
than to the familiar stimuli, 5 exposures were 
as effective as 35 m reducing speed of response 
— a somewhat incongruous finding Another 
effect of novelty appeared in an analysis of 
individual trials response times were fastei i 
when there was a change m the stimulus than | 
when the same stimulus was repeated 

The stimulus familiarization effect obvi- 
ously is replicable, but what is the underlying 
mechanism? Several alternative interpretations 
have been offered, including ( 1 ) a prolonged ' 
attention response is conditioned during the , 
familiarization trials that interferes with rapid 
responding in the motor task, (2) familiari- 
zation trials induce habituation that reduces 
the subsequent effectiveness of the stimulus 
m eliciting attending responses, and (3) nov- 
elty is surprising and may produce an in- 
creased level of drive or heightened orienta- 
tion that facilitates the execution of the motor 
response Studies exploring these hypotheses" 
have not been exhaustive, but at this time 
habituation seems to be the most satisfactory 
explanatory mechanism 

In a study by Witte (1967) the stimulus 
was presented 20 times during the familiari- 
zation trials, but the length of exposure was 
4 5 seconds for half of the Ss and 1 5 seconds 
for the other half Starting speeds of preschool 
Ss m a lever-pulling task were faster to the 
stimulus that had been presented with the 
shorter exposure times, thus giving some sup- 
port to the habituation hypothesis A method- 


ological innovation was introduced by Bogartz 
and Witte (1966) which was relevant to the 
evaluation of the various hypotheses The Ss 
were required to remove their finger from the 
button with stimulus onset during both the 
familiarization and conditioning trials This 
procedure was adopted to decrease the pos- 
sibility that competing responses could be 
conditioned during the familiarization trials 
Agam, however, kindergarten Ss showed fasterl 
response speeds to the novel than to the fa- 
miliarized stimulus, a result that is hard to 
incorporate into a competing-response inter- 
pretation of the familiarization effect Evi- 
dence against a surprise interpretation also 
was obtained The authors noted that in prior 
studies the sequence of trials had been con- 
structed, inadvertently, so that on 75% of the 
trials the stimulus was opposite to that pre- 
sented on the previous trial Such a sequence 
would be likely to produce an alternation pat- 
tern of responding, with faster responding on 
alternation than on repetitive response Sched- 
ules therefore were constructed that involved 
75% alternation-25 % repetition or 75% repe- 
tition-25% alternation of response The Ss m 
the first group responded faster on changed 
than on unchanged trials, whereas Ss m the 
latter groups responded faster on unchanged 
than on changed trials The change effect 
therefore seems to be due to the structure of 
the schedules rather than to novelty Thus 
only the habituation hypothesis appears not 
to have been discredited A habituation hypo- 
thesis has considerable stiength, for it not only 
accounts for an overall drop m response time 
across trials, but it also predicts that the drop 
will be faster for stimuli to which S has been 
exposed m pre-experimental tnals 

Satiation and Deprivation 

Satiation is another process whereby the 
effectiveness of a stimulus may be reduced, y 
but m this case it is the role of the stimulus 
as a remfoicmg agent, rather than as a con- 
ditioned stimulus, that is of special interest A 
numbei of studies have demonstrated that the 
utility of a stimulus in reinforcing an instru- 
mental response may be decreased by satia- 
tion and enhanced by deprivation operations^ 
Two studies by Gewirtz and Baer (1958a, 
1958b) illustrate this process with social rein- 
forcers The experimental task involved drop- 
ping marbles into two holes of a container 
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After establishing a baseline of response, social 
reinforcement (praise) was given on a fixed' 
ratio schedule every fifth time S diopped a 
marble into the hole that had been preferred 
least during the last minute of the baseline 
period Before introducing the experimental 
task, the preschool Ss were subjected to 20 
minutes of social isolation by being left alone 
in an empty room, to 20 minutes of pei iodic 
praise as they performed a simple task, or, in 
the control condition, received no preliminary 
experience The increase m the numbei of re- 
sponses to the nonpreferred hole between 
baseline and experimental periods was great- 
est following isolation and least following sa- 
tiation, indicating that the operations had been 
successful in altering the effectiveness of sup- 
portive statements as social remfoicers 

Similar effects have been reported for vis- 
yal and auditory stimuli Stevenson and Odom 
(1961) found that rate of lever-pressing for 
visual reinforcement increased rapidly follow- 
ing visual deprivation but showed little change 
after visual satiation The two conditions were 
established by leaving 5- to 7-year-old Ss 
alone in an experimental room for 15 minutes 
In the deprivation condition the room was 
empty and dimly lit and m the satiation con- 
dition the room was full of many interesting, 
colorful toys with which Ss could play 

Odom (1964) controlled Ss * stimulus input 
moie adequately by fitting 8- to 10-yeai-olds 
with a space helmet equipped with earphones 
and a visual tunnel attached to the visor of 
the helmet For a 10-minute period the Ss 
either viewed a uniformly dull visual field or 
saw a sequence of colors and heaid eithei 
nothing or a series of varying tones The ex- 
perimental task involved turning a small wheel 
in one direction for presentation of colors and 
the other for presentation of tones The num- 
ber of responses made during 7 experimental 
minutes differed markedly, depending upon 
Ss * earlier experiences The Ss who had 
been satiated for visual stimuli (and deprived 
of auditory stimuli) showed an increase m the 
number of responses that produced auditory 
stimuli, and the Ss who had been satiated for 
auditory stimuli (and deprived of visual stim- 
uli) showed an increase in the number of re- 
sponses that produced visual stimuli The Ss 
who had been satiated or deprived of both 
types of stimuli showed equivalent frequen- 
cies of response m each direction 


Although the effects are not as simple as 
may appear in these sets of studies, there is 
little question that deprivation and satiation 
operations alter the effectiveness of relevant 
stimuli as reinforcers The use of social rein- 
forcement has proved to be especially com- 
plicated, for such factors as sex of S, sex of 
the experimenter, age of S, and chaiactens- 
tics of the expenmenter have been found to 
be important variables m determining the ef- 
fectiveness of supportive statements m modi- 
fying rate and type of instrumental response 
(see Stevenson, 1965) 

Stimulus Generalization 

Stimulus generalization occurs when novel 
stimuli, similar to the training stimulus and 
presented for the first time on test tuals, eli- 
cit the conditioned response Some degiee of* 
stimulus generalization has utility foi the or- 
ganism, but if geneialization is too extensive, 
lesponses will be made to stimuli that aie so 
dissimilar from the ongmally effective stimu- 
lus that the lesponses may turn out to be 
inappropriate From a developmental point of 
view, it might be expected that mature Ss 
will show more restricted gradients of stimu- 
lus generalization than will younger Ss Sev- 
eral studies have found that this is the case 
Medmck and Lehtinen (1957) investigated 
age differences by training Ss to lift their fin- 
gei from a button when a cential light ap- 
peared At the completion of the training 
tuals peripheral lights, ananged on an aic in 
fiont of S, weie intei mixed with leappeai- 
ances of the central light* The stimulus gen- 
eralization gradient, as assessed by frequency 
of response to the peripheral lights, was flat- 
ter with 7- to 9-year-old Ss than with 10- to 
12-year-olds Tempone (1965) found a sim- 
ilar effect when MA rathei than CA was var- 
ied The Ss were all 8-yeai-olds, but had mean 
MAs of 6 6, 8 8, and 10 9 years Decreas- 
ing amounts of stimulus generalization were 
found with increasing MA 

Why younger Ss show bioader generaliza- 
tion gradients is not clear, but one possible 
basis is suggested in a study by Jeffrey and, 
Skager (1962), who assumed that the greater 
generalization by the younger Ss may reflect? 
a lack of interest in the task In the previous 
two studies, the only reinforcement for cor- 
rect response during training was verbal en- 
couragement, an incentive that may be less 
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effective with younger than with older Ss 
Therefore, to heighten motivation a training 
condition was introduced m which Ss re- ! 
ceived a poker chip for correct response, lost 
a chip for incorrect response, and were told 
they later could cash m the chips to see a 
movie The procedure was identical for con- 
trol Ss, except that chips were not given and 
were not required for the movie The propor- 
tion of 6- to 7-year-olds showing generali- 
zation to peripheral lights was significantly 
smaller with the added incentive than with- 
out it, but performance did not differ between 
the two conditions for 9- to 12-year-olds Im- 
portantly, the performance of the younger Ss 
in the experimental group did not differ sig- 1 
nificantly from that of the older Ss Develop- 
mental changes m stimulus generalization may 
therefore be minimized when younger Ss are 
highly motivated to respond correctly 

Numerous variables have been found to in- 
fluence stimulus generalization m a series of 
studies with preschool Ss by Spiker and his 
colleagues All of the studies used lever-press- 
ing as the response and lights varying in hue 
or brightness as the stimuli If the strength of 
the generalized tendency to respond to other 
stimuli is dependent upon the strength of the 
conditioned response, increasing the n um ber 
of training trials should result in a greater 
degiee of stimulus generalization A study by 
Spiker (1956a) supported this hypothesis, for 
the amount of generalization was greater fol- 
lowing 24 than following 12 training trials 
The effect was replicated m a study of the 
effect of stimulus intensity on stimulus gener- 
alization (Spiker, 1956b) The Ss again were 
given 12 to 24 training trials, but half were 
trained with a dim light (2 5 foot-candles) 
and half with a bright light (250 foot-candles) 
This study tested the hypothesis that stimu- 
lus intensity influences motivational level of 
S More intense stimuli are assumed to in- 
crease motivation, which, m a multiplicative 
relation with strength of response, increases 
the strength of the generalized habit The re- 
sults were supportive of the hypothesis, for a 
steeper gradient of stimulus generalization was 
obtained for Ss who had been trained with 
the bnght light, 

In a relevant study, Tempone (1966) vai- 
led the number of training trials with Ss at 
two levels of CA In line with Spiker s rea- 
soning, it was assumed that generalization 


would be increased for younger Ss as the num- 
ber of training trials increased With older Ss, 
however, the opposite effect was predicted 
These Ss presumably respond on the basis of 
some form of mediation As training increases, 
the cues defining the effective stimulus should 
become increasingly redundant, thus increas- 
ing the likelihood that a specific, relevant 
mediating response would be developed which 
would restrict the degree of stimulus general- 
ization Two groups of Ss, 6 J /> to 7 l /i and 
10 to 12 yeais old, were piesented 15, 30, 
or 45 training trials m the spatial generaliza- 
tion task The mean number of responses to 
the generalization lights decreased for older 
Ss and increased for the younger Ss with in- 
creasing amounts of training, thus suppoiting 
the predicted interaction between age and 
number of training trials 

The effects of providing a verbal mediator 
on stimulus generalization by preschool Ss 
was studied by Shepard (1956) After original 
training and a test for stimulus generalization, 
the Ss were provided with a common verbal 
response for the training stimulus and each 
of the test stimuli With this type of training, 
the amount of generalization mcreased on the 
second test Interestingly, however, the in- 
crease occuired for only half of the Ss, the 
other half showed no gieatei generalization 
after they had learned a common mediating 
response than they had in the first test Even 
for the former Ss, the mediator was ineffective 
m raising the level of response for the test 
stimuli to that found for the training stimulus 
Generalization also may be inci eased if Ss 
are trained on multiple rathei than single 
stimuli White and Spiker (1960), assuming 
that training with variable stimuli would en- 
courage Ss to generalize, trained an experi- 
mental group with three stimuli differing m 
hue and brightness and a control group with 
only one of the stimuli Significantly more 
generalized responses were made by the ex- 
perimental group, and youngei Ss (42 to 54 
months) showed more generalization than did 
older Ss (52 to 61 months) A final study 
(White, 1958) investigated the hypothesis that 
a novel stimulus differing from the training 1 
stimulus on only one dimension will elicit ( 
more generalized responses than will a novel i 
stimulus differing on two dimensions The test 
stimuli differed from the training stimuli in 
brightness, hue, or brightness and hue As 
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predicted, the test stimuli with the more vari- 
able attributes elicited fewer generalized re- 
sponses than did the stimuli differing on only 
one dimension 

These studies leave the status of develop- 
mental changes m stimulus generalization un- 
clear They set forth the possibility that the 
broader generalization gradients found with 
younger and duller Ss may be due to motiva- 
tional processes, but the validity of this argu- 
ment cannot be assessed until more data are 
available Studies with young children indi- 
cate that generalization may be increased by 
usmg intense training stimuli, extending the 
number of training trials, usmg multiple stim- 
uli foi training, and by providing a common 
verbal label for the training and test stimuli 
The study by Tempone (1966) is a good ex- 
ample, however, of the desirability of testing 
children at different ages before concluding 
that a vanable will influence generalization m 
a specific manner, for depending on the age 
of S , the vanable may produce quite diffeient 
results 

Extinction 

There is only a small number of studies 
with children on the extinction of instrumen- 
tal responses, in spite of the importance of this 
topic m behavior theory Generally, the ex- 
perimental variables have been selected from 
among those used m studies with lower am- ( 
mals For example, greater resistance to ex- j 
tmction has been found with partial than with ' 
continuous reinforcement (eg, Bijou, 1957, 
Lewis, 1952, Myers, 1960), with increasing 
amounts of training ( Siegel and Foshee, 1953 ) , 
and with greater numbers of incentives (Pum- 
roy and Pumroy, 1961) The results are not 
m uniform agreement, however, for neither a 
partial reinforcement effect nor an incentive 
effect was found by Bruning (1964) when 
speed of response rather than number of re- 
sponses was used to measure extinction, and 
Pumroy and Pumroy (1961) reported faster 
extinction with partial than with continuous 
reinforcement The results of several large pa- 
rametric studies may serve to resolve some of 
these discrepancies 

Kass (1962) used six percentages of re- 
inforcement (0, 16%, 33%, 60, 80, and 
100%) and Ss at four age levels (4, 6, 8, and 
10 years) m a study with a simulated slot 
machine The Ss were shown how to use the 


machine, given 30 trials in which they could 
win pennies to purchase a pnze, and then 
placed on extmction The extinction trials con- 
tinued until the Ss wanted to stop or until they 
had made 370 responses Four-year-olds made 
a significantly smaller number of responses 
dunng the extinction trials than the three older 
groups, and, for all groups, the number of 
responses decreased significantly as the per- 
centage of reinforcement received during 
training mcreased Nearly as many responses 
were made by the 0% reinforcement group 
as by the group that had received 16%% 
reinforcement, thus the mverted U-shaped 
function between number of responses and per- 
centage of reinforcement reported by Lewis 
(1952) was not found The percentage of 
remforcement received dunng training had 
equivalent effects at the four age levels 
A second study (Kass and Wilson, 1966) 
used the same general procedure, but the cen- 
tral vanable was the number of training trials 
Six- and 7-year-old Ss were given 3, 9, 21, 
45, or 60 training tnals with 33% or 100% 
remforcement Responses made during extmc- 
tion decreased significantly as the number of 
training trials mcreased and were uniformly 
higher following partial than following con- 
tinuous reinforcement An indication of the 
degree to which children persisted in this 
task is seen m the fact that after only three 
trials with partial remforcement, an average 
of nearly 240 responses were made dunng ex- 
tinction The results were interpreted as pro- 
viding support for a discrimination hypothesis 
of extmction, which states that extmction will 
be facilitated by the introduction of variables 
that increase the distinction between acquisi- 
tion and extmction periods Accordingly, it 
should be more difficult for Ss to discern that 
there has been a change in the schedule of 
remforcement with partial than with continu- 
ous remforcement and when only a restricted 
number of training tnals has been presented 

Secondary Reinforcement 
A closely related topic — its effects typically 
are assessed dunng extinction tnals — is sec- 
ondary remforcement, Secondary remforce- 
ment is assumed to occur when a stimulus, j 
through its association with a remforcer, ac- J 
quires the capacity to influence behavior in a 
manner similar to that of the original rem- 
forcer The concept is used to explain the ap- 
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parent strengthening of responses by what 
seem to be neutral stimuli, but a review of the 
experimental findings leaves the impression 
that it is an elusive process that is not readily 
demonstrated with human Ss In fact, Longs- 
treth (1966, p 26), after reviewing the liter- 
ature, concluded that "it becomes reasonable 
to argue that the phenomenon has not yet 
been clearly demonstrated with human Ss” 
and cites methodological and interpretive 
problems m many of the studies that seem 
to have yielded evidence for its occurrence 
Longs tieth’s mam criticisms are (1) there is 
a lack of evidence that groups receiving pri- 
mary reinforcement behaved diffeiently from 
those that did not, thus calling into question 
the basis for the conditioning of secondary 
reinforcers, and (2) the task may be con- 
structed so that the sequence of responses 
leading to primary reinforcement serves to 
elicit the response on the subsequent trial 
rather than strengthen the piecedmg response 
In view of the confused status of the concept, 
perhaps the most expeditious approach to re- 
viewing the studies is to indicate the studies 
m which the effect has and has not been found 

A study by Sidowski, Kass, and Wilson 
(1965) illustrates some of the complexities 
Their goals were to separate the potential cue 
and reinfoicmg functions of the neutral stim- 
ulus The stimulus, a light, appeared (1) be- 
fore and during lesponse, (2) with the de- 
livery of the primary reinforcei, a penny, oi 
(3) during both the time of response and the 
delivery of the penny The greatest number of 
responses occurred during extinction when the 
light was directly associated with primary re- 
inforcement and the fewest, when the light 
served as a cue for response The presenta- 
tion of the light during both response and 
delivery of reinforcement resulted in an in- 
termediate numbei of responses The overall 
analysis of the data did not reveal a significant 
difference m the number of responses made 
when the light was present and when it was 
absent dui mg the extinction trials, although 
a median split on number of responses indi- 
cated a greater number of Ss above the me- 
dian when the light was present dm mg the 
extinction trials 

The Myers (Myers and Myers, 1965) have 
published a large number of studies on sec- 
ondary reinforcement and have been particu- 
larly interested m testing a discrimination 


hypothesis of secondary reinforcement This 
hypothesis predicts that the stiength of a re- 
sponse when primary remforcement is absent 
is a function of the degree of similarity be- 
tween the patterns of stimulation occurring in 
conditioning and m the test trials Fiom their 
studies, many of which are extremely elabor- 
ate, they have concluded that "the discrimin- 
ation hypothesis accounts for data resulting 
from a choice between two responses, only 
one of which produces a secondary reinforcei 
Under other test conditions, the method of 
conditioning is not relevant and secondary re- 
mforcement is strongest when its percentage 
of occunence is greatest” (p 101) These 
studies received the brunt of Longstreth’s 
(1966) criticisms 

The elusive nature of the secondary rem- 
forcement effect is evident m a study by Kass, 
Beardshall, and Wilson (1966) where the 
apparatus and geneial proceduie of the 
Sidowski, Kass, and Wilson (1965) study 
were used A secondary leinfoi cement effect 
was not obtained Seven- and eight-year-olds 
were tested with the simulated slot machine 
and either half or all of their responses were 
reinforced with a penny foi 24 trials A light 
was paired with the dehveiy of the penny 
for half of the Ss in each condition, and foi 
the other half the light was absent During 
the extinction trials a light appeared for half 
of the Ss and foi the other half it did not 
Only the peicentage of remforcement re- 
ceived dui mg tiainmg exerted a significant 
effect on the number of responses made dur- 
ing extinction, the number was higher follow- 
ing 50% than following 100% lemforcement 
Kass and Wilson (1966) repoited a second 
nonconfirmatory study Although number of 
training trials and peicentage of reinforce- 
ment, the major variables investigated, sig- 
nificantly influenced performance, theie was 
no indication that pairing a light with the 
delivery of the primary remforcer had any 
significant effect on performance 
Longstreth (1966) has argued that what 
may appear at times to be a secondaiy rem- 
forcement effect is actually the result of 
frustration that occuis when a cue is no longer 
followed by remforcement, and he has pre- 
sented several studies to support such an 
mterpietation For example, children were 
tested in a situation in which either a bright 
or a dim light led to reward and the other 
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did not Three stimulus conditions were 
operative during extinction (1) the positive 
cue and the sound that accompanied the 
delivery of the reward, (2) the positive cue 
alone, and (3) the negative cue alone Re- 
sistance to extinction was fastest m the first 
condition, a result opposite from that pre- 
dicted from a secondary reinforcement hy- 
pothesis, but in line with predictions from a 
frustration position 

The final group of studies related to sec- 
ondary remforcement includes those of Nun- 
nally and his associates, who have isolated 
some of the behavioral consequences of pair- 
ing a neutral stimulus with primary reinforce- 
ment The apparatus used in most of these 
studies was a spin-wheel m which a pointer 
stopped on one of two or three nonsense syl- 
lables When the pomter stopped on one, a 
penny was delivered, when it stopped on the 
others, the Ss had to give bask a penny or 
nothing happened In two studies (Nunnally, 
Duchnowski, and Parker, 1965, Nunnally, 
Stevens, and Hall, 1965) the nonsense sylla- 
ble leading to reward latei was descnbed in 
more favorable terms than were the other 
nonsense syllables, it was more often expected 
to be associated with reward m another game, 
and it was looked at longer m a “looking box” 
than were the other nonsense syllables 

A study by Parker and Nunnally (1966) 
replicated these effects and found, in addi- 
tion, that varying the percentage of reward 
m training affected the Ss’ expectancies of 
receiving a reward from an object bearing 
the name of the nonsense syllable but did 
not influence other measures of response 
significantly A final study (Nunnally, Knott, 
and Duchnowski, 1967) varied the amount 
of practice on the original task (5, 15, or 30 
trials) and compared the effects of actually 
obtaining or relinquishing rewards versus 
defining the reward conditions as those that 
would prevail when the Ss played the game 
at a later time Neither variable had a signifi- 
cant effect on performance In this study, 
however, the nonsense syllable that led to 
reward or that was defined as the one that 
would lead to reward was evaluated more 
favorably and was more frequently expected 
to lead to reward m another game than were 
the other nonsense syllables, but perceptual 
responses, such as time spent viewing the 
syllable, eye movements , and pupillary re- 


sponses, were not significantly different for 
the three types of nonsense syllable 

Research on secondary reinforcement is 
more disjointed than is the research in many 
other areas The most dismaying aspect of 
the studies is that, with the same apparatus 
and procedure, the results are sometimes 
positive and more often negative Because 
of the critical importance of the temporal 
relations among the various events involved 
in a study of secondary reinforcement, great 
care and control y/ill be necessary before 
satisfactory statements about the utility of 
the concept can be made 

Behavior Modification 

The discussion thus far has consisted of a 
review of laboratory studies, but the tech- 
niques of instrumental or operant condition- 
ing also have been applied successfully to , 
the treatment of a wide variety of behavior J 
problems m children The success appears to ' 
be attributable not only to the systematic 
control of the outcomes of behavior, but also 
to astute analyses of the effective conditions 
of remf oi cement and to the confidence neces- 
sary to attack some of the most intractable 
types., of behavior 

^A^study by Baer (1962) illustrates how a; 
common form of undesired behavior, thumb- 
sucking, is influenced by the systematic with-' 
drawal of positive reinforcement Two Ss with ; 
a high incidence of thumb-sucking were 1 
shown animated cai toons Whenever one of 
the Ss sucked his thumb the projector was 
turned off, the film continued only when S j 
lemoved his thumb from his mouth Thumb- 
suckmg decreased in this S, but not m the 
second S, run in a yoked fashion with the 
first S but for whom the withdrawal and pres- 
entation of leinf oi cement were not contingent 
upon the thumb-sucking response Lovaas, 
Freitag, Gold, and Kassorla (1965) have, 
shown that withdrawal of reinforcement may 
also be effective in modifying a much more 
severe form of behavior, self-mutilation* 
Adults typically are astonished by such be- 
havior and attempt to intercede by respondmg 
to the child when he commits such acts The 
Lovaas et al study clearly indicates the fre- 
quency of self-mutila£ion can be effectively 
decreased if the adult ignores rather than 
responds to such acts 

Noxious stimuli have also been used with 
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/success Lovaas, Schaeffer, and Simmons 
(1965) associated the presence of an adult 
with the cessation of electric shock Autistic 
children, who previously had displayed mini- 
mal awareness of adults, learned to approach 
and embrace adults through this procedure 
Shock has been used as a last resort and only 
with the most severely disturbed children, 
lehance usually is placed on application of 
positive forms of reinforcement In a typical 
study, Patterson, Jones, Whittier, and Wright 
(1965) attempted to increase a hyperactive 
child's attention to what was gomg on in 
school The child was equipped with a small 
earphone and a buzz m the earphone was 
established as a secondary reinforcer by being 
paired with candy during preliminary train- 
ing The child and the class were told that if 
the child sat still all would receive candy A 
decrease m the fiequency of the child's non- 
attentive responses was noted when a buzz 
was presented following each 10-second in- 
terval m which the child was attentive 
Many other studies of behavior modifica- 
tion with children could be discussed, such 
as those dnected at increasing sociability 
(Allen, Hart, Buell, Harris, and Wolf, 1964), 

, reducing aggression (Biown and Elliott, 
1965), treating enuresis (Ellis, 1963), elimi- 
/natrng phobias (Lazarus, 1960), teaching 
autistic childien to speak (Lovaas, Berbench, 
Perloff, and Schaeffer, 1966), and improving 
/ readmg skills (Staats and Butterfield, 1965) 
Such a discussion would serve primarily to 
illustrate how extensively the techniques have 
been applied The effects of die studies of 
behavior modification on child psychology 
have been healthful, for they offer vivid, 
and sometimes dramatic examples of how 
principles derived from laboratory experimen- 
tation may be applied successfully to the 
solution of practical problems 

DISCRIMINATION LEARNING 

In contrast to studies of conditioning, 
where the approach is often highly empirical, 
interest m the study of children's discrimina- 
tion learning began when child psychologists 
attempted to find out how well Spence's 
'(1936, 1956) treatment of discrimination 
learning could predict the performance of 
children It did not take long to see that the 
child was too complex for the model that had 


been developed to account for the behavior 
of nonverbal organisms This is not surpris- 
ing, for the manifest simplicity of a discrimi- 
nation learning task conceals a bewildering 
array of psychological processes In a typical 
study, all that is asked of the child is that he 
, select the correct stimulus fiom an array of 
two or more stimuli Each time he chooses 
the stimulus deemed to be correct by the 
expeumenter he discovers some prize or 
other indication that he has been correct 
Eventually, if the problem is of an appro- 
pi late level of difficulty, he begins to choose 
the correct stimulus consistently However, 
in presenting the problem to the child, a 
number of implicit assumptions are made It 
is assumed that he is capable of attending to 
the relevant stimuli, of inhibiting attention 
to nrelevant cues, of discriminating the dif- 
ferences among the stimuli, of remembermg 
the stimulus chosen, of being appropriately 
influenced by the consequence of his re- 
sponse, of being motivated to persist in try- 
ing to be correct, and of not elaborating the 
problem so that it becomes more difficult than 
it actually is Thus what is often assumed to 
be one of the simplest forms of learning 
turns out to have many complex aspects 

Characteristics of the Stimuli 

It is obvious that gross differences among 
stimuli will influence the rate of discrimina- 
tion learning But subtle differences among 
stimuli and their physical and temporal re- 
lation to response and reward also have been j 
found to have significant effects Since most 
of the studies have used visual matenals, the 
discussion will center on visual stimuli 

The dimensionality of stimuli may vaiy, that 
is they may be two-dimensional patterns, plan- 
ometnc (depth is minimized) , or stereometric 
(all three dimensions are fully represented) 
The influence of this attribute is clearly 
demonstrated m thiee studies, all with 3-year- 
old Ss, which found large differences m the 
aveiage number of trials required by the 
childien to learn a two-choice size discrimina- 
tion 335 8 (Kuenne, 1946), 54 8 (Alberts 
and Ehrenfreund, 1951), and 13 6 (Steven- 
son and Langford, 1957) Although the ex- 
perimental procedures differed m several 
ways, a critical difference appears to be the 
way m which the stimuli were presented In 
the fust study the stimuli were patterns 
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mounted on the doors of the boxes containing 
the incentives, in the second the incentive 
boxes were equipped with square doors of 
different sizes, and m the third the stimuli 
were blocks which S lifted to reveal the in- 
centive The use of blocks or doors as stimuli 
may have aided m divorcing the stimuli from 
a common background and in increasing the 
number of cues available to the Ss by requir- 
ing them to manipulate the stimuli Steven- 
son and McBee’s (1958) later finding that a 
three-choice size-disci lmmation was learned 
more readily when the stimuli weie stereo- 
metric than when they were planometiic or 
patterns affirms the importance of stimulus 
dimensionality on learning, as does the find- 
ing of Dombush and Wmmck (1966) that 
a squaie and rectangle are discriminated 
more easily when they are represented by 
stereometric as contrasted to planometric ob- 
jects The only conti adictoiy evidence is 
found in a study by Kerpelman (1967) in 
which children learned to discriminate among 
irregular pentagons more rapidly when they 
were planometiic than when they were 
stereometric In such a complex discrimina- 
tion the addition of a third dimension may 
have provided additional cues that confused 
rather than aided the Ss 
Spatial relations between stimulus, re- 
sponse, and reward may exert a significant 
effect on rate of learning Murphy and Miller 
(1959) found that fewer tnals were required 
by 10-year-olds to learn a two-choice dis- 
crimination if the cue and the locus of re- 
sponse and reward were contiguous than if 
they were separated Similar findings were 
obtained m a more elaborate study with pre- 
school Ss by Jeffrey and Cohen (1964) 
Learning was most rapid in a condition wheie 
the stimulus, response, and remfoi cement 
were contiguous (S lifted a block to find the 
reward), and little change in performance 
occurred when all three components were 
separated spatially, or when there was con- 
tiguity of stimulus and reward or lesponse 
and reward with separation of the other com- 
ponent Since a high level of learning oc- 
curred m a group for which the stimulus and 
response were contiguous but the locus of 
reward was separated, it was concluded that 
the most important combination was the con- 
tiguity of stimulus and response The results 
support the notion that Ss often restrict their 


attention to the locus of response, thus if 
the stimulus is near this aiea, differences 
among the stimuli are more likely to be ob- 
served 

Another important influence on rate of 
learning is the procedure by which the stimuli 
are presented Two common piocedures have 
been used m studies of discrimination learn- 
ing the simultaneous discrimination, as pre- 
viously discussed, and the successive dis- 
crimination Two oi more different stimuli 
are presented on each trial m the simultane- 
ous problem, whereas in the successive prob- 
lem only one of the stimuli is presented on 
each trial In the first, S’s task is to learn to 
choose the stimulus that leads to reinforce- 
ment (eg, the black stimulus), in the sec- 
ond, S must learn to make different responses 
to the various stimuli (eg, choose “right” 
when the stimuli are black, "left” when they 
are* white) The simultaneous problem has 
been found to be easier for children m a 
number of studies (Erickson and Lipsitt, 
1960, Horowitz and Armentrout, 1965, Jef- 
frey, 1961, Rieber, 1964, Spiker and Lubker, 
1965), but this is not always the case Al- 
though the simultaneous problem may be 
easier than the successive problem when re- 
sponse is made directly to the stimuli, the 
opposite effect has been found when the 
stimulus and response are spatially separated 
(Lipsitt, 1961) 

It appears that any procedure which in- 
creases the likelihood that Ss will compare 
and contrast the stimuli and thereby isolate 
their distinctive and relevant chaiacieristics 
will result m faster learning Evidence to 
support such a conclusion has been reported 
by Rieber (1966b), who forced Ss to delay 
their response following the simultaneous or 
successive piesentation of stimuli (colored 
lights) When there was stimulus feedback, 
that is, when the stimulus reappeared as S 
responded to it or when all stimuli reappeared 
as S responded, the simultaneous problem 
was easier than the successive problem 
When there was no feedback, the successive 
problem was easier It was assumed that the 
reappearance of the stimuli emphasized their 
relevant characteristics, but without feedback 
the importance of the relevant dimension — 
color— was obscured by the simultaneous 
presentation of stimuli whose ^position also 
differed on different trials 
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A direct test of the possibility that the 
presence of irrelevant dimensions may retard 
learning has been reported by Lubker 
(1967) Three groups of 8- to 10-year-olds 
were presented a two-choice simultaneous dis- 
crimination problem m which the relevant 
dimension was form Blocks varying in form, 
brightness, and size were used for all groups 
of Ss, and the blocks were combined m 
different fashions to constitute three series 
of pairs of blocks which differed m the num- 
ber of irrelevant dimensions presented For 
one group, each pair of stimuli differed only 
m form, in a second, they also differed m 
brightness, and in a third, they differed m 
form, brightness, and size Significantly slower 
learning occurred when either one or two 
irrelevant dimensions weie present The same 
result was found m a very similar study by 
Osier and Kofsky (1965) with 4-, 6-, and 
8-year-olds in a discrimination task involv- 
ing stimuli that varied in form, size, and 
color Developmental changes were found 
in the children's tendencies to respond to 
the irrelevant cues When the sequences of Ss ’ 
responses were analyzed, it was found that 
the two youngest groups lesponded more 
frequently to the irrelevant dimensions and 
to position cues than did the 8-year-olds 

The degree to which learning is retarded 
by the presence of irrelevant information is 
one index of how information may be used 
by children in guiding their response An- 
other index is the degree to which learning 
is facilitated when the superfluous informa- 
tion is redundant rather than irrelevant 
Eimas (1965) gave kindergarten children 
a series of two -trial problems m which the 
cues varied m a systematic manner between 
the first and second trials Performance im- 
proved m an orderly manner on trial 2 as 
the number of redundant cues increased 
Even though the second pioblem could be 
responded to correctly on the basis of dif- 
ferences m one of the components, learning 
was more efficient when compound cues weie 
available 

The remarkable degree to which children 
scan stimuli in their efforts to solve problems 
is seen m a study by White (1965) m which 
the cues were ever-changmg For example, 
if on a particular trial one of the two stimuli 
included a small square superimposed on a 
large square, only the small square along with 


two vertical lines functioned as this stimulus 
on the subsequent tnal When the child re- 
sponded correctly on this trial, the stimulus 
was transformed into one vertical lme with a 
second line attached to a circle on the next 
trial, and so on through multiple changes, 
with each new stimulus retaining only a 
portion of the attributes of its immediate piede- 
cessor Ten- and eleven-yeai-olds were capable 
of backing such vanations when they oc- 
curred for the positive stimulus, and although 
the Ss seemingly paid little attention to such 
changes m the negative stimulus, three- 
fourths of the Ss subsequently were capable 
of learning a problem m which changes were 
made m both the positive and negative stim- 
uli A less complex, i elated design was used 
by Walk and Saltz ( 1965) , in which the num- 
ber of positive and negative cues differed 
Eight- and 9-yeai-oIds performed better 
when there was a single positive than when 
there was a single negative cue, again indi- 
cating a greater tendency for children to 
be influenced by variations m the positive 
cue 

From this discussion we might deduce 
that children utilize all aspects of the stimu- 
lus situation with equal effectiveness m learn- 
ing a discrimination problem That they do 
not is illustrated m a series of studies m which 
the relevant cue coincides with oi is. dis- 
cordant with the child’s preferences. For 
example, after the fourth year children gener- 
ally prefer form over color, even though be- 
low that age they tend to piefer color over 
form as a means of classifying stimuli (Such- 
man and Trabasso, 1966a) Suchman and 
Trabasso (1966b) have demonstrated with 
10-year-olds that children who, m pretesting, 
showed a preference for form over color 
later learned to sort cards faster by form than 
by color, with the opposite effect occurring 
for childien who preferred color over form 
Smiley and Weir (1966) and Mumbauer and 
Odom (1967) have demonstrated similar 
effects in studies of color and form discrimi- 
nation with kmdergaiten and preschool Ss 
In a related experiment, Wolff ( 1966) found 
that some 7-year-old children preferred height 
and some preferred brightness as a means of 
classifying stimuli When the children later 
were presented a two-choice discrimination 
utilizing stimuli that differed both m height 
and brightness, those who had preferred 
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brightness learned a brightness discrimination 
more rapidly than a form discrimination and 
those who had preferred form learned the 
form discrimination more rapidly Shepp 
(1963) found another example of how the 
choice of stimuli may affect learning in a 
study where pieces of candy were used both 
as discriminative stimuli and as reinforcers 
More rapid learning occurred when the re- 
ward was candy of the same form and color 
as the positive cue than when it was dissimi- 
lar to both the positive and negative cues, 
or when it was identical to the negative cue 
Thus the tendency to select a stimulus was 
greater when it was identical to the one func- 
tioning as the remforcer 
These studies of stimulus factors indicate 
that children's performance cannot be sub- 
sumed under a theory such as Spence's, which 
conceptualizes discrimination learning as the 
result of incremental changes m the strength 
of approach and avoidance tendencies oc- 
curring as a consequence of reinforcement 
and nonremf 01 cement Stimuli appeal to func- 
tion as sources of information for children, 1 
rather than as cues that elicit differential) 
tendencies to respond Seemingly small 
changes in the stimuli and the manner in 
which they are presented may produce strik- 
ing differences m the rate of learning, and, 
on the other hand, radical changes m the 
stimuli do not necessarily mean that the 
child will fail to find relevant characteristics 
m the stimuli that provide a basis for conect 
response Furthermore, the lesults of studies 
in which data from individual children are 
considered or m which the course of learning 
is plotted “backwards” from the point at 
which criterion is met indicate that discrimina- 
tion learning may not be a giadual process In 
either of these cases, evidence has been found 
for an initial plateau in which little improve- 
ment m performance takes place, followed by 
a period of rapid acceleration in the frequency 
of conect response (Rieber, 1966a, White and 
Plum, 1964, Zeaman and House, 1963). Such 
curves have been interpreted as indicating 
that two stages are involved m discrimina- 
tion learning an early phase m which s\ 
learns to attend to and discriminate among < 
the stimuli, and a second, rapid phase m ' 
which the correct response is attached to 
the positive stimulus. 1 

An important question that is not con- 


sidered by such two-stage models is how S 
discriminates among the stimuli Is it a re- 
sult of learning the distinctive features of 
the objects that are to be discriminated, or 
is it a result of matching sensory data to 
schema of objects that have been built up 
and refined through experience? 

Pick (1965), studying reactions of Ss to 
six letterlike forms and their transformations, 
found that the detection of distinctive fea- 
tures may be the necessary and sufficient con- 
dition for improvement m discrimination 
when simultaneous comparison of objects is 
required Pick, Pick, and Thomas (1966), 
employing essentially the same design and 
similar stimuli in a study of cross-modal 
transfer, obtained results supporting Pick's 
earlier observations These studies are dis- 
cussed m detail in Chapter 13 of this book 

What appears to emerge is a three- rather 
than two-process model of discrimination 
learning the child must learn to attend to the 
stimuli, isolate the distinctive features that 
differentiate the stimuli, and attach the ap- 
propriate response to the stimulus leadmg 
to reward The studies reviewed have been 
concerned primarily with the first two proc- 
esses and indicate that the characteristics of 
the stimuli may facilitate such learning when 
the situation involves few - irrelevant cues, 
the cues are redundant, the stimuli are pre- 
sented near the locus of response, the mode 
of presentation provides an opportunity for 
contrasting the stimuli, and when the rein- 
forced cue is in accord with the child's 
preferences 

Stimulus Pretraming 

Other explorations of the influence of stim- 
ulus factors on discrimination learning have 
been concerned with the degree to which 1 
stimulus pretraming Influences subsequent i 
discrimination learning These studies have 4 
been directed at assessing the utility of vari- 
ous theoretical analyses of discrimination 
learning The two interpretations of the ef- 
fects of stimulus pretraming on later learn- 
ing that have received the greatest attention 
are those dealing with the development of 
observing responses and with the acquued 
distinctiveness of cues The first postulates 
that learning may be facilitated if S learns 
to make observing responses “which, when 
made to one or the other of a given pair of 
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stimulus complexes which are different, con- 
sistently results in distinctive stimulation from 
those two complexes” (Kurtz, 1955, p 290) 
According to this view, pretrammg may aid 
later learning by directing S’s attention to 
the propei ties or dimensions of the stimuli 
that subsequently provide the cue for dif- 
ferential response 

The hypothesis of acquired distinctiveness 
of cues has been offered as a mechanism for 
accounting for the more rapid learning that 
occurs when Ss, in pietraining, have attached 
distinctive verbal or motor responses to the 
discriminative stimuli It is assumed that the 
1 distinctive responses i educe stimulus generali- 
zation by making the total stimulus complex 
associated with each cue more distinctive 
The stimulus complex is viewed as consisting 
of the external stimulus and the stimuli pro- 
duced by the distinctive verbal or motoi re- 
sponses A complementary hypothesis dealing 
with the acquired equivalence of cues is ap- 
plied when a common verbal or motor re- 
sponse is attached to the disci mnnative 
stimuli during pretiaining In this case, stimu- 
lus generalization is assumed to be increased 
and the efficiency of learning impaired by the 
presence of an element common to all of the 
discriminative stimuli 

A third hypothesis was proposed by Spiker 
(1956), who suggested that verbal responses 
attached to the discriminative stimuli during 
pretrain mg may facilitate later learning by 
making it easier for the S to rehearse the cor- 
rect associations during the mtertnal intervals 
Although various forms of preliminary experi- 
ence with the discriminative stimuli have 
been found to aid later learning, it has not 
been possible to design studies that offer ex- 
clusive support for a particular hypothesis 
(For a detailed review of these studies, see 
Cantor, 1965 ) 

A typical experiment is that of Norcross 
and Spiker (1957) in which preschool chil- 
dren were pretrained with pictures of faces 
One group learned distinctive names for pic- 
tures of two female faces, a second group 
learned distinctive names for pictures of two 
male faces, and the third had to lespond to 
the female faces by saying “same” or “dif- 
ferent,” depending upon whether or not the 
faces were identical, Following pretrammg 
the Ss were presented a two-choice discri- 
mination task in which the female faces 


were the discriminative stimuli The first 
group performed significantly better on the 
discrimination task than the second or third 
groups, but the latter groups did not differ 
significantly m incidence of correct response 
The possession of verbal labels thus en- 
hanced performance on the discrimination 
task, but learning to orient to the distinctive 
features of the discriminative stimuli did not 
result in more efficient performance than did 
pretrammg with a different set of stimuli 
Several of the difficulties that arise in re- 
search on stimulus pretrammg are evident 
in this study The Ss had more difficulty m 
learning to associate names with the female 
faces than m determining whether or not the 
pan was identical, thus the amount of pre- 
traimng experience with the stimuli differed 
for the fiist and third gioup Second, it is 
questionable whether learning names for the 
pair of male faces constituted irrelevant pre- 
trainmg, for the discovery of the bases of the 
differences between these faces involved 
comparison of the same facial features as was 
required later m the discrimination learning 
task It is theiefore impossible to determine 
whether or not a particular theoretical posi- 
tion was supported by the results of this 
study In addition, the lack of a control 
group receiving no pietrammg makes it im- 
possible to ascertain whether the results re- 
flected facilitation m the peiformance of the 
fiist group or mterfeience m the perfoim- 
ance of the last two groups 
Two additional problems encounteied m 
studies of stimulus pretrammg weie avoided 
m a design used by Norcross (1958) to study 
the effects of similarity of previously ac- 
quired stimulus names on discrimination 
learning A within-Ss design controlled for 
nonspecific transfer resulting from the effects 
of warm-up and learnmg-to-leam If some Ss 
are required to learn names of the stimuli 
during pretrammg and others are not, later 
differences in disci immation learning may be 
a result of the Ss’ pnor learning experience m 
the expenmental setting In Noi cross’ study, 
each S learned distinctive names to one pan 
of stimuli and similai names to a second pair 
during pietrammg As would be predicted 
from the hypothesis of acquired distinctive- 
ness of cues, a higher level of performance 
was found for the pair of stimuli with distinc- 
tive names m the subsequent discrimination 
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learning task involving both pairs of stimuli 
Reese (1960) extended Norcross* study to 
include different amounts of pretraining In a 
carefully counterbalanced design, Ss were 
given no pretrammg on one pair of stimuli, 
moderate pretrammg on a second, and ex- 
tended pretrammg on a third Although level 
of pretrammg had no geneially significant 
effects on discrimination learning, the pair of 
stimuli with distinctive names elicited better 
performance than did the pair not presented 
dui mg the pretrammg trials For names of 
intermediate similarity, a high level of pre- 
trammg produced better performance than no 
pretrammg No facilitation was found with 
either level of pretrammg when the names 
were extremely similar Thus whether or not 
distinctive names facilitated learning de- 
pended on how well the names had been 
learned A second study by Reese (1961a) 
also revealed no significant differences in ease 
of leammg following different degiees of 
pretrammg Only m the early phases of test 
performance did the presence or absence of 
prior experience with the test stimuli influ- 
ence the children s choices 
A somewhat different approach to evaluat- 
ing the effects of stimulus pretrammg was 
taken by White (1961), who assumed that 
pretraimng with varied stimuli, each con- 
sistently yielding reward, would mduce Ss to 
minimize or overlook stimulus differences m 
a later discrimination learning task Pieschool 
children were given 24 trials with ( 1 ) one of 
the discriminative stimuli, (2) a stimulus that 
was not used m the disci imination task, or 
(3) three different stimuli, one of which was 
mcluded m the discrimination task Other Ss 
were given eight trials with one of the dis- 
criminative stimuli or were given no pretram- 
mg (The discriminative stimulus used m pre- 
training was always the stimulus that led to 
remforcement m the discrimination learning 
task ) The facilitating effects of warm-up 
were reflected m the fact that any form of 
pretrammg resulted m more efficient learning 
than did no pretrammg Earlier experience 
with varied stimuli led to poorer perform- 
ance than did experience with the discrimi- 
native stimulus, but the number of the pre- 
trammg trials was not a significant vanable m 
influencing performance The conclusion that 
pretrammg with vaned stimuli had a detrimen- 
tal effect on later performance is marred; how- 


ever, by the fact that the performance of Ss 
pretramed with the irrelevant stimulus differed 
significantly only from that of the Ss given no 
pretrammg 

A final set of three studies indicates that 
stimulus pretrammg may or may not be 
helpful, depending upon the consequences of 
the responses made during the pretrammg 
penod Spiker (1959) presented preschool Ss f ^» 
with a two-part discrimination learning task 
One group was given 24 preliminary trials 
m which a bright light was the positive cue 
and a dim light was the negative cue, fol- 
lowed by 24 trials m which a medium- 
bright light was substituted for the cbm light 
The study was undertaken to test the hy- 
pothesis that the use of highly similar stimuli 
during the preliminary phase would letard 
the development of appiopriate orienting re- 
sponses Jhe fact that the first group per- 
formed at a higher level during the teimmal 
24 trials than did the second group supports 
such a hypothesis, but another plausible ex- 
planation of the results is that the difficult 
task was frustrating and that frustration- 
produced responses disrupted subsequent per- 
formance 

Possible frustrating effects of pretiammg 
also were found by Stevenson and Pirojmkoff 
(1958), who gave preschool Ss pretrammg 
trials with all three of the forms that were 
later used m a discrimination learning task 
One group of Ss received 100% reinforce- 
ment, that is, all choices made during pre- 
trammg were remforced Another group re- 
ceived 50% nondifferential remforcement, 
and a third group received 0% remforce- 
ment A fourth group received no pretrammg 
The results differ from those found by White 
(1961) where pretrammg was given with 
only one of the discriminative stimuli, for the 
100% gioup and the control group showed 
equivalent rates of leammg Both groups 
learned more effectively, however, than did 
the 50% and 0% groups The effects of 
frustration were evident in the performance 
of the last two groups, thus either inconsistent 
or no remforcement during stimulus pretram- 
mg may produce effects that interfere with 
later leammg Such a possibility was sup- 
ported m a study by Steigman and Steven- 
son (1960) , where the pretrammg was given 
with stimuli different from those used m the 
discrimination leammg task, A low level of 
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reinforcement during pretraining resulted in 
significantly poorer performance on a dis- 
crimination learning task than did high levels 
of reinforcement during pretraining 

The conclusions that can be derived from 
these studies are of relatively low order It 
has been extraordinarily difficult to establish 
control groups that make it possible to in- 
terpret the results as providing definitive 
support for a particular hypothesis Whatever 
the mechanism, there seems to be little dis- 
agieement that later discrimination learning 
is facilitated if the S learns distinctive names 
, for the stimuli during pretraining and that 
i such variables as the relative distinctiveness of 
the names and the amount of pretrainmg 
significantly affect the degree of facilitation 
that will occur Further, any pretrainmg that 
' increases the likelihood that the Ss will dis- 
cover the distinctive features of the stimuli 
appears to facilitate later learning Prior famil- 
iarization with the discriminative stimuli is not 
in itself sufficient to produce facilitation, for 
the effects of such familiarization depend upon 
f such conditions as the reinforcement provided 
, during pretrainmg and the other types of stim- 
uli that are presented 

Reinforcement and Incentive Effects 

Implicit in the design of any study of dis- 
crimination learning is the fact that response 
to only one member of the set of stimuli will 
be designated as correct The experimenter 
must then decide how the child will be in- 
formed of the appropriateness of his response 
A review by Bijou and Sturges (1959) of 
the types of stimulus and event that have 
been used as positive reinforcers indicates 
that information about the correctness of re- 
sponse has been imparted in a variety of 
ways, and in many studies the incentive con- 
ditions selected by the experimenter have 
been found to play a significant role m de- 
termining the course of children's perform- 
ance 

Children m many ways are uncharitable Ss, 
for they often fail to behave m the manner 
predicted by learning theories or, m some 
cases, even by common sense The vagaries 
of their behavior are strikingly evident m 
some of the studies of reinforcement effects 
on discrimination learning A good example 
is the study by Miller and Estes (1961) in 
which 9-year-old boys received either a 


signal light, 1 cent, or 50 cents for each 
correct response m a two-choice discrimina- 
tion task The last two groups also had to 
forfeit the same amounts for each error Not 
only did the Ss given a monetary reward 
perform significantly more poorly than the 
control group, but the group receiving 50 
cents for correct response performed no 
better than the group receiving only 1 cent 
How can such a finding be interpreted? First, 
elementary school children enter most experi- 
mental situations with a high level of motiva- 
tion to perform well Although they may 
have some trepidation about the strange 
situation, and indeed older children often 
appear to be very anxious about how well 
they will perform, such concerns usually are 
dispelled by the benign characteristics of most 
learning tasks Thus, m contrast to what oc- 
curs when lower animals are used as Ss, the 
experimenter is faced with an eager and ex- 
pectant S whose behavior is not easily con- 
trolled by physical souices of reinforcement 
It is sometimes the case, and this appears to 
have occurred m the Miller and Estes study, 
that physical reinforcement is distracting 
and results m the S s dividing his attention 
between the accumulated rewards and the 
discriminative stimuli 

The Miller and Estes results have been 
substantiated m other studies, such as one 
by Terrell, Durkin, and Wiesley (1959), m 
which middle-class Ss learned a two-choice 
size discrimination more rapidly when a cor- 
rect response was followed by a light than 
when it was followed by the light and a piece 
of candy However, the performance of 
lower-class Ss included m the study places 
an important restriction on the results ob- 
tained with middle-class Ss, for the lower- 
class Ss performed more effectively when they 
were remforced with candy than when they 
merely received a signal for correct response 
It was assumed m designing this study that 
middle- and lower-class children differ m 
the degree to which they have learned to 
value nonmatenal incentives, and the sig- 
nificant interaction between social class and 
incentive effects supports such an assump- 
tion 

Subtle differences m incentive conditions 
may change the outcome of a study Terrell 
(1958), for example, found no significant 
difference in performance among Ss whose 
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correct responses were reinforced by a signal 
light, a piece of candy, or by allowing Ss to 
transfer a bean from one jar to another with 
the expectation that they could trade the 
beans for a bag of candy when they had 
enough of them The signal light also fol- 
lowed correct response for the last two 
groups A fourth group of Ss, who simply 
were promised a bag of candy after they had 
made the light go on enough times, per- 
formed more poorly than any of the other 
groups Evidently, the vagueness of a 
promise with no accompanying evidence of 
progress or indication of what constituted 
attainment resulted m a deterioration of per- 
formance Or was it that the children in the 
‘promise” group were prohibited from making 
meaningful manipulative responses that, in 
themselves, may constitute a source of rein- 
forcement? This possibility was studied by 
Terrell (1959), who told the Ss to imagine 
they received a piece of candy after each 
correct response and to put the imaginary 
candy m a make-believe bag that later could 
be exchanged for a real bag of candy The Ss 
who had engaged in manipulation of the 
imagined objects learned a two-choice dis- 
crimination m significantly fewer trials than 
Ss who simply were promised a bag of candy 
when they made the light go on enough 
times 

These results do not mean that children 
are insensitive to the presence of material 
incentives in a discrimination learning task, 
since the studies typically involved a smgle 
testing session and arbitrary assignment of 
the child to a particular mcentive group 
Conditions can be arranged to reveal signifi- 
cant differences m performance as a function 
of the incentives used Brackbill and Jack - 
(1958) made the reasonable assumption that 
the effectiveness of different objects as in- 
centives or remforcers may differ, depending 
upon individual preferences In their study, 
kindergarten boys either were allowed to 
select the incentive they wished to work for 
from among a group of three, or they arbi- 
trarily were assigned one incentive As pre- 
dicted, the variability m the average number 
of trials required to meet criterion for learn- 
ing a three-choice discrimination problem 
was greater for the group whose incentive 
was assigned. 

Another effort tq assess differential efFects 


of incentives is a study with 10-year-olds by 
Witryol, Tyrrel, and Snowden (1964), who 
used a five- choice discrimination task Each 
of the five stimuli was consistently paired 
with one of five incentives a piece of bubble 
gum, a penny, a toy charm, verbal reinforce- 
ment, or nothing Two indices of possible 
differences in the effects of the incentives 
were the rank-order of frequency of choices 
of each stimulus and changes in the fre- 
quency of choices across tnals The stimulus 
yielding a penny was chosen most frequently 
and the stimulus yielding nothing was, rea- 
sonably, chosen least frequently The Ss 
selected the other three stimuli with roughly 
equal frequency However, for boys, only 
choices of the stimulus that yielded a penny 
increased significantly across tnals, and for 
girls, only the stimulus associated with sup- 
portive comments from a young male experi- 
menter 

* Two other studies found that a higher 
yievel of performance may occur if there is 
a possibility that the mcentive will be re- 
trieved by the experimenter when S makes 
an incorrect response Brackbill and O’Hara 
(1958) gave kindergarten boys 15 pieces of 
candy and told some of the Ss that each 
time they made a correct choice they would 
find another piece of candy, but that each 
time they made an incorrect choice they 
wduld have to return a piece to the experi- 
menter Another group was not required to 
return the candy when they made incorrect 
choices Learning was significantly faster for 
the first group, perhaps because the value of 
an incentive is increased when there is a pos- 
sibility of losing it But it is also possible that 
/ the introduction of a mild form of purush- 
f ment results m S’s paying closer attention to 
the discriminative stimuli 

Similar results were found by Stevenson, 
Weir, and Zigler (1959) In an effort to vary 
the amount of pre-expenmental satiation for 
the mcentive objects, the Ss were given either 
5, 10, 20, or 40 colored stickers in the pre- 
expenmental period The Ss received a sticker 
for each correct response and half of the Ss 
were required to return a sticker aftei each 
mcorrect response Only those groups given 
the two smaller numbers of stickers and re- 
quired to relinquish a sticker following in- 
correct response tended to learn the three- 
choice successive discrimination problem 
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Over 80% of these Ss reached the criterion 
for learning, but 30% or fewer of the Ss in 
the other groups did so The effects of intro- 
ducing a penalty for incorrect response were 
dependent upon the numbei of incentive ob- 
jects the Ss had available 

Facilitating effects of mild foims of punish- 
ment also have been found in studies wheie 
the punishment involved more than the 
penalty of returning prizes for incoirect re- 
sponses Penney and Lupton (1961), m line 
with the preceding results, found a higher 
level of performance m a two-choice pattern 
discrimination when children received candy 
for correct lesponse and an unpleasant tone 
for incorrect lesponse than when they re- 
ceived only candy for conect response In 
fact, the second group continued to perform 
at a chance level thioughout the task A 
thud group, which received only the tone 
for incorrect responses, showed the highest 
level of performance 

In a related experiment, Spence and Segnei 
(1967) found that children presented candy 
for correct response and a buzzer for in- 
correct response learned a series of object 
discriminations more effectively than did a 
group receiving only reward foi correct le- 
sponse No significant diffeience was found 
between the performance of the gioup given 
both candy and the buzzei and a third gioup 
given only the buzzer The study included 
complementary groups for whom the words 
“right” and ‘wrong” constituted the rein- 
forcers There were no significant diffeiences 
m performance among the verbal reinforce- 
ment groups Of additional interest is the 
finding that theie was no significant dif- 
ference m the effectiveness of material and 
nonmatenal rewards for middle- and lower- 
class childien, a result different from that 
found by Terrell, Duikm, and Wiesley 
(1959) Spence and Segner were careful to 
point out the informational value of the 
presence or absence of reinforcement for a 
particulai response, thus the Ss' set was pre- 
sumably quite different m this study from 
that of the Ss m the other studies discussed 
The mterpi etation favoied by the authors 
for the poor performance of the candy-only 
group was that the delivery and accumula- 
tion of rewards may distract attention from 
the task and thereby interfere with perform- 
ance 


Silence as used in studies such as the 
preceding one may play a different role, de- 
pending upon whether it is paned with the 
experimenter's saying “right” or “wrong ” 
Offenbach (1966) has shown that silence ac- 
quires remf oi cement value m a direction 
opposite to the verbal statement with which it 
is combmed That is, silence may acquire a 
positive value when the word “wiong” follows 
incoirect responses and a negative value 
when “light” follows correct responses Si- 
lence therefore may impart different informa- 
tion, depending upon the S's expectations or 
prior experience 

Finally we consider what would happen if 
an intense form of punishment were used, 
Stiong electric shock has been found to have 
stiong effects on learning m lower animals. 
Nelson, Reid, and Ti avers (1965) attempted 
to determine whether such a strong aversive 
stimulus would result m similar effects with 
childien In a study that probably will not be 
repeated because of its ethical problems, chil- 
dien leceived eithei a tone, the words “right” 
or “wrong,” or stiong electric shock as feed- 
back for coirect and incorrect responses m 
tasks where one of two responses had to be 
associated with a senes of words, or of combi- 
nations of letteis oi numbers Despite the fact 
that the shock was so strong that it produced 
teais in some childien, no significant differ- 
ences in rate of learning were found among' 
the various conditions In conti ast to animals, 
children appeared to respond to the informa- | 
tional value of the shock, rather than to its^ 
aversive qualities, in directing their response 1 

These studies, and others to be discussed m 
later sections, indicate the mappropnateness 
of mechanistic interpretations of the role of 
reinforcers and incentives in children's dis- 
crimination learning Reward does not neces-; 
sanly facilitate the acquisition of the conect 
response, nor does punishment necessarily de- 
crease the tendency to make incorrect re- 
sponses Because children are social organisms 
who are highly dependent upon the manner 
m which the adult structures the task and 
who entei the experimental situation with 
preferences and great varieties of prior ex- 
periences, their interpretation of what is de- 
fined as a reward or a punishment and the 
way their performance is influenced by them 
may be veiy complex As Spence and Segner 
(1967, p 37) have pointed out, “it is be- 
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coming increasingly appaient that reinforcers 
>do not have a simple set of pioperties that 
affect peiformance in a uniform manner but 
may play a number of complex roles, de- 
pending on such variables as the chaiacter- 
lstics of the subjects, the task, the nature of 
the reinforcers themselves, and the precise 
manner m which they are introduced into the 
situation ” 

Delay of Reinforcement 

There is a great deal of evidence that a 
delay m the time of leinfoi cement retards 
animal learning, but the findings with chil- 
dren aie inconsistent The majonty of the 
studies of childien’s discrimination learning 1 
have found negligible effects of delaying lem- 
forcement, but differences in the peifoimance 
of groups receiving immediate and delayed 
remf 01 cement have been found m some 
studies Several examples leveal the dispari- 
ties among these sets of results In a study 
by Ross, Hetherington, and Wiay (1965) 
delays as long as 18 seconds did not signifi- 
cantly influence performance when the stimuli 
weie not visible during the delay period, 
when the stimuli were visible, learning was 
retarded by a 12- but not by an 18-second 
delay Hetherington, Ross, and Pick (1964) 
found significantly slower learning when the 
delay was 12 seconds, but not when it was 1 5 
or 6 seconds No effects of delays of 3 oi 6 
seconds were found by Enckson and Lipsitt 
(1960) m a thiee-choice discrimination piob- 
lem In a summary of seven studies by Biack- 
bill and her associates involving 14 compari- 
sons, immediate reinfoi cement lesulted m 
faster acquisition m only one case (Brackbill, 
Wagner, and Wilson, 1964) On the other 
hand, two studies of form and size disci unina- 
tion have found significantly slowei learning 
for groups receivmg a 7-second delay than for 
those receiving immediate reinforcement 
(Tenell and Ware, 1961, Waie and Teirell, 
1961) 

The last two studies offeied a clue as to 
why, in some cases, delay may result m less 
efficient learning In these two studies, 5- and 
6-year-olds were presented simultaneous form 
and size discriminations, one pioblem was 
coupled with immediate reinforcement and 
the other with delayed reinforcement The 
children seemed to lose interest m the prob- 
lem involving delayed reinforcement The 


possibility that the detrimental effects of de- 
layed reinforcement may be attnbutable to 
inattention lesulting fiom boiedom or frus- 
tration has been investigated m several sub- 
sequent studies Fagan and Witiyol (1966) 
found that such effects could be eliminated 
if the Ss were instiucted to look at the souice 
of reinfoi cement duiing the period of delay 
Maintaining attention to the source of rein- 
forcement presumably made it less likely that 
interfering responses would be learned during 
the delay period Other Ss receiving delayed 
reward but no instructions about what to do 
duiing the delay period peiformed more 
pooily than a group receiving immediate rein- 
forcement Fuither suppoit foi the import- 
ance of the delay penod as a time when 
mterfeung — or facilitating — i espouses can be 
made was found by Wnght and Smothergill 
(1967) Immediate reinforcement was less 
effective than delayed reinfoi cement if active 
observing behavior occuired duiing the delay 
period 

The frequent failure to find significant 
effects of delay of rewaid with children thus 
may be a lesult of childrens ability to main- 
tain appropriate orienting responses during 
the period of delay — an incomparably moie 
difficult feat for animals Another related 
factoi may be childrens ability to budge the 
period of delay with forms of self-instruction 
or mediating lesponses A tendency for 
younger children to be more stiongly affected 
m a negative manner by delay than older 
children has been noted by Terrell (1965), 
which may indicate that youngei, less ver- 
bally facile children are less likely to make 
such responses spontaneously than aie older 
children 

Biackbill and her associates have demon- 
stiated a secondary gain from delay of re- 
infoi cement In a series of studies they 
found no significant effects of delay of rein- 
foi cement on acquisition but consistent facili- 
tating effects on retention of a discrimination 
For example, Brackbill (1964) attempted to 
determine whether the introduction of a dis- 
ti acting task duiing the delay period would 
diminish the effects of delay on retention The 
Ss were required to copy numbers during the 
10-second delay between response and rein- 
forcement The immediately reinforced Ss 
were also required to copy numbers, but 
after the reinforcement had been delivered 



878 HAROLD W STEVENSON 


A 20-second mteitrial interval was used for 
all groups In contrast to previous findings, 
the Ss learned a series of 18 two-choice dis- 
criminations more slowly with immediate than 
with delayed reinforcement Surprisingly, the 
delay group performed at the same level dur- 
ing acquisition trials as another delay group, 
which did not perform an intervening task 
As was found m the previous studies, sig- 
nificantly greater numbers of trials were re- 
quired to relearn the discrimination 1 or 8 
days after acquisition by the Ss who received 
immediate remforcement durmg training than 
by those for whom reinforcement had been 
delayed Despite the consistency of this find- 
ing across a number of studies, its explication 
awaits additional research 

Response Biases 

The discrimination learning situation may 
elicit response biases m children which are im- 
portant considerations in evaluating perform- 
ance In a two-choice task with undisci runn- 
able stimuli and nondifferential reward, 
Jeffrey and Cohen (1965) reported that 3- 
! { year-olds tend to persevere m making position 
responses, whereas 4-year-olds tend to alter- 
nate their choices between the stimuli Schus- 
terman (1963) has reported similar effects 
for 3- and 5-year-olds, but 10-year-olds were 
found to demonstrate neither response pat- 
tern Rieber (1966) repeated the Jeffrey and 
Cohen study with 7- and 9-year-old Ss 
Nearly three-fourths of the Ss showed alter- 
nating behavior when either response was 
consistently reinforced, but the number of 
alternations dropped significantly under 
schedules of nondifferential partial remforce- 
ment Considering the three studies, it ap- 
pears that a preference for alternation is 
present at age 4, persists through age 8, 
and drops out by age 10 

Stevenson and Weir (1961) investigated 
the effect of initial remforcement or nonrein- 
forcement of response in a three-choice spa- 
tial discrimination task on the tendency to 
repeat the response on the subsequent trial 
At age 3 over 80% of the Ss repeated the 
response that had led to reinforcement on the 
previous trial, but by age 9 fewer than 30% 
did so When the initial response was not rein- 
forced, fewer than 50% of the 3-year-olds and 
practically none of the 5-, 7-, and 9-year-olds 
included m the study repeated the response. 


Greene (1964) reported similar results m a 
study of preschool and kindergarten children 
The Ss were presented varying numbers of 
trials in a two-choice color discnmmationprob- 
lem before a third, novel stimulus was intro- 
duced On trial 2 nearly 70% of the Ss shifted 
their response to the stimulus that was not 
chosen on tual 1 A similar percentage of Ss 
chose the novel stimulus when it was intro- 
duced, and the tendency to shift to this stimulus 
was not influenced significantly by the num- 
ber of prior trials with the two discriminative 
stimuli In another study using the same 
problem, Greene and Terrell (1964) found 
that over 70% of the Ss m grades 1, 3, and 5 
shifted their response on trial 2 to the stimu- 
lus that had not been chosen on the previous 
trial In contrast to the Stevenson and Weir 
study, however, no differences m this tend- 
ency were found across grades, and a greater 
tendency was found to shift response after re- 
mforcement than after nonremforcement The 
bases for the discrepancies are not clear 
These are paradoxical results for a rem- 
forcement theorist Remforcement does not 
increase the tendency of older children to re- 
peat a response, it has the opposite effect of 
increasing the likelihood that an alternative 
response will be made Three-year-olds, how- 
ever, are a different matter, they do behave 
as they should according to traditional con- 
cepts of remforcement This, it will be seen, 
is the first of manv instances where the be- 
havior of pieschool children, but not of older 
Ss, conforms to remforcement theory The in- 
terpretation of the performance of the older 
Ss appears to require the introduction of 
new concepts and several alternatives have 
been offered Children may switch their re- 
sponse to the new stimulus out of curiosity | 
to discover what would happen if it were! 
chosen, children may have learned to expect 
that adults are unlikely to reinforce a par- 
ticular choice consistently, or children may \ 
wish to be “fair” and give each alternative ' 
an equal chance of bemg selected At present, 
it is impossible to decide whether one of these 
alternative explanations is more relevant than 
the others 

Developmental Studies 

Other than m the studies reviewed, there 
has been little interest m studying discrimina- 
tion learning at different ages At first, such 
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studies would seem to be unproductive ven- 
tures, for there is little obvious basis for pre- 
dicting anything other than an improvement 
m performance with increasing age But 
several developmental studies have reported 
quite unexpected results 

Stevenson, Iscoe, and McConnell (1955) 
presented a two-choice size discrimination to 
Ss at six age levels between the preschool 
and college years As expected, performance 
improved consistently between ages 4 and 11, 
with the 11-year-olds learmng the problem 
m a very small number of trials After this, 
however, performance became increasingly 
inefficient, the frequency of correct response 
decreased consistently across the next three 
age levels, endmg with the college Ss per- 
forming at approximately the same level as 
the 4-year-olds A curvilinear relation be- 
tween age and rate of learning also was found 
in a study by Weir and Stevenson (1959), 
where Ss between the ages of 3 and 9 were 
presented a serial discrimination task involv- 
ing drawings of five pairs of common objects 
Learning was more rapid for 5- than for 3- 
year-olds, but both 7- and 9-year-olds per- 
formed less adequately than the 5-year-olds 
How can such odd results be interpreted? 
The older Ss in these studies appeared to be 
unable to accept the fact that the problems 
were as simple as they actually were Conse- 
quently, they developed complex hypotheses 
about their solution that hindered the de- 
velopment of the more simple, correct re- 
sponse The expectations that children have 
about the level of difficulty of the problem 
may lead to poor performance unless the ex- 
pectations are roughly m concordance with 
the actual level of difficulty 

A second set of developmental studies ex- 
plored changes in the ease of learning a rela- 
tion between two members of a pair of 
stimuli The discrimination of relations be- 
tween sets of stimuli should be more difficult 
than the discrimination of common elements, 
if it is assumed that the former requires some 
type of higher order abstracting ability Gra- 
ham, Emhart, Craft, and Berman (1964) 
found the opposite to occur Children be- 
tween the ages of 2 and A J / 2 years were pre- 
sented pairs of stimuli, each pair consisting 
of a common stimulus and a second stimulus 
larger or smaller than the first For some Ss, 
response to the relation between the stimuli 


was reinforced (te, the larger stimulus in 
each pair was reinforced) and for other Ss 
the stimulus that was common across the pairs 
was remforced Learning the absolute dis- 
crimination was harder at all ages, but the 
difficulty decreased with increasing age Per- 
formance on the relational problem was maxi- 
mal by the age of 3 

Further evidence of young children’s ability 
to respond to relations between stimuli be- 
fore the age at which they normally demon- 
strate relational concepts in other ways was 
found by Berman and Graham (1964). Pre- 
school children were presented two squares, 
both of which were remforced on a smgle 
trial On the second trial, one of the first-trial 
stimuli and a new stimulus were presented 
On tnal 2 the children chose the stimulus of 
the same relative size more often than they 
chose the alternative stimulus Hence the 
ability to respond to relations between stimuli 
is a primitive form of behavior that does not 
require verbal control 

Similar effects have been found for audi- 
tory discrimination (Riley, McKee, Bell, and 
Schwartz, 1967) First and third graders were 
instructed to make absolute or relative judg- 
ments concerning tones differing m loudness 
and pitch The Ss followed instructions for 
amplitude better than for frequency, and Ss 
followed relative instructions better than ab- 
solute instructions Children of these ages ap- 
peared to discriminate between amplitudes 
almost exclusively on a relational basis Third 
graders performed better than first graders 
only when the discrimination trials, were not 
preceded by pretraining with other stimuli 
and when the Ss were required to make 
either absolute or relative judgments, but not 
both As the authors point out, however, a 
relational discrimination does not require Ss 
to remember relations among particular 
stimuli, but an absolute discrimination is de- 
pendent upon the retention of information 
about a specific stimulus The relational dis- 
crimination may be a more primitive mode of 
response since it requires less differentiation 
of the specific attributes of the stimuli and is 
less dependent on memory 

LEARNING SET 

I There are many indications that experience 

I with learning problems results m more effi- 
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cient learning of new problems Some factors 
contributing to this impiovement aie the 
elimination of biases and other incorrect re- 
sponse tendencies, development of appropri- 
ate observing responses and increased atten- 
tion to relevant cues, modification of 
expectancies concerning the difficulty of the 
problem, and acquisition of strategies foi 
maximizing the information fiom each le- 
sponse When the pioblems aie all of the 
same type, positive transfer acioss learning 
tasks should be maximal This is the case, for 
when Ss, both human and nonhuman, are 
given a series of two-choice discrimination 
problems, a point is leached wheie the cor- 
rect response is learned m no moie than one 
tnal The S has learned how to learn, oi has 
developed what is called a learning set 
The fiist studies of learning set with chil- 
dren as Ss were aimed at determining whethei 
children could foim learning sets (they 
could) and whethei bughtei childien formed 
learning sets moie rapidly than duller chil- 
dren (they did) Learning sets aie developed 
by children with gieat rapidity, foi example, 
Reese (1965) found that only 17% of tnal-2 
responses were inconect when 3- to 5-yeai- 
olds were requued to learn a senes of two- 
choice object discrimination pioblems In an- 
other study (Ellis, Girardeau, and Pryoi, 
1962), only one problem was necessaiy foi 
children to develop a learning set if this piob- 
lem was learned to criterion The coi relation 
between MA and number of piobjems neces- 
sary to leach critenon of learning set has been 
found to vaiy between — 50 and — 60 foi 
youngei Ss (eg, Koch and Meyei, 1959) 
Although there has been no ngoious investi- 
gation of the effects of type of stimulus on 
rate of acquiring learning set, it appeals that 
the type of stimulus plays a less important 
role m the development of learning set m 
children than m lower animals 
Two of the most definitive studies of the 
role of MA and IQ on the development of 
learning sets have been lepoited by Harter 
(1965, 1967) In the first study, children at 
three levels of MA (5, 7, and 9) and three 
levels of IQ (70, 100, 130) were piesented 
10 four-tnal problems a day until they 
reached a criterion of over 90% conect re- 
sponse on five successive problems Signifi- 
cant differences m performance were asso- 
ciated with MA, IQ, and the interaction 


between MA and IQ Thus both level of in- 
tellectual functioning and rate of intellectual 
growth were significantly i elated to the ease 
of developing learning sets The intei action 
reflects the greater diffeiences in performance 
among the MA gioups at IQ 70 than at the 
highei IQ levels and the gi eater differences 
between IQ groups at MA 5 than at MAs 7 
and 9 The interaction of MA and IQ and 
the low lelationship of MA with performance 
for the childien ovei 8 yeais old probably 
is due partly to a ceiling effect resulting from 
the simplicity of the pioblems 

In the second study, Haiter included two 
MA levels, 5}4 and 8j4, and three IQ levels, 
65, 100, and 130 The findings were similai 
to those of the fiist study, indicating more 
lapid development of learning set at the 
highei levels of MA and IQ 1 In then piecn- 
tenon peifoimance, younger Ss employed 
lesponse-set hypotheses, evident m position 
piefeiences and position alternations, whereas 
oldei Ss employed hypotheses contingent on 
the outcome of the prioi response, such as 
wm-stay, lose-shift The lattei types of hy- 
pothesis aie, of couise, moie useful m solving 
the pioblems Level of IQ was not cleaily 
associated with diffeient types of hypothesis 
In addition, half of the Ss weie tested undei 
a standaid, neutial condition and half weie 
piaised foi coirect lesponse The two con- 
ditions did not influence the peifoimance of 
the highei MA Ss significantly, but perform- 
ance of the lowei MA Ss was higher in the 
praise condition Motivational differences as- 
sociated with intellectual level may play an 
impoitant role m determining the rate at 
which a learning set will be formed 

The effects of varying the difficulty of suc- 
cessive pioblems on the acquisition and le- 
tention of learning set has been studied by 
Katz (1967) The Ss, pieschool childien from 
a cultuially depnved population, were sepa- 
rated into aveuge and low IQ groups (mean 
IQs of 102 and 84, lespectively) The diffi- 
culty of the pioblems was mci eased by re- 
ducing the nnmhei of dimensions (shape, 
size, coloi) lepiesented m geometiic figures, 
in the easiest problems the stimuli differed 
on all thiee dimensions and in the most diffi- 
cult pioblems they differed on only one di- 
mension In line with other lesults, gioups 
given prior experience with object discrimi- 
nation problems did better on thiee cntenon 
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problems than did a group with no prior ex- 
perience Within the pretramed groups the 
sequence of relative difficulty of the training 
problems did not influence performance on 
the criterion problems When the two IQ 
groups were considered separately, however, 
a significant effect was found for the low 
IQ Ss a transition from easy to moderately 
difficult or from easy to difficult problems 
produced decrements m performance A por- 
tion of the Ss were retested after 6 months 
The Ss who had received prior training 
showed greater improvement across the test 
problems than did the control Ss, indicating 
that the improved performance was due to 
enhanced speed of learning rather than to 
better immediate memory 

ODDITY LEARNING 

Discrimination learning problems can be 
made more difficult if S is requned to choose 
the odd object from among a^set, rather than 
one particular object In studies of oddity 
learning, three or more objects are presented 
on each trial, one of the objects is dissimilar 
from the others Since different sets of objects 
are used on successive trials, S must abstract 
the quality of "oddity" as the relevant basis 
for response An even more difficult pioblem, 
a conditional oddity problem, can be con- 
structed if additional cues are provided to 
indicate the dimension of oddity relevant on 
a particular trial For example, the discrimi- 
native stimuli may differ m color and form 
If they are presented m the presence of one 
cue, oddity m color is the relevant dimension, 
whereas in the presence of a second cue, 
oddity m form is the relevant dimension 

Several developmental studies of oddity 
learning have been reported Gollin and Shirk 
(1966) presented childien between the ages 
of 4 and 7 an oddity problem involving color 
The percentage of Ss capable of reaching 
criterion within 54 trials increased from 42% 
for the 4-year-olds to 88% for the 6-year-olds 
These levels of performance were somewhat 
higher than those found m an earlier, similar 
study by Lipsitt and Seruman (1963), but 
the pattern of changes across age was highly 
similar 

Hill (1965a) also found developmental 
changes m oddity learning between the ages 
of 4 and 12 All of the 12-year-olds, over 


50% of the 6-year-olds, but only 10% of the 
4-year-olds were capable of reaching criterion 
within 200 tnals in a task involving objects 
that differed m shape and coloi Hill also 
compared performance on the oddity problem 
with that found in a two-choice discrimina- 
tion and m a conditional oddity problem The 
object discrimination problem was easiei than 
the oddity problem, and the conditional od- 
dity problem was quite difficult Since the Ss 
were presented at least two of the problems, 
transfer effects could be assessed Negative 
transfer was found for 4-year-olds when they 
were given the discrimination task after the 
oddity problem, and positive transfer was 
found for 12-year-olds when they were given 
the conditional oddity problem after the 
other two problems 

In a direct investigation of possible sources 
of transfer, Hill (1965b) pretramed 4- and 
6-year-olds with a two-choice object dis- 
crimination task or with pairs of stimuli iden- 
tical or different in form and color Follow- 
ing pietraining, the Ss were presented an 
oddity problem with a new set of objects 
that differed m form and color No differen- 
tial effects of the two types of pretiaming 
were found for 4-year-olds, but the 6-year- 
olds benefited more from pretraining that 
emphasized the attributes of similarity and 
diffeience between pairs of objects than they 
did when they simply weie given a discrimi- 
nation task during pretrainmg 

The effects of the presence of irrelevant 
stimulus dimensions on oddity learning was 
investigated with 8- to 10-year-olds by Lub- 
ker and Spiker (1966) The stimuli were 
squares, triangles, and circles that were either 
white or black and large or small When only 
one within-trial irrelevant cue (brightness) and 
one irrelevant between-trial cue (size) were 
present, learning to discriminate oddity of 
form did not differ from the case where there 
were no irrelevant withm-trial cues but dif- 
ferent between trial cues When, however, 
two irrelevant withm-tnal cues were present 
(le , the stimuli differed m form, size, and 
bnghtness) learning was less efficient than 
when there were no irrelevant within-trial 
cues 

Two other variables that influence oddity 
learning are stress and the similarity of the 
stimuli (Lipsitt and Lolordo, 1963) Nine- 
year-olds were tested with three colors that 
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were either distinctive or similar, half were 
instructed there was a time pressure on their 
performance and half were given neutral 
1 instructions Slower learning was found when 
the stimuli were similar than when they were 
distinctive, presumably because the similar 
stimuli aroused competing responses, which 
interfered with learning “The interaction be- 
tween stress and task difficulty was also sig- 
nificant learning was facilitated under stress 
when the stimuli were distinctive, but when 
tie stimuli were similar stress had a deleteri- 
ous effect on performance In fact, the per- 
formance of the group given stress instruc- 
tions and similar stimuli did not improve 
across 54 tnals 

TRANSPOSITION 

In the initial phase of the transposition 
problem, Ss are trained to respond, for ex- 
ample, to the larger of two stimuli In the 
L^econd, test phase the smaller of the original 
pair is replaced by a third, still larger stimu- 
lus Will S now choose the originally positive 
stimulus or will he choose the larger stimulus 
of the pair? The general finding that animals 
of different species and humans of different 
ages tend to choose the larger stimulus on 
the first test trial was used by the Gestalt 
psychologists to support the view that learn- 
ing is a result of developing an understanding 
of the relations that exist among stimuli, 
rather than acquiring specific stimulus-re- 
sponse connections How, otherwise, could 
one account for the fact that Ss select the 
stimulus m the test set that they had not en- 
countered previously m preference to a stimu- 
lus that had been reinforced consistently? 
Spence (1937) proposed a model to handle 
this questionvSpence assumed that the habit 
.strength developed to the positive stimulus 
j during training generalized to other stimuli 
j along the same dimension, as did the inhibi- 
tory strength developed to the negative stim- 
[ulus By summing the excitatory and inhibi- 
tory tendencies algebraically at different 
points along the stimulus continuum, it is 
/possible to predict that transposition will 
I occur for “near” stimuli (stimuli near the 
j training set) but not for “far” stimuli (s timul i 
further removed on the stimulus dimension) 
The second prediction is not m accord with a 
relational theory, and evidence of a decrease 


in the incidence of transposition as the tes 
stimuli become more remote from the tram 
mg stimuli (the “distance effect”) was m 
terpreted as an indication of the greate 
power of a stimulus-response, or absoluh 
theory 

Many studies of transposition have usee 
children as Ss, but current interest m th< 
problem can be traced to the publication o: 
a study by Kuenne (1946) Kuenne assumec 
that diffeient frequencies of transpositior 
would be obtained, depending upon the Ss 
linguistic competence The performance oi 
young childien who cannot verbalize rela- 
tions among stimuli should conform to the 
predictions of Spence and be similar to thal 
of nonverbal organisms Older children, how- 
ever, who can verbalize a relation such as 
‘larger than,” should depend upon the ver- 
bal cues to guide their response and then 
performance should be less dependent upon 
the absolute characteristics of the test stimuli 
Accordingly, it was predicted that younger 
Ss would show a distance effect, but that 
transposition would be maintained at a high 
level by older Ss even for remote stimuli 

In a study of the performance of Ss vary- 
ing in mental age from 3 to 6 years, Kuenne 
found support for these predictions Trans- 
position remained at a high level aci oss all 
MA levels for a “near” set of stimuli, but 
decreased consistently for a “far” set as MA 
decreased Post-test questioning of the Ss in- 
dicated that the youngez Ss were less capable 
of verbalizing the size relation that existed 
within the pairs of stimuli, none of the Ss 
at the 3-year level and nearly all at the 5- 
and 6-year levels were able to verbalize the 
principle either spontaneously or upon ques- 
tioning Kuenne’s results were replicated 
shortly afterward by Alberts and Ehrenfreund 
(1951) 

Subsequent studies have not consistently 
supported Kuenne’s two-stage model For ex- 
ample, Stevenson, Iscoe, and McConnell 
(1955) found no marked changes in the in- 
cidence of transposition between the pre- 
school and college years, and a distance effect 
was not obtained by Stevenson and Iscoe 
(1955) for the first-trial performance of re- 
tarded Ss, who presumably were preverbal in 
the sense that only 3 of the 44 Ss could ver- 
balize the basis for solving the problem* 
Totally discrepant findings have been re- 
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ported by Rudel (1958) The Ss, 21 to 45 
months of age, were divided into preverbal 
and veibal groups accoiding to their ability 
to pick out the “bigger” or “smallei” of a pair 
of squares at the completion of the testing 
session The Ss were trained on a size dis- 
crimination m which the laigei stimulus was 
correct for half of the Ss and the smaller 
stimulus was correct for the other half Five 
sets of increasingly large stimuli were used 
in the test trials for different groups of Ss 
A U-shaped curve was obtamed transposi- 
tion decreased across the first thiee pairs of 
test stimuli but then increased for pairs 4 
and 5 In addition, a significantly higher in- 
cidence of transposition was found when the 
smaller than when the larger m the training 
pair had been coirect and theie was no ovei- 
all difference in the performance of the pre- 
verbal and verbal Ss Only the decrease in 
transposition found for pairs I to 3 by the 
preverbal Ss is m accoid with Kuenne’s 
model 

One of the most difficult sets of results foi 
the model to explain is that reported by 
Johnson and Zara (1960) The behavior of 
half of the Ss m this study confoimed to the 
model, but that of the other half did not 
Two gioups of Ss between the ages of 3 and 
5 years were trained on a size-discrirmna- 
tion problem When only one pan of stimuli 
was presented on the tiainmg tnals, as had 
been the case m the previous studies, a dis- 
tance effect was found When, however, two 
pairs of training stimuli were used, the Ss 
transposed at a high level regardless of the 
distance between the training and test sets 
The gradients posited by Spence cannot ac- 
count for such an effect, although the effect 
can be understood if it is assumed that (1) 
when the same relation exists in multiple sets 
of training stimuli Ss are more likely to dis- 
cover the relevance of the relation between 
the stimuli for solution of the problem and 
(2) Ss aie able to utilize such mfoimation 
on the test trials The results have been rep- 
licated by Sherman and Stiunk (1964) 

Additional discoidant lesults have been 
reported by Hunter (1952) foi 5-year-olds 
As m the preceding two studies, Ss were 
trained with more than one set of stimuli, 
but m this study the different sets were pre- 
sented successively rather than simultane- 
ously The procedure was rather complicated 


Different combinations of stimuli were used 
with diffeient groups, but all embodied the 
following type of training After Ss had 
learned to select the larger of two circles 
consistently, a new set of stimuli whose mem- 
bers were larger than the fust set was pre- 
sented When the largei of these two stimuli 
was selected consistently, trials weie given 
with a thud set whose positive member was 
the stimulus that had not been remfoiced 
during the second phase and whose negative 
member was a blank caid The last set was 
used to offset the inhibitory tendencies that 
would be predicted to develop during the 
second phase of tiainmg On the test trials 
a pair of stimuli was used whose members 
consisted of a stimulus laigei than any of 
those used diu mg training and a stimulus 
whose size was intermediate between the 
stimuli lemfoiced during the first two phases 
of tiainmg Accoiding to an absolute theory, 
the last stimulus should be chosen on the 
test tnals, for its excitatory strength is postu- 
lated to be the sum of the geneialized ex- 
citatory stiengths derived from the training 
stimuli Any geneialized inhibitory strength 
to this stimulus should have been eliminated 
by the thud phase of tiainmg Thus the Ss 
should have chosen the smaller stimulus m 
the test set rathei than the moie distant, 
laiger stimulus Neveitheless, ovei 80% of 
the Ss made a relational response Further- 
moie, when a similar pioceduie was followed 
m a second study with Ss whose mean age 
was 23 months, 80% of the Ss made a rela- 
tional lesponse on the test trials 

The results of the preceding three studies 
indicate that tiainmg with multiple sets of 
stimuli is conducive to making a relative 
lesponse, even when the training is devised 
so that it supposedly yields gradients that, 
accoiding to Spence's model, should result 
m absolute responding 
Another implication of the model was 
tested by Cole, Dent, Eguchi, Fuju, and 
Johnson (1964) Three-year-olds weie tiamed 
with a “fading m” technique whereby the 
negative stimulus was represented initially 
by a thin line, which giadually evolved across 
the 30 training tnals into a small square The 
positive stimulus, a larger square, was com- 
plete on all trials This technique made it 
very unlikely that the Ss would make errors 
and, consequently, that inhibitory tendencies 
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would be developed for the negative stimulus 
In such a situation, the Ss did transpose to 
a significant degree 

Spence's model obviously is inadequate for 
predicting the behavior of young children in 
transposition tasks Does the second aspect 
of Kuenne’s developmental model fare any 
better? The results of a study by Marsh and 
Sherman (1966) indicate that it does not 
The purpose of this study was to determine 
whether the frequency of transposition could 
be increased by instructing Ss about the rele- 
vant dimension and eliciting relevant verbali- 
zations prior to each response Two groups of 
Ss with mean ages of 3 2 and 4 6 years were 
trained with a pair of squares differing m both 
size and brightness The two dimensions were 
relevant and redundant in that, for example, 
the laige black squaie was positive and the 
small white square was negative The Ss 
were tested with the previously positive stim- 
ulus and a new stimulus that differed m both 
size and bnghtness from the other membei of 
the pair No age differences in performance 
were found, and the youngest Ss foi whom 
size was veibalized did not tianspose above 
chance on the test trials Those for whom 
bnghtness was verbalized tended to choose 
the previously positive stimulus When the 
study was repeated with 2-year-olds, now in- 
cluding a group receiving no instructions, the 
incidence of transposition again was not sig- 
nificant, the Ss m all groups tended to choose 
the previously positive stimulus Thus activa- 
tion of a verbal response through instructions is 
not sufficient to msuie that performance of the 
young child will be influenced significantly by 
such verbalization McKee and Riley (1962) 
reported similar results for auditory transpo- 
sition Labeling of tones as “high” or ‘low” 
did not facilitate transposition along a pitch 
dimension 

A different approach was taken by Zeiler 
(1966) with 4- and 5-year-olds, all of whom 
could verbalize size relations The area-ratios 
of the stimuli used m this study weie either 
1 96 1 or 1 4 1 A gradient similar to those 
found by Kuenne and by Alberts and Ehren- 
freund for preverbal Ss appeared for the stim- 
uli with the lower area-ratio, but a uniformly 
high level of transposition was found for the 
stimuli with the high area-ratio It is possible 
therefore that the difficulty of the original dis- 
crimination, rather than the presence or ab- 


sence of verbal mediation, may determine 
whether or not a distance effect will be found 
Stimuli with a low area-ratio are more difficult 
to discriminate, and, as indicated earliei, the 
younger Ss m the two earlier studies required 
far greater numbers of trials to solve the orig- 
inal discrimination than did the older Ss If 
the original problem is is difficult, Ss may be 
more likely to develop a relational response 
than if the absolute characteristics of the tiam- 
mg stimuli differ greatly 
’ The evidence appears to indicate, then, 
that such variables as stimulus conditions, 
chaiactenstics of the Ss, and types of training 
will determine whether or not transposition oc- 
curs Some studies support a relational inter- 
pretation, wheieas some support an absolute 
mterpietation Howevei, it may be mappio- 
' pnate to attempt to categorize learning as 
either relational or absolute Johnson and 
\ Bailey (1966) reported results fiom a very 
^extensive study involving five training condi- 
tions, diffeient numbers of tiaimng problems, 
and three age levels (kindergarten, fourth 
grade, and college Ss) Although the overall 
proportion of relational lesponses on the test 
'trials was high (73), the piopoition vaned 
(widely, and systematically, across the various 
I subgroups , depending upon the training con- 
ations and the age of the Ss Foi example, 
When kindeigarten Ss were piesented the 
^stimuli successively and without opportunity 
for companson, the pioportion of relational 
responses was 29, hut when the stimuli were 
v .- presented successively and they could be com- 
pared, the proportion inci eased to 92 The 
results of this study are complex, but they in- 
dicate cleaily it is possible to manipulate the 
incidence of absolute and relational respond- 
ing by modifying the stimulus situation within 
ja relatively restucted range, 

^ The Intermediate-Size Problem 

In addition to lesearch on the two-stimulus 
problem, there has been a great deal of intei - 
est m the transposition of intermediate size 
Researches initially became interested in this 
problem because of the opposing piedictions 
of the relational and absolute theories Accord- 
ing to relational theory, transposition of in- 
termediate size should occur, according to 
absolute theory it should not The basic as- 
sumptions of the absolute theory are the same 
as those previously discussed, but now 1 there 
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are two gradients of inhibitory tendencies and 
one of excitatory tendencies By summing the 
strengths of these tendencies along the rele- 
vant stimulus dimension, the net excitatory 
strength is found to be greatest for the stim- 
ulus nearest m size to the initially positive 
stimulus Thus in tests of transposition one 
step removed (a set of stimuli consisting, for 
example, of the two largei members of the 
original set and a new, still larger stimulus), 
pre-veibal Ss are predicted to choose the pre- 
viously positive stimulus, thereby making an 
absolute response 

One of the first investigations of the trans- 
position of intermediate size was reported by 
Stevenson and Bitterman (1955), whose Ss 
were 4- to 6-year-olds, none of whom could 
relate the significance of middle-size to the 
solution of the problem Test trials weie con- 
ducted with sets of stimuli one and five steps 
removed from the training set Transposition 
was found for stimuli one step removed, and a 
distance effect was obtained There was a 
much lower incidence of transposition for 
stimuli five steps removed than foi stimuli two 
steps removed These results were mterpieted 
as indicating that during training Ss had 
learned something about both the relations 
that existed among the stimuli and the region 
occupied by the tiaimng stimuli on the stim- 
ulus continuum Hence transposition would be 
predicted to occur when the test set is near 
the training set but to decrease as test sets be- 
come increasingly dissimilar to the training 
set A similar view had been suggested by 
Hunter (1954) 

One implication of this position is that the 
probability Ss will transpose depends on the 
discriminabihty of the test set from the train- 
ing set If the training stimuli are highly simi- 
lar, transposition is more likely to occur than 
if the stimuli are dissimilar, since discrimin- 
ating between-set differences should be more 
difficult when withm-set differences among 
the stimuli are small Reese (1962) tested 
this hypothesis by using two sets of stimuli, 
with area-ratios 1,3 1 and 2 1 Transposition 
was found for all groups on a near test, but 
on a far test the preschool Ss tiansposed only 
when the area-ratio of the stimuli was small 

Another implication of the “discrim inabil- 
ity” hypothesis is that transposition on far 
tests should occur if it is made clear to the Ss 
that die relation learned during training is ap- 


plicable to a broad range of stimuli Gonzales 
and Ross (1958) tramed 4-year-olds with two 
sets of stimuli selected from opposite ends of 
a size continuum and tested the Ss on a set 
intermediate between the two training sets 
Far transposition was found for the 4-year- 
old Ss with this procedure Subsequent stud- 
ies by Caron ( 1966) and by Beatty and Weir 
(1966) with 3- and 4-year-olds confirmed 
this finding and showed that the effect was 
dependent upon training with extreme sets of 
stimuli rather than upon multiple-set training, 
as might be suggested by the Johnson and 
Zara (1960) results cited earlier, Two train- 
ing problems were used in these studies, each 
involving two sets of stimuli In one problem 
the sets were selected from one extreme on 
the size dimension, and in the other, one set 
was selected from each extreme Only far 
tests of transposition weie used Of the 90 
Ss m each of Caron's conditions, 25 trans- 
posed on the fiist test trial m the first condi- 
tion and 55 in the second condition In the 
Beatty and Weir study, 3 of 20 m the first 
condition, but 16 of 20 m the second condi- 
tion transposed on the fai test None of the 
Ss m a third condition, which involved train- 
ing on only one set of stimuli, transposed 
The likelihood that Ss will transpose on far 
tests thus is increased if training encompasses 
extreme instances m the range of stimuli, but, 
m contrast to the results of two-stimulus prob- 
lems, the incidence of transposition is not in- 
creased greatly by multiple-set training 
There is other evidence that the intermedi- 
ate-size problem involves processes different 
from the two-stimulus problem The S' s abil- 
ity to verbalize relative size was an important 
variable in the two-stimulus problem, but 
stimulus conditions appear to play a more im- 
portant role m determining performance on 
the intermediate-size problem Studies by Ca- 
ron (1966), Reese (1961b, 1962), Reese 
and Fiero (1964), Rudel (1957), and Zeiler 
(1963a) found no relation between perform- 
ance of Ss on test trials and their ability to 
verbalize the concept of middle-size In an- 
other study (Reese, 1966) the experimenter 
named the correct or the incorrect stimuli for 
3- to 5-year-old Ss dunng tiammg, and a dis- 
tance effect was found, even though this effect 
would not be expected when verbal mediation 
is possible The incidence of transposition was 
higher, however, among Ss for whom the ex- 
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perimenter labeled the - correct or incorrect 
stimuli than among Ss who leceivedno direc- 
tive instructions The only other study m which 
diffeiences were found among Ss who pos- 
sessed the concept of middle-size and those 
who did not was reported by Caron (1967) 
First-trial choices on tests of transposition 
were equally high for both groups on near 
tests, but on a test six steps removed from the 
training stimuli, a gieatei number of the Ss 
who possessed the concept transposed None 
of the studies offeis any basis for determining 
why possessing labels for the stimuli exerts 
a significant effect on transposition m the two- 
stimulus problem but is only mfiequently an 
important variable m the intermediate-size 
problem 

Zeiler (1963b) has presented a latio theory 
of transposition that ignores the variable of 
level of conceptualization regarding interme- 
diate size and derives its predictions solely on 
the basis of the characteristics of the stimuli 
present in the tiainmg and test situations In 
many ways it is an attractive theory, foi it 
offers a quantitative approach to the transpo- 
sition pioblem, but experimental evidence has 
not given strong support to the predictions 
made Basically, it is an application of Hel- 
sons (1964) theoiy of adaptation level It is 
assumed that an adaptation level is estab- 
lished for the tiainmg tuals which is a sum of 
the geometric mean of the values of the stim- 
uli piesent and of a residual adaptation level 
denved fiom prior experience The S learns 
to select a stimulus that has a particulai ratio 
to the adaptation level During the test trials, 
the S is predicted to choose the stimulus whose 
ratio to the adaptation level established upon 
the perception of the test stimuli is most 
similar to the ratio of the original positive 
stimulus to the training adaptation level 
Zeiler (1963a, 1963b) presents a senes of 
studies with children that seem to be in line 
with these predictions 

A critical response to Zeiler s work has 
been made by Riley, Sherman, and McKee 
(1966), who found it impossible to replicate 
certain of Zeiler s findings One of Zeiler s 
(1963b) central experiments was repeated 
A series of stimuli, 1 through 8, vary in size 
from small to laige, During training, stimuli 
1, 2, and 8 are presented to all Ss, with 2 
being the positive stimulus, During testing, 
stimuli 1 and 2 are retained, but the third 


member of the set may be stimulus 3, 4, 5, 
or 6 As the largest test stimulus decreased in 
size, Zeilei found an increasing tendency for 
the Ss to choose stimulus 1 The most strik- 
ing departure fiom what would be predicted 
from any other position was performance with 
test stimuli 1, 2, and 3 Riley, Sherman, and 
McKee repeated the study, using only this 
test set Wheieas Zeiler had found the largest 
number of Ss chose stimulus 1 on the test 
tnal, in the replication study the largest num- 
ber chose the stimulus of intermediate size 
A second group of 4-yeai-olds was in- 
structed to look carefully at all of the stimuli, 
on the assumption that the Zeiler effect might 
depend upon S’s attending to all of the 
stimuli Again, the largest number of Ss 
chose the stimulus of intermediate size Ad- 
ditional groups either weie instructed to find 
the middle-sized stimulus, were told that the 
lewaid would always be under a particular 
squaie, or were told to find the one that 
fitted the board The third instruction was 
meaningful, foi strips had been pasted on the 
stimulus tiay of the same width as the 
stimulus of intermediate size Relative choices 
on the test trial weie moie frequent for Ss 
given the fiist set of mstiuctions, but when 
the mstiuctions emphasized the absolute char- 
acteristics of the stimuli, a preponderance of 
absolute choices was made The issues are 
not settled, foi Zeiler (1966) has responded 
by pointing out othei studies in which the 
results weie m line with adaptation level 
theory, but, nevertheless, concluded that 
“because of the growing catalog of situational 
vaiiables that cause absolute learning, the 
ratio theory is also unconvincing” (p 260) 
What is left from the studies of tiansposi- 
tion, then, is a large amount of data in search 
of a theory Tiansposition has been discussed 
m some detail because it is one of the most 
thoroughly explored problems m experimental 
studies of childien’s learning and because the 
data demonstrate with awesome vividness the 
complexity of the learning piocess m even 
veiy young children There is little question 
that theoietical analyses capable of handling 
data derived from lower animals are incom- 
plete and inadequate for predicting results 
from studies with children Relational theo- 
ries, absolute theories, discriminability theo- 
ries, and even mediation and ratio theories 
may provide satisfactory accounts for portions 
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of the data, but new approaches, especially 
those emphasizing perceptual and verbal 
processes and their interaction with develop- 
mental level, will be necessary for a moie 
comprehensive and satisfactory analysis of 
children s performance 

REVERSAL AND NONREVERSAL SHIFTS 

One case of transfer of training is trans- 
position, in which transfer is assessed with 
sets of stimuli differing on a single stimulus 
dimension and bearing the same withm-set 
relationship Two other types of tzansfer 
problem that have captured a great deal of 
interest are reversal and nonreversal shifts, 
where Ss are trained with a set or sets of 
stimuli which differ m at least one dimension ' 
and are tested with sets that require Ss to 
shift their responses eithei to a second value > 
of the previously relevant dimension or to a 
previously irrelevant dimension As m the 
studies of transposition, the lesearch has 
tended to be developmental and the lole of 
language has received special attention Much 
of the research on shift behavior with chil- 
dren was stimulated by a series of studies 
published by T and H Kendler and their 
associates The basic paradigm used m the 
studies and the predictions made fiom the 
stimulus-response and mediation theory es- 
poused by the Kendlers have been as follows 

For example, if a subject is initially trained 
on stimuli that differ simultaneously in bright- 
ness (black vs white) and size (laige vs 
small) by being rewarded to responses to , 
black regardless of size, a reversal shift would 
consist of learning to respond to white, and 
a nonreversal shift would consist of learning 
to respond to small Comparisons between 
these two types of shifts are of particular 
interest because theones based on single-unit 
versus mediated S-R connections yield op- 
posed predictions about their relative effi- 
ciency A single-unit theory assumes a direct 
association between the external stimulus and 
the overt response and would predict a re- 
versal shift to be more difficult than a non- 
reversal shift, This is because reversal shift 
requires the replacement of a response that 
has previously been consistently reinforced 
with a response that has previously been 
consistently extinguished, In a nonreversal 


shift previous training has reinforced re- 
sponses to the newly positive and negative 
stimuli equally often Strengthening one of 
these associations does not require as much 
extinction of its competitor as in a reversal 
shift and should, theiefore, be acquued more 
easily 

A theoiy that includes a mediating link 
(or lmks) between the external stimulus and 
the oveit response leads to a diffeient pie- 
dietion The mediating link is conceived of as 
a perceptual 01 veibal response, often covert, 
to the relevant dimension, which pioduces 
cues that elicit the oveit response In a re- 
versal shift, the initial dimension maintains 
its relevance, hence, so does the mediated 
lesponse Only the overt response needs to 
be changed, and since the experimental situ- 
ation provides only one alternative overt re- 
sponse, the problem presents no great diffi- 
culty In a nonreversal shift the pieviously 
acquued mediation is no longer relevant, 
consequently both the mediating and overt 
lesponse must be replaced, making the task 
more difficult than a reversal shift It is 
theiefore to be expected that foi subjects 
who mediate, a reversal shift will be acquired 
more easily than a nonreversal shift (Kendler, 
1963, pp 35-36) 

Eaiher research had demonstrated that 
leveisal shifts are more difficult for lower 
animals but nomeversal shifts are more dif- 
ficult foi human adults Reseaich with chil- 
dren was undertaken to determine whether 
a transition period might be found durmg 
childhood, before which children’s perform- 
ance would be similar to that of lower animals 
and aftei which children would perform m 
the fashion of adults In an initial study 
(Kendler and Kendler, 1959), 5- and 6-year- 
olds were used as Ss Overall, the children 
did not peiform more poorly on one type of 
shift than the other, apparently contradicting 
the piedictions made from both the single-unit 
and mediational positions However, when 
the Ss were separated according to the ease 
with which they had learned the initial dis- 
crimination (above and below the median 
number of training trials) , slow learners were 
found to learn the reversal shift more slowly 
than the nonreyersal shifty whereas fast 
learners learned the reversal shift more 
rapidly than the nonreveisal shift The de- 
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duction was made that the fast learners had 
approached the task with verbal labels, which 
facilitated both original learning and reversal 
performance, whereas the slow learners had 
not 

Shifting the age level downward should 
provide some clarification of the first study, 
for with 3- to 5-year-olds, who presumably 
are less likely to utilize verbal mediators, 
reversal learning should be more difficult 
than nonreversal learning This was found 
to be true (Kendler, Kendler, and Wells, 
1960) There was negative transfer from the 
training trials for a reversal shift but positive 
transfer for a nonreversal shift The impact 
of the results is weakened, however, by the 
fact that Ss who were required to verbalize 
the basis of response during the terminal 
phase of the training trials performed no 
differently from those who were not required 
to verbalize, even though the use of verbal 
labels had been assumed to be helpful m 
reversal learning The authors were forced to 
conclude that at this stage * veibal lesponses, 
though available, do not readily mediate be- 
tween external stimuli and overt responses, 
but rather form parallel connections with 
little or no interaction” (p 87) 

Relevant verbalization also failed to pro- 
duce faster reversal learning with 4- and 7- 
year-old Ss in a subsequent study (Kendler 
and Kendler, 1961) Verbalization exerted a 
significant influence on performance only 
when Ss were required to use irrelevant ver- 
balizations during training (by labeling the 
irrelevant cue), and even then interference 
was found only in the performance of the 
older Ss An unsystematic relation between 
verbalization and performance was evident 
m the performance of kindergarten Ss in a 
later study (Kendler, 1964), where Ss were 
told the basis for correct response and re- 
quired to verbalize this prior to making each 
choice during the training trials When the 
reinforcement contingencies were reversed, 
many Ss continued to verbalize the previously 
appropriate statement — while making the op- 
posite choice from that embodied m their 
verbalizations! 

The “optional shift" technique has been 
used to provide an indication of S’s tendency 
to use reversal or nonreversal modes of re- 
sponse (Kendler, Kendler, and Leamard, 
1962) Optional shift studies are conducted 


m three phases During initial training Ss are 
presented two pairs of stimuli whose members 
differ m size and brightness One attribute of 
one dimension is reinforced, for example, 
black One pair of the original stimuli is re- 
tained m a second phase, but white is now 
reinfoiced Since m this example the white 
stimulus may also be the small stimulus, Ss 
could be learning to respond m the second 
phase on the basis of brightness (reversal 
shift) or size (nonieversal shift) A test then 
is conducted with the pair of stimuli used 
m the second phase and an additional pan 
of stimuli including, say, a large white stim- 
ulus and a small black stimulus Choices of 
either of the latter stimuli aie lemforced If 
S chooses the white stimulus of the second 
pair on 8 of the 10 test trials he is classified 
as having shown a leversal shift, and if he 
chooses the black (small) stimulus he is 
classified as having shown a nonreveisal shift 
Five age levels weie sampled the mean ages 
weie 3, 4, 6, 8, and 10 years The peicentage 
of Ss demonstrating reveisal shifts mci eased 
with increasing age, as was predicted, but 
contrary to the predictions, the peicentage of 
Ss demonstrating nonieversal shifts did not 
change Rathei, a decrease was found m the 
peicentage of Ss lespondmg m an inconsistent 
fashion 

The technique was used by Kendler ( 1964) 
with kindergarten children m a study of the 
effects of veibalization on performance The 
propoition of Ss demonstrating leversal shifts 
was highei among Ss who were lequned to 
verbalize the basis of their response than 
among those who weie not requited to ver- 
balize As indicated previously, some of the 
Ss m the second phase continued to verbalize 
the response that was appropnate to the first 
phase but was now mappiopnate When the 
study was repeated and only relevant ver- 
balization was permitted in the second phase, 
the incidence of leveisal shifts was higher 
in the verbalizing than m the nonveibalizing 
groups — but only when brightness was the 
initially relevant dimension When it was 
shape, there was no significant diffeience 
between the verbalizers and the nonverbal- 
lzers, (In this, as m all of the studies, the 
training conditions were countei balanced so 
that each attribute of each dimension was 
relevant for one-foui th of the Ss ) 

Since rate of learning was correlated with 
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the frequency of reversal shifts, it is possible 
that the results may be attributable to the 
number of training trials, rather than to the 
operation of verbal mediation To determine 
whether larger amounts of training would 
produce a lowei incidence of reversal learn- 
ing, Kendler and Kendler (1966) gave half 
of their Ss 16 and half 36 training trials on 
the original discrimination Within this range, 
there was no significant effect of increasing 
the number of training trials Nine-year-old 
Ss did, however, make moie optional reversals 
than did 4-year-olds 

The work of the Kendlers is cential, but 
it comprises only a small portion of the re- 
search on revei sal-nonreversal shifts Scores 
of studies have been published, researchers 
have been stimulated both by the Kendlers* 
work and by the work of others on the role 
of attention m discrimination learning (Mack- 
intosh, 1965, Sutheiland, 1964, Zeaman and 
House, 1963) As more and more data have 
come in, theoretical notions about reversal- 
nonreversal problems have met the same fate 
as the early ideas about transposition the 
problems have proved to be so complex that 
none of the theories is capable of handling 
the essential results Each can incorporate 
part, but conditions can be real ranged easily 
so that quite different results aie obtained 
There were enough hmts m the equivocal 
findings m much of the Kendlers* own re- 
search to indicate that later studies would 
topple some of the central units m the struc- 
ture they had built It appears that theories 
about childien*s learning must be judged 
effective if they produce sufficient data to 
insure their own demise! This would be a 
depressing fate if it were not also evident 
that theie has been progress, if progress is 
viewed as the ability to ask increasingly 
sophisticated questions 

The research on the effects of overtraining 
on reversal learning is a good example of the 
transformations that occur when the studies 
start by asking a seemingly simple question 
The effects of overtiaming have been in- 
vestigated extensively with animals, and gen- 
erally oveitiammg has been found to facil- 
itate level sal learning (Sperling, 1965) The 
results from a number of studies of object 
discriminations with children reached the 
same conclusion (Cross and Tyler, 1966, 
Eimas, 1966b, Fuith and Youmss, 1964, 


Marsh, 1964, Tighe and Tighe, 1966, Youmss 
and Furth, 1964a, 1964b, 1965) In spatial 
discriminations, however, overtraining had no 
effect or a detrimental effect on reversal 
learning (Eimas, 1966b, Stevenson and Weir, 
1959a, Youmss and Furth, 1964b), but, as 
was found m the last study, the addition of 
irrelevant, nonspatial cues may result in a 
facilitative effect of overtraining m spatial 
discriminations Overtraining also facilitates 
the learning of intradimensional shifts, where 
new stimuli fiom the same relevant dimension 
are substituted for the training stimuli 
(Eimas, 1966a, Furth and Youmss, 1964, 
Heal, 1966) On the other hand, overtraining 
has been found to have variable effects on 
the rate of learning extra dimensional shifts, 
where the second set of stimuli is from a 
new stimulus dimension In general, then, 
overtraining increases the ease of learning 
a reversal or intradimensional shift, thereby 
producing the same effect found with the 
introduction of verbal mediation Such a 
conclusion, however, is subject to several 
qualifications 

Gollm (1964) found that although over- 
training facilitated reversal perfoimance of 
4J4- to 5j4-year-olds, it had a detrimental 
effect on the performance of 334- to 4 J4- 
yeai-olds The facilitative effect of overtrain- 
ing also was lestncted to the older Ss m a 
study of 3- and 4-year-olds by Tighe and 
Tighe (1966) In addition, the effects in the 
last study were dependent upon the stimulus 
dimension relevant during original learning 
Practically all Ss for whom the relevant di- 
mension was height reversed without over- 
training, but when diagonal and vertical 
stnpes were the relevant dimension, piacti- 
cally none of the Ss reversed without over- 
training After overtraining, the 4-year-olds 
in the latter group showed significantly more 
reversals, but there was no change in the 
performance of the 3-year-olds The fre- 
quency of reversal shifts by 8- and 10-year- 
olds also has been found to differ, depending 
upon the dimension that was relevant during 
the training trials (Eimas, 1967) The fre- 
quency of reversal shifts was greater when 
the lelevant dimension was size than when 
it was bughtness Thus the frequency of re- 
versal shifts may depend upon the saliency 
of the stimuli and overtraining may interact 
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with saliency of stimuli and age in its effects 
on reversal learning 

Jeffrey (1965) has reported a study that 
shows how a modest change m the testing 
procedure can produce results that have a 
destructive effect on any theory that postu- 
lates changes with age in the ease of reversal 
learning The study included 4-, 6-, and 8- 
year-olds and college students The Ss were 
trained on a color discrimination and after 
reachmg criterion the previously nonrem- 
forced simulus was now reinforced In addi- 
tion to changing the reinforcement contingen- 
cies, the form of the stimuli was changed 
fiom circles to squaies With this pioceduie, 
there were no developmental changes m ease 
of reversal learning Such results may be in- 
terpreted as indicating that young childi en’s 
difficulty in leveisal learning may be due to a 
difficulty m abstracting a single common di- 
mension among the stimuli rather than to a 
lack of verbal mediation Changing one as- 
pect of the cues between the tiammg and test 
trials apparently emphasized a commonality 
between the two sets of trials that otherwise 
would have been difficult for the younger Ss 
to recognize 

An additional feature of Eimas” (1967) 
study should be discussed, since it introduced 
another variable that interacts with ovei- 
traimng in influencing reversal peiformance 
The Ss were trained m the * optional shift” 
technique, half with a constant irrelevant di- 
mension, and half with a variable u relevant 
dimension More reversal shifts were made 
by the latter than by the former Ss Fuithei, 
overtraining increased the frequency of re- 
versal shifts following variable irrelevant train- 
ing but decreased the fiequency following 
constant irrelevant training The results are 
interpreted according to the two-stage atten- 
tion theory of Zeaman and House (1963), 
summarized by Eimas as follows 

According to this model, discrimination 
learning requires the acquisition of a chain 
of two responses, the first a mediating atten- 
tion response to the relevant stimulus di- 
mension, and the second, an instrumental 
choice response to one of the outputs of the 
attention response — the positive discriminan- 
dum Furthermore, during original learning, 
overtraining is assumed to increase the prob- 
ability of attending to the relevant dimension 


without diffeientially affecting instrumental 
habits, at least to any considerable degree 
A major assumption of the model, related to 
transfer-of-discnmmation learning, is that 
both members of the response chain transfei 
across problems, provided that other stimulus 
arrangements or dimensions that function to 
divert the locus of attention fiom the pre- 
viously relevant dimension are not mtioduced 
(Eimas, 1967, p 338) 

The mtioduction of the novel stimuli on 
the shift trials is assumed to constitute a 
source of diversion of attention, with maximal 
effects occurring following overtraining on a 
constant irrelevant dimension The incidence 
of reversal shifts is assumed to be decreased 
after overtiammg with constant irrelevant 
stimuli because of S’s heightened tendency 
to lespond to the new cues mtioduced on the 
shift trials The high incidence of reversals 
without overtraining with vanable melevant 
stimuli is interpreted as indicating that at- 
tention was maintained toward the originally 
relevant dimension, despite the fact that only 
one of the original pairs of cues was retained 
in the shift trials 

These and othei studies provide informa- 
tion about the Kendlers” notions about the 
effects of veibal mediation on reversal Ac- 
cording to the Kendleis, following the attain- 
ment of cntenon on the first task, preschool 
Ss should learn a nomeveisal shift more 
rapidly than a leveisal shift, but older Ss 
should leain the reveisal shift more rapidly 
Evidence m support of the first piediction 
was found in studies by Maish (1966) and 
Saravo (1967) There was no difference be- 
tween the two types of shifts by the preschool 
Ss tested by Cobb and Trice (1966) The 
second prediction also has received some 
support Reversal shifts were learned more 
easily than nonreversal shifts by elementary 
school Ss m a study by Saravo (1967) when 
there were two or more dimensions varying 
simultaneously, and in a study by Sanders, 
Ross, and Heal (1965) No shift differences 
were found by Youniss and Fuith (1965) 
for Ss of these ages 

Similar predictions would be made for 
mtradimensional shifts An mtradimensional 
shift should be learned more rapidly by older 
Ss than an extradimensional shift, for the Ss 
should find it more difficult to adopt a new 



LEARNING IN CHILDREN 891 


mediator, as would be necessary m the ex- 
tradimensional shift, than to continue to apply 
the old mediator with new specific designa- 
tions, as would be necessary in the mtradi- 
mensional shift The studies by Ermas 
(1966a), Furth and Youniss (1964), and 
Heal (1966) support such a deduction Simi- 
lar results were found for kindergarten Ss 
in a study by Trabasso, Deutsch, and Gelman 
(1966) when the stimuli were objects differ- 
ing m color and shape, but the two types 
of shifts were of equivalent difficulty when 
the stimuli were patterns More rapid learn- 
ing of mtradimensional shifts was found by 
Dickerson (1966) for preschool Ss, who, 
according to the predictions, should learn the 
extradimensional shift more easily The meth- 
odology of this study has been criticized by 
Tighe and Tighe (1967), who found that if 
4-year-olds are trained m a fashion compara- 
ble to that used in the other studies, extra- 
dimensional shifts were learned more rapidly 
than mtradimensional shifts 

The majority of the results tend to be in 
line with the predictions that age — and pre- 
sumably level of verbal facility — interacts 
with type of shift When verbalization is 
directly manipulated, however, the results 
turn out to be more elusive The results of 
Silverman (1966) offer cleai support for the 
facilitative effects of verbalization, for 3- and 
4-, as well as 7- and 8-year-olds, learned a 
reversal shift more rapidly when they were 
required to verbalize the relevant dimension 
during training than when they were not No 
overall facilitating effects were reported by 
Morse and Shepp (1967) when kindergarten 
and first-grade Ss were required to verbalize 
during the training trials Among the mtra- 
dimensional shift Ss, however, those who 
spontaneously continued to verbalize during 
the shift problem learned more rapidly than 
did those who abandoned verbalization after 
the training trials For the oldei Ss, verbali- 
zation impeded the learning of extradimen- 
sional shift problems Unexpectedly, the 
kindergarten Ss who verbalized during the 
training period learned both types of prob- 
lems more slowly than did those who did not 
verbalize 

Blank (1966), who informed half of her 
preschool Ss of the solution to the training 
problem, found that such information did not 
help Ss significantly on a reversal problem, 


for their performance was similar to that of 
groups for whom the correct responses were 
not labeled Similarly, Cobb and Price (1966) 
found no differences in the performances of 
preschool Ss who were given pretiainmg m 
learning relevant or irrelevant labels for the 
discriminative stimuli Whatever the ultimate 
resolution of the sources of discrepancies 
among these studies, it is obvious that ver- 
balization does not necessanly result m more 
effective learning of reversal and mtradimen- 
sional shift problems 

One of the incidental results of a number 
of studies is the finding that the ease of 
making a reversal shift differs, depending 
upon the characteristics of the stimulus di- 
mension that was lelevant during training 
Smiley and Weir (1966) investigated this 
problem directly by selecting color and form, 
dimensions for which Ss were known to have 
different preferences The optional shift tech- 
nique was used with kindergarten children 
Prior to being presented the training problem, 
the Ss were given two series of trials on the 
basis of which they could be classified as 
being color or form dommant During the 
training tnals, either the dominant or non- 
dominant dimension was reinforced In the 
test senes, a reversal shift was shown by £5 
of the 32 Ss for whom the dominant dimen- 
sion had been correct but only 8 of the 32 
Ss for whom the nondominant dimension had 
been correct In contrast to earlier findings, 
learning speed was not related to the inci- 
dence of reversal shifts but was significantly 
faster for Ss whose preferred dimension had 
been remforced There is a strong suggestion 
in these results that both rate of learning 
and frequency of reversal shifts may be a 
function of dimensional dominance rather 
than the operation of mediators, such that 
both speed of learning and frequency of 
reversals are increased if there is a fortuitous 
assignment of Ss to the condition m which 
their preferred dimension is remforced 

Prior expenence m differentiating the crit- 
ical differences among the training stimuli 
has been found to decrease the number of 
trials required to learn a reversal shift (Tighe, 
1965) The Ss who were given pretrainmg 
m making same-different judgments with the 
training stimuli learned a reversal shift more 
rapidly than did Ss who were given uxelevent 
pretrainmg in a control group or who were 
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presented a nonreversal shift Another im- 
portant and related variable has been isolated 
by Johnson and White (1967) m a study 
of 6- and 7-year-olds Some of the Ss weie 
pretrained with problems involving the or- 
dering of stimuli on a dimension Those above 
the median in performance on these tests 
made significantly fewer enors m the rever- 
sal problem than did those below the median 
Thus reversal shifts are moie likely to occur 
when the Ss had a more highly developed 
concept of dimensionality A final study of 
pretraining by Vaughter and Cross (1965) 
found that pnor expenence with both stimuli 
used in a reveisal task produced supenoi 
performance to that found when the experi- 
ence was limited to one of the stimuli oi 
when no piehmmary expenence was given 

A complex but elucidating study by Mum- 
bauer and Odom (1967) assessed the roles 
of verbalization, overtraining, and dimen- 
sional pieference on reversal, mtradimen- 
sional, and extradimensional shift problems 
Preschool Ss weie tested with stimuli that 
differed in form and coloi Initial learning 
was faster when the Ss were lequned to ver- 
balize prior to responding and when Ss were 
tested with form as the relevant dimension 
A significant interaction between verbaliza- 
tion and dimension indicated that veibahzing 
had no influence on the performance of Ss 
for whom form was the relevant dimension, 
but it facilitated performance when color was 
relevant 

In the shift trials, the mam effects of ver- 
balization, dimension, and type of shift were 
significant Learning was faster for Ss who 
verbalized, for whom foim was correct, and 
extradimensional shifts were harder to learn 
than the other two types of shift Several sig- 
nificant interactions weie obtained, and the 
general pattern m these interactions was for 
the performance of one of the groups to di- 
verge from that of the other groups, which 
did not differ significantly In the verbaliza- 
tion by overtraining interaction, Ss who had 
not verbalized and who were not oveitramed 
required approximately twice as many trials 
to learn the discriminations as did the Ss m 
the other three groups The divergent group 
m the significant verbalization-by-dimension 
interaction was the nonverbalizing-color Ss, 
in the overtraining-by-dimension interaction 
it was the nonovertramed-color Ss; and m 


the shift-by-dimension interaction it was the 
extradimensional shift-color Ss Possibly the 
most critical is the shift-by-dimension inter- 
action, which indicated that only extiadimen- 
sional shift Ss shifted to color differed signif- 
icantly from the other groups Diffeiences in 
shift peiformance therefore appear to be a 
lesult of dimensional prefeiences rather than 
the operation of a mediation process The 
interaction between verbalization and over- 
training, indicate that these vanables produce 
similai but noncumulative effects on shift per- 
formance 

These, then, aie some of the moie important 
studies on leversal shifts The Kendlers* posi- 
tion has been emphasized, foi their arguments 
and the lesearch done to evaluate then pre- 
dictions have had the gieatest impact on re- 
search m this aiea For obvious leasons, 
summary statements are difficult to make 
Judgmg by the deluge of recent publications, 
the investigation of shift behavior has been 
considered to be important, primarily as a 
means of investigating the relation between 
the learning and the development of lan- 
guage The hypothesis that performance be- 
tween the preschool and elementary school 
years is increasingly influenced by verbal 
mediation at first appealed to be attractive 
m its simplicity and clarity. The studies do 
not necessarily invalidate the hypothesis, but 
performance that was assumed to be depend- 
ent upon mediation can occur without it, and 
stimulus vanables and tiaming procedures 
appear to exert at least as stiong an influence 
on children's performance 

VERBAL MEDIATION 

Several other studies have been concerned 
with developmental changes in verbal media- 
tion For example, changes m the use of ver- 
bal mediation have been posited to he the 
basis for developmental changes m double-al- 
ternation behavior (Pufall and Furth, 1966) 
Developmental changes found in this problem 
closely correspond to those found foi the other 
types of problem discussed Four-year-olds 
had great difficulty m learning a LLRR pat- 
tern, but by age 6 the number of children ac- 
quiring the rule reached an asymptote not 
exceeded by children as old as 9 

Two periods in development are cleaily de- 
fined’ very early childhood, where relevant 
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language has not been acquired and hence 
the child is incapable of using verbal media- 
tors, and adulthood, wheie behavior is largely 
under the control of verbal mediators As has 
been pointed out by Reese (1962b), there is 
a period in early childhood where verbal re- 
sponses do not seem to serve as mediators, 
even though the child is capable of using 
words This "mediational deficiency” has been 
noted by Kuenne (1946), Kendler, Kendler, 
and Wells (1960), and Luria (1957) A re- 
cent article by Flavell, Beach, and Chmsky 
(1966) conti asts this view, which asserts that 
the child's verbalizations fail to influence his 
behavior, with a "pioduction deficiency hy- 
pothesis,” which pioposes that "the younger 
child tends not to produce the relevant woids 
in the first place, and this suffices to explain 
the appaient nonmediated chaiactenstics of 
his overt task behavior It is stipulated that he 
knows the lelevant words and that he can and 
does produce them m some situations, his de- 
ficiency here consists solely in the fact that 
this particulai task (or perhaps task-like situ- 
ations m general) fails to elicit them” (p 
284) 

In a test of this hypothesis, 5-, 8-, and 10- 
year-old Ss were piesented a recall task, dur- 
ing which the experimenter hp-iead by ob- 
serving the child as he perfoimed Eighteen 
of the 20 youngest Ss, but only 3 of the 20 
oldest Ss, showed no peiceptible evidence of 
veibal rehearsal Only 1 of the youngest Ss, 
but 13 of the oldest Ss, showed three or more 
instances of peiceptible verbalization No de- 
finitive interpretation of the mechanism un- 
dei lying these changes was possible, but the 
results suppoit a view that words may play a ' 
less impoitant role m the behavior of young 
children, not because they are elicited and fail 
to be effective m directing behavior, but sim-i 
ply because they ai e not used The relation of 
learning and language is bound to continue to 
be an important topic for further research 

PROBABILITY LEARNING 

The structure of a probability learning task 
is similar to that of a discrimination learning 
task, except that the probability that response 
will lead to reinforcement is less than 1 00 
The problem would be of little interest if 
children simply learned to make the response 
that led to the greatest frequency of rein- 


forcement more slowly than they would if the 
response were leinforced consistently But they 
do not Further, lesearch with children would 
add little to the body of information about 
probability learning if the proportion of times 
with which children ultimately selected the 
more frequently reinforcing stimulus reached 
an asymptotic level equal to the probability 
with which the response was reinfoiced, a re- 
sult that is commonly found with adults But, 
again, they do not Childien's performance 
changes with age and other variables interact 
with age m then influence on the choices chil- 
dren make 

The apparent simplicity of the piobability 
learning task is deceptive As shall be seen, 
the alteration of the schedule of reinforcement 
transforms a discrimination learning task into 
one that lies along the hazy boundary sepa- 
latmg learning and problem solving Since no 
solution yields consistent remfoi cement, Ss 
aie required to function as prediction-makers 
to a gi eater degree than in other learning 
pioblems Because of this, the task has been 
used to delineate the role of moie complex 
processes, such as sets and strategies, m chil- 
dren's performance at diffeient ages Although 
in many cases the studies have produced dif- 
ferent and unreconciled lesults, the topics will 
be discussed in some detail because of the 
potential importance of many of the variables 
in the description of developmental changes 
m childien's learning 

Most of the research has been conducted 
with two types of problems In the two-choice 
problem, choices of one stimulus are rein- 
forced, say, 75% of the time and choices of the 
other stimulus are reinforced 25% of the time, 
The schedule of lemforcement maybe contin- 
gent upon response, as indicated m this ex- 
ample, or may be noncontmgent on lesponse 
m that remfoi cement is potentially available 
but not necessarily obtained, for 75% of the 
choices of one stimulus and 25% of the choice 
of the other A three-choice spatial problem 
also has been used in which choices of one 
position are remfoi ced, for example, 66 or 
33% of the time, and choices of the othei two 
positions are never reinforced 

Developmental Changes 

Among the first questions asked in studies 
with children was whether then performance 
changed with age, and, if so, what trend these 
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changes might follow An answer was ob- 
tained by Weir (1964a) who consolidated the 
data from a number of studies to produce a 
picture of changes among 3 to 18 years The 
intermediate ages included 5-, 7-, 9-, 11-, and 
15-year-olds All had been tested with the 
three-choice problem under the same expen- 
mental conditions Terminal levels of response, 
as indicated by the average numbers of re- 
sponsesmade to theremfoiced stimulus during 
the last 20 of the 80 trials presented, plotted 
according to age, produced a U-shaped func- 
tion With both 33 and 66% reinforcement, 
performance of the youngest and the oldest 
Ss exceeded that of Ss m the middle years of 
childhood The rate at which these levels 
were approached was more rapid for the 
youngest than for the oldest Ss, whereas the 
performance of the middle groups tended to 
change very slowly or not at all The general 
relations described by Weir have been found 
m the two-choice problem by Derlcs and Pac- 
hsanu (1967) for eight groups of Ss varying 
in age from 4 to 21 years, and portions of the 
curve have been replicated in other studies 
with both three-choice (Odom, 1967) and 
two-choice problems (Jones and Liverant, 
1960) 

Such age differences are interesting m them- 
selves, but unless efforts are made to under- 
stand the underlying processes, the data con- 
stitute little more than another descriptive 
statement about normative changes m behav- 
ior One bit of evidence that might indicate 
something about Ss ’ expectancies about the 
task may be obtained by determining the pro- 
portion of Ss at each age level who show max- 
imizing behavioi by the end of training, that 
is, the proportion of Ss who consistently choose 
the more frequently reinforcing stimulus If 
Ss believe a solution yielding consistent rein- 
forcement is possible, they should continue 
to vary their behavior m an effort to find such 
a solution, If, on the other hand, they do not 
have such expectancies, or if such expectan- 
cies have been extinguished, they should 
settle on a response that yields the greatest 
payoff Weir (1964a) found that the propor- 
tion of Ss at each age level who show maxi- 
mizing behavior m the three-choice problem 
followed a U-shaped function, indicating that 
the youngest Ss seemingly did not tend to 
have such expectancies and the oldest Ss ap- 
parently gave up such expectancies when they 


found they were mcapable of obtaining con- 
sistent reinforcement 

Another indication of the strategies em- 
ployed by the Ss is the proportion of Ss who 
follow a simple LMR or RML spatial pattern 
of responses Now, an inverted U-shaped func- 
tion was obtained Children between ages 7 
and 10 employed these patterns with a high 
frequency, whereas both the youngest and old- 
est Ss used them less often When Weir plotted 
the number of alternation patterns obtained m 
studies using a two-choice problem, an in- 
verted U-shaped function again was found 
It was suggested, m accounting for the fre- 
quent use of simple stereotyped patterns by 
the middle-aged child, that "the 7- to 10-year- 
old is at a point m development where his 
ability to geneiate complex hypotheses and 
employ complex search strategies is growing 
at a faster pace than his mformation-proc- 
essmg ability” (Weir, 1964a, p 481) A more 
detailed discussion of this point will be made 
later 

A final analysis examined the effects of re- 
inforcement and nonreinforcement on the Ss 9 
tendencies to lepeat a response The youngest 
Ss were more likely to repeat a response, re- 
gardless of whether it was correct or incor- 
rect, and the older Ss tended to show a win- 
shift, lose-shift strategy Again, the relation 
between incidence of response repetition and 
age was curvilinear, with the Ss between 7 
and 15 yeais more likely to adopt the win- 
stay, lose-shift stiategy In summarizing these 
analyses, Weir concluded that the develop- 
1 mental changes in probability learning are a 
consequence of "differential growth of the 
ability to geneiate hypotheses and employ 
strategies and the ability to process informa- 
tion Ss gam from then own responding” 
(Wen, 1964a, p 473). 

The possibility that level of performance 
m a probability learning task may depend 
upon Ss' expectancies for lemforcement was 
tested in a study by Stevenson and Zigler 
( 1 958 ) The finding of an initial study that the 
asymptotic level of response was higher for 
institutionalized letaided childien than foi 
nonmstitutionahzed normal children led to 
the hypothesis that the fust group had learned 
fio-m their everyday experience to expect 
lower degrees of success than had the latter 
Ss, thus making it easier for them to accept a 
solution that yielded only partial reinforce- 
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ment In a second study, normal preschool Ss 
were given pretrammg games m which they 
experienced either uniformly high or low de- 
grees of success Following this, the Ss were 
presented the three-choice task with a 66-0- 
' 0% schedule of reinforcement The prediction 
that Ss who had experienced low degiees of 
success m the pretrammg games would per- 
form at a higher level than those who had 
experienced a high degree of success was sup- 
ported 

A subsequent study by Gruen and Zigler 
(1968) contrasted the peiformance of mid- 
dle- and lower-class 6-year-olds It was as- 
sumed that lower-class children have a back- 
ground of moie frequent failure than middle- 
class children, thus, following the reasoning 
just outlined, lower-class Ss should show a 
higher frequency of response to the reinforc- 
ing stimulus than middle-class Ss The results 
supported this assumption Success and fail- 
ure experiences also were provided m a pre- 
training period, but they had no overall effect 
on performance When, however, separate an- 
alyses were made according to social class, it 
was found that for the middle-class Ss, pre- 
traimng with low degrees of success increased 
the frequency of choices of the reinforcing 
stimulus over that found following pretrammg 
with high degrees of success The performance 
of the lower-class Ss was not influenced by 
pretrammg The short-term manipulation of 
success appeared to be insufficient to over- 
come the expectancies of the lower-class Ss 
regarding their potential for success 

Similar results were obtained by Odom 
(1967) m a study of 5-, 6-, and 10-year-old 
middle- and lower-class children Lower-class 
Ss made a significantly higher fiequency of 
response to the reinforced stimulus than did 
middle-class Ss Lower-class Ss tended to 
make fewer pattern responses than middle- 
class Ss m both this and the previous study, 
which may indicate that the middle-class Ss 
demonstrated a higher level of cognitive de- 
velopment In neither study, however, was 
theie a significant within-group relation be- 
tween IQ and frequency of correct response 

One of the arguments made by Weir (1964- 
a) was that, unlike younger Ss, Ss between 
the ages of 9 and 12 are able to develop 
patterned response strategies m the probabil- 
ity learning task, but, unlike still older Ss, they 
are unable to reject these simple strategies if 


they do not pay off consistently Weir sug- 
gested that inadequate memory of past events 
and their outcome is lesponsible* for such 
behavior This possibility was investigated 
(Weir, 1967) by providing children with a 
memory-aid The Ss were 6- and 9-year-olds 
and adults, half tested with a memory-aid and 
half without In the memory condition the Ss 
were given a board in which pegs could be 
inserted to mark the lesponse (LMR) just 
made and its outcome There was a significant 
interaction between condition and age the 
performance of the adult Ss was not influ- 
enced by the memory-aid, the performance 
of the 9-year-olds, as predicted, was higher 
with the memory-aid than without it, and the 
performance of the 6-year-olds was lowei with 
the memory aid, apparently because they 
failed to undei stand its use and it consequently 
became an irrelevant task that disrupted per- 
formance The results of a second study with 
5- and 9-year-olds and adults revealed that 
the memory-aid had other functions than 
merely indicating the locus of reinforcement 
When three containers, each located below 
the response button, were used, performance 
did not differ from that found with only one 
central container This lesult was not unex- 
pected, for m previous studies, all of which 
used only one cential container, Ss usually 
were able to identify the locus of lemforce- 
ment, despite the fact that they failed to se- 
lect it consistently 

The results of several additional develop- 
mental studies can be noted briefly The only 
exception to the previously discussed develop- 
mental changes in performance was found by 
Craig and Myers (1963) Kindergarten Ss 
performed at a lower level than fourth and 
eighth graders m a two-choice problem. The 
use of a noncontingent schedule may account 
for the different results, but why this should 
be so is not clear Kessen and Kessen (1961) 
contrasted the behavior of youngei and older 
Ss, with median ages of 3 and 4 £4 years, 
m a two-choice problem where the probabili- 
ties of reinforcement changed in the middle 
of the experiment The younger Ss showed a 
greater reluctance to give up a rule that had 
previously been established and continued to 
respond m the second period on the basis of 
the schedule that had been m effect during 
the first penod The older Ss, however, were 
able to modify their performance as a func- 
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tion of the changed probabilities A 1 elated 
effect was found by Odom and Coon (1966) 
The LMR pattern of responses were reinforced 
in the three-choice problem for 90 trials, after 
which 20 extinction trials were presented Six- 
year-olds were unable to give up the pattern 
response when it was no longei lemforced, 
but 11- and 19-year-olds showed clear evi- 
dence of extinction 

A variant of the probability learning task 
was used m a hide-and-seek game presented 
to Ss at ages 3 to 5, 7 to 8, and 10 to 12 years 
by Stevenson and Odom (1964) The E hid 
objects m three boxes so that the peicentage 
of remf oi cement for choices of the various 
boxes was 75, 25, or 0% On alternate trials 
S hid objects, and E looked m S ’ s boxes ac- 
cording to a random schedule or a fixed sched- 
ule of 75-25-0% responses to the three boxes 
Had the Ss adopted the optimal strategy for 
seeking by looking m the experimenter’s 75% 
box and for hiding by placing their objects in 
the 0% box, a con elation between these two 
behaviors should have been obtained There 
was no significant relation, however, between 
Ss* frequency of seeking m E’s 75% box and 
of hidmg m the 0% box at any age level, in- 
dicating that the strategy for response differed 
according to S*s role as seeker or hider As 
was found in the other tasks, however, Ss 
tended, with mci easing age, to be more vari- 
able m their seeking behavior, to vary their 
responses more fiequently after both rein- 
forcement and nom enforcement, to adopt 
patterned responses more frequently, and to 
utilize positional responses less frequently In 
their hiding behavior Ss in the fixed condition 
did not relinquish the use of the 75% box, 
but they did show less variable behavior in 
this than m the random condition The diffei- 
ence m performance between the two condi- 
tions was greater foi the two oldest than for 
the youngest groups of Ss 

The study was repeated by Odom ( 1966a) , 
but sex of E m relation to sex of S was varied 
The Es hid trinkets m only one of the three 
boxes 66% of the time, and their seeking le- 
sponses followed a random schedule A signifi- 
cant sex of E by sex of S interaction was 
found with the 6-year-old Ss’ boys made more 
correct responses than girls when E was a 
female, and girls made more correct 1 espouses 
than boys when E was a male Thus the social 
setting, as well as the other variables that 


have been discussed, may influence children s 
behavior m a probability learning task 

No sex differences in probability learning 
have been found, but the results of a study by 
Kass (1964) indicate that boys may be more 
likely to select situations that yield high or 
intermediate levels of reinforcement than are 
guls, who aie moie likely to select a situation 
that yields a low but consistent level of rein- 
forcement These results were denved fiom 
a study of children’s choices of slot machines 
that were programmed so that each had an 
equal expected monetary return but a differ- 
ent probability of payoff 

Finally, Giatch (1964) studied possible 
diffeiences m children’s dependency upon 
adult approval of their performance m a prob- 
abilistic task at ages 6, 9, and 11 years Two 
decks of caids diffeied m then construction so 
that one of two cards was more likely to ap- 
pear m one deck than in the other Teachers’ 
ratings weie obtained of the degree to which 
the children weie dependent upon adult ap- 
proval The Ss were given piactice on the two 
decks and then were asked whether or not 
they wished, in subsequent trials, to wager 
candy they had been given The more de- 
pendent childien showed a greater unwilling- 
ness to make such wagers than the less de- 
pendent children, but no differences m their 
actual guessing behavioi weie found The 
older children evidenced more undei standing 
of the structure of the task than the 6-year- 
olds, whose guesses were approximately the 
same for the two decks 

Incentive Effects 

Incentive effects m piobabihty learning gen- \ 
erally have been studied on the assumption 
that effects found with no manifest incentives 
or with incentives of low value would be mag- 
nified when incentives weie introduced, Brack- 
bill, Kappy, and Stair (1962), for example, 
assumed that “Ss will maximize gam to the 
extent that there is something tangible to be 
gained by so doing” (p 32) Foi each cor- 
rect guess m a two-choice problem Ss were 
given 0, 1, 3, or 5 maibles which later could 
be turned m for a prize The greatest diffei- 
ence m level of responding was attributable 
to the piesence or absence of leward, but a 
decreasing hierarchy of "correct” responses 
(i e , lesponses to the more frequently recur- 
ring stimulus) was found as the magnitude 
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of reward decreased Seveial other studies ob- 
tained similar findings Lower levels of asymp- 
totic response were found by Siegel aind An- 
drews (1962) with pieschool Ss when the 
rewards were of low value than when they 
were of high value Lewis, Wall, and Aron- 
freed (1963) found with 7-, but not 11-year- 
olds that the addition of suppoitive comments 
from the experimentei resulted m a signifi- 
cantly higher level of correct lespondmg than 
occurred when Ss were given only information 
about the outcome of their previous guesses 
The 6- and 7-yeai-olds m a study by Walters 
and Foote (1962) were more likely to make 
the conect response when they were given 
tokens that could be exchanged foi prizes than 
when they weie lewarded only with tokens 
Finally, Offenbach (1964) found a higher 
level of performance when kmdergaiten and 
fourth giade Ss weie reinforced with 1 or 3 
marbles that latei could be exchanged for a 
toy than whan no marbles were given for cor- 
rect response The Ss were penalized for in- 
correct response by being required to leturn 
an equivalent number of marbles 

An mtei action between incentive effects and 
social class was lepoited by Rosenhan (1966) 
Six-year-olds were praised for response to the 
more frequently reinforcing stimulus m a 
70 30 two-choice problem or weie given state- 
ments of disapproval following responses to 
the less frequently remfoiced side It was as- 
sumed that lower-class Ss are more sensitive 
to the responses of an adult than are middle- 
class children The prediction that perform- 
ance would be more strongly facilitated by 
praise in the lower than m the middle-class 
children was supported, as was the piediction 
that the performance of the lower-class chil- 
dren would be more disrupted by disapproval 
The performance of middle-class children fell 
between the two extremes formed by the 
lower-class children and showed a tendency 
to be highei in the disapproval condition 
The results of a study by Stevenson and 
Weir (1959b) were m the opposite direction 
from those found m the piecedmg studies 
When 5-year-olds were tested with the three- 
choice pioblem, higher levels of lesponse 
were obtained with incentives of low value 
than with incentives of high value, when the 
reinforced choice yielded both 66 and 33% 
reinforcement Although the results differ from 
those of the other studies, they aie in line 


with the assumption that incentives affect per- 
formance by determining the degree to which 
Ss will attempt to find a solution to the prob- 
lem If Ss peisist in attempting to find a solu- 
tion, they must continue to vary their behavior, 
thereby reducing the frequency with which 
they select the leinfoicmg stimulus Paradoxi- 
cally, then, the desne to obtain more incen- 
tives of high value should result in Ss' actually 
obtaining fewer reinforcements Results sim- 
ilar to those found m this study were obtained 
by Das and Panda (1963) 

Several studies have attempted to clarify 
the basis of these differences in incentive ef- 
fects Stevenson and Hoving (1964) noted 
that in addition to many piocedural differ- 
ences among the studies, the ages of the Ss 
also differed Therefore a study was undei- 
taken with 4-, 9-, 14-, and 20-yeai-olds with 
the three-choice problem and two levels of 
incentive A curvilmeai relation between fre- 
quency of conect response and age was ob- 
tained, and the interaction between age and 
level of incentive was significant The results 
of the Stevenson and Wen (1959b) study 
weie replicated foi the 4-year-olds For the 
two intermediate ages, the level of response 
of the high incentive group was below that of 
the low incentive group Level of incentive 
did not differentiate the performance of the 
oldest Ss It thus appeared that the youngest 
Ss weie performing m line with an expectancy 
theory, but that the performance of the older 
Ss could be predicted moie satisfactorily from 
a utility theory 

The effects of age and incentive value also 
were studied by Bisett and Riebei (1966) 
Prior to introducing the experimental task, 
the 6- to 7- and 10- to 1 1-year-old Ss were 
presented a variety of incentives m paired 
compansons to establish what, foi each child, 
was an incentive of high and low value, This 
procedure had not been followed m the pre- 
ceding studies, wheie differences m incentive 
value were established on the basis of the ex- 
perimenters judgment or from preferences 
children demonstrated m pretests When the 
Ss were tested m a two-choice task with only 
one alternative yielding reinforcement, a 
highei level of performance was found at 
both age levels foi Ss who were given incen- 
tives of high value 

Obviously, factors other than age must * 
play an important role m determining the ef- * 
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fects of incentives on probability learning 
Weir and Gruen (1965) investigated two 
other sources of differences, the number of 
choices and the type of problem The proto- 
types for the problems were the two-choice 
problem of Siegel and Andrews (1962) and 
the three-choice problem The conditions of 
the Siegel and Andrews study were replicated 
and extended to include thiee choices The 
three-choice problem was presented as it had 
been m previous studies and modified so that 
only two choices weie available The ratio 
of remforcement was 75 25 when theie weie 
two choices and 75 12 5 12 5 when there 
were three choices In all cases the Ss were 
preschool children The results were consis- 
tent but perplexing The Ss given a high level 
of incentive with the Siegel and Andrews two- 
choice problem performed at a higher level 
than the Ss given a low level of incentive 
(prizes versus knowledge of lesults), thus re- 
plicating die earlier results When the Siegel 
and Andrews task was extended to include 
three choices, no differences in performance 
accoidmg to level of incentive weie found 
Furthermore, with the standard three-choice 
problem, Ss performed at a lower level with 
high incentives than with low incentives, 
thereby replicating earlier findings with this 
problem When one of the alternative choices 
m the standard three-choice problem was 
eliminated, thus reducing it to a two-choice 
problem, the differences m performance be- 
tween the two incentive conditions were min- 
imal 

The results of these studies are tantalizing, 
for although the effects are replicable, the 
bases of the differences m results remain un- 
known In geneial, the study of the effects of 
incentives on childien s learning is a trouble- 
some topic In discrimination learning, dif- 
ferences m performance as a function of level 
of incentive were difficult to obtain, m piob- 
ability learning differences were easy to find 
but haid to undei stand 

Effects of Instructions 

It has been suggested m earlier studies and 
found in the direct verbalizations obtained 
by Stevenson and Weir (1963) during the 
course of Ss * performance that children enter 
the probability learning task with a strong 
expectation that consistent reinforcement is 
possible Instructions that there is or is not a 


method whereby such a frequency can be ob- 
tained therefore should have strong differen- 
tial effects on performance Weir (1962) in- 
vestigated this possibility by instructing Ss 
that there was a way of obtaining a reward 
on every tiial, that there was not a way, or by 
giving no instructions The Ss were 5- to 7- 
and 9-year-olds The three-choice pioblem 
was used with 50% reinforcement of one re- 
sponse The younger Ss perfoimed at a higher 
level than the older Ss, but there was no mam 
effect of instructions oi an intei action be- 
tween instructions and age 

A subsequent study by Gruen and Weir 
(1964) included a broader sampling of ages 
The Ss weie 7- to 8- and 12- to 14-year-olds 
and college students The instructional condi- 
tions weie the same as those of the previous 
study, but a penalty condition was added m 
which Ss weie required to letum a remforcer 
following incorrect lesponse Again, mstiuc- 
tions had no overall effect on performance 
There was an mstructions-by-age interaction, 
wheie only the college Ss performed in the 
manner predicted by showing a higher level 
of lesponse when they were told that no solu- 
tion was possible The direction of the results 
was opposite from that predicted for the 
youngest Ss Overall, level of performance 
varied dnectly with age and Ss penalized for 
incorrect response selected the reinforcing 
stimulus more frequently than did those who 
weie not penalized Apparently it is very diffi- 
cult to disengage youngei Ss from the sets 
with which they approach the task by means 
of verbal instructions 

Binary Prediction 

Seveial studies of binary prediction offer 
additional information about variables that in- 
fluence tnal-to-trial changes m the perform- 
ance of pieschool children A study by Bog- 
artz and Pederson (1966) demonstrates the 
sensitivity of this type of task Preschool Ss 
were told they would play a guessing game 
with lights and the sequence would always 
be blue-green-blue-green, they were shown 
how the lights alternated m color In one 
phase of the study the lights appeared con- 
sistently m one window and m the other they 
alternated between an upper and lower aper- 
ture Theie were more errors and latency of 
response was greater when the colors re- 
mained in the same position than when they 
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alternated, and more errors generally were 
made when the mtertrial interval was 10 sec- 
onds than when it was 3 seconds The re- 
markable thing about these results is that dif- 
ferences appeared even after the Ss had been 
instructed about what would happen 
A second report by Bogartz (1066) pre- 
sents the results of two other studies with pre- 
school children In the first, the Ss were given 
experience, m different orders, with three se- 
quences of events in which the two compo- 
nents appeared as ABAB, ABBABB, or 
ABBBABBB When the alternation sequence 
was presented first, performance impioved 
rapidly, but when it was preceded by experi- 
ence with either of the other sequences, there 
was little change m performance The non- 
altematmg sequences were very difficult foi 
the pieschool Ss to learn In a second study, 
Ss were given preliminary experience with 
two events whose probability of recurrence 
varied so that it was low, at a chance level, 
or high When the Ss later weie tested with 
an alternation pattern, Ss who had experi- 
enced longer runs of single events showed 
the least tendency to predict an event oppo- 
site to the event that occurred on the preced- 
ing tnal 

Mathematical Models 
Pei sons interested m mathematical models 
will be dismayed by the lack of concern in 
this review with the relation between chil- 
dren s performance and the levels of response 
predicted from such models The generation 
of mathematical models of behavior m situa- 
tions with uncertain outcomes has occupied a 
great deal of attention m research with ani- 
mals and human adults, but with the excep- 
tion of such studies as those Atkinson, Som- 
mer, and Sterman (1960), Atkinson, Calfee, 
Sommer, Jeffrey, and Shoemaker (1964), 
and Bogartz (1965, 1966), few studies have 
tested such models with children Since ap- 
propriate tests require extended series of trials, 
and since it is difficult to retam childien in 
testing situations for long penods of time, 
children may be ineffective Ss foi such re- 
search. In addition, it is difficult to define a 
“puie” situation in which a model can be 
tested and at the same time maintain chil- 
dren's interest in the task. At any rate, it ap- 
pears likely that the parameters for the equa- 
tions used in contemporary models will have 


to be modified and perhaps extended if they 
are to encompass developmental changes in 
performance and the effects of other variables 
that have been found to influence the behav- 
ior of children in probability learning 

CONCEPT LEARNING 

Although studies of concept learnmg have 
been included in the past several sections, 
two groups of studies remain to be discussed 
Early studies (see Munn, 1954) demonstrated 
the important roles that age and intelligence' 
play in concept learning Interest in these 
variables has persisted, but recent research 
has been more concerned with investigating 
the bases for such differences than with un- 
covering tasks that are sensitive to the effects 
of these variables 

Developmental Studies 

Odom (1966b) has distinguished three 
levels of learning that may occur m a concept 
learning task The most primitive is learnmg 
simple S-R relations for the various instances 
of a concept, an intermediate level involves 
learning to label the specific instances; and 
the most advanced level involves learning to 
label by categories rather than by instances 
A situation similar to a reversal shift was de- 
vised with pictures of the heads and bodies 
of ammals During training, the heads of four 
animals and the bodies of four others were 
presented in pairs, with reinforcement follow- 
ing choices of heads, (Each category was re- 
inforced for half of the Ss, but for simplicity 
only one of the sequences will be described ) 
The portion of the animal not piesented dur- 
ing training was used m the transfer trials 
The category relevant during training contin- 
ued to be relevant for half of the Ss, and the 
other category became relevant for the re- 
maining Ss Thus in the first case '‘heads” re- 
mained relevant but was represented by new 
instances, and m the second case “bodies 
became relevant — but, importantly, the bod- 
ies were those of the animals whose heads 
had been correct in the training period. The 
Ss were 5-, 11-, and 14-year-olds 

Dunng original learning, the youngest Ss 
required four times as many trials to reach 
criterion as the oldest Ss When the transfer 
trials required reversal of the original discrim- 
ination, the youngest Ss learned as rapidly as 
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the oldest Ss For example, they had little 
difficulty in learning that the body of the tiger 
was now correct after having learned that the 
head of the tiger was correct The ease with 
which the youngest Ss learned the reversal 
apparently indicated that they were not re- 
sponding at a primitive S-R level but had 
labeled the stimuli dui mg the training trials 
and were using the labels to direct their per- 
formance m the transfer trials When, how- 
ever, the tiansfer trials required the Ss to con- 
tinue to respond by categoiy rathei than by 
instance, the 5-year-olds made many more er- 
rors than the older Ss, who again learned very 
rapidly It was concluded that even though 
the 5-year-olds had responded mediationally, 
they did not use mediational abilities to 01 - 
gamze the stimuli by conceptual categories 
Osier and Kofsky have attempted to de- 
termine the effects of adding irrelevant infor- 
mation m a concept learning task at different 
ages Then first study (Osier and Kofsky, 
1965) established that the difficulty of a con- 
cept learning task could be increased by add- 
ing one or two irrelevant dimensions to the 
discriminative stimuli m a two-choice task 
Howevei, the peiformance of 4-, 6-, and 8- 
yeai-olds did not produce a significant inter- 
action between age and number of inelevant 
dimensions A second study (Osier and Kof- 
sky, 1966) explored the hypothesis that the 
structure of the task, as well as the piesence 
of irrelevant information, may be an impor- 
tant variable m rate of learning concepts, and 
that its effects diffei, depending upon the age 
of S They assumed that youngei Ss employ 
rote learning m a concept learning task, 
whereas older Ss respond on the basis of cat- 
egories The younger Ss therefore should be 
more strongly influenced by the number of 
S-R relations present m the task, and oldei 
Ss should be moie strongly influenced by the 
numbei of categones or dimensions on which 
the stimuli vary Five-, 8-, and 11-year-olds 
were tested with one of three sets of stimuli 
In one set there were one relevant and three 
irrelevant dimensions, each lepresented by 
two values, m the second set, one relevant 
dimension represented by two values and one 
irrelevant dimension represented by eight val- 
ues; and m the third set, one relevant and one 
irrelevant dimension, each represented by two 
values Thus there were 16 different stimuli 
in the first two sets and four m the third The 


dimensions of the stimuli differed according 
to form, color, size, and number If the pre- 
ceding reasoning is correct, the younger Ss 
should perform similarly with the first two 
sets, but older Ss should find the second set as 
easy as the thud The lesults suppoited these 
considerations Five-year-olds made large 
and equivalent numbei s of eirois on the fiist 
two sets, but with the third set they learned 
neaily as rapidly as the oldei Ss The older Ss 
learned the second and third sets with equal 
ease, but the 8-year-olds, and to some degree 
the 11-year-olds, found the first set quite dif- 
ficult Thus the crucial factor foi the young- 
est Ss was size of set, and for older Ss, num- 
ber of independent dimensions repiesented m 
the set 

In a subsequent study, Kofsky and Osier 
(1967) found the piesence of inelevant 
information may thwart successful perform- 
ance by 5-yeai-olds because of their difficulty 
m shifting cntena for categonzmg stimuli 
Children at ages 5, 8, and 11 yeais showed 
prefeiences m the older with which they cat- 
egonzed stimuli such as those used m the pre- 
vious study, but then prefeiences had a re- 
strictive effect only on the ability of the 
youngest Ss to make additional sortings In 
concept learning, then, young Ss may perform 
well if the initial basis for classifying the stim- 
uli is m accoid with their pieferences, but if 
it is not they may make many enois before 
they discern othei bases by which they can 
categorize the stimuli 

Another important piocess m concept learn- 
ing is mtegiation of information The Kend- 
leis have asked when children are able to 
integiate segments of behavioi that previously 
have been learned but weie not contiguously 
associated A task was developed for studying 
this question In a series of training tnals Ss 
learned that X leads to Y, A leads to R, and 
B leads to G, the goal Concretely, the Ss 
learned to press a lever or push a button to 
obtain Y and B (eg, a marble and a steel 
ball, respectively), and to diop B m a hole 
to obtain a prize Training consisted of two 
steps, fiist, learning which responses led to Y 
and B, and second, learning that B led to G 
Kendler and Kendlei (1962) found that very 
few 5-year-olds were capable of giving a di- 
rect, inferential solution m this problem By 
the third grade, however, 73% of the Ss ini- 
tially selected the A-B segment in a test trial 
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and of these, 67% followed directly with the 
B-G segment 

In a second study (Kendlei, Kendler, and 
Carnck, 1966) an effort was made to see 
whether performance of the younger Ss could 
be improved if veibal labels were given to Y 
and B It was assumed that the label would 
provide a common stimulus element for the 
A-B and B-G segments, which would facili- 
tate solution Kindergarten Ss who labeled the 
stimuli performed only slightly more poorly 
than third-grade Ss As predicted, kindergar- 
ten Ss performed more poorly when they did 
not use labels, but, unexpectedly, labels in- 
terfered with the performance of the older Ss 
The last finding is interpretable if it is assumed 
that the labels arbitrarily given to the stimuli 
by the expenmentei may pioduce interfer- 
ence if they differ from those the Ss spon- 
taneously apply to the stimuli 

Performance m concept learning tasks does 
not always improve with mci easing age For 
example, in a study by Fnedman (1965) 
with children between the ages of 6 and 10, 
peiformance dropped at ages 8 to 9 m learn- 
ing a series of sequential-pattern problems 
This decline was attributed to the ineffective 
opeiation of mediation at these ages Presum- 
ably, vounger Ss could learn a pattern of le- > 
sponses (opening doors of boxes in varying 
orders) by trial and error and the oldest Ss 
could apply rules leading to efficient perform- 
ance The 8- to 9-year-old was assumed to 
have progiessed beyond the trial-and-error to 
a mediation stage, but The has not yet learned 
to use his new tool efficiently He is so rigid in 
the application of this newly developing abil- 
ity that his predictions (i e , hypotheses) mask 
the actual regularity of events, thus he is un- 
able to modify his hypotheses so as to include 
new information” (p 4) This interpretation 
is similar to that offered earlier for the poor 
performance of Ss at these ages m probability 
learning 

TeVault, Bailey, Cagan, Dioms, and Figel- 
man (1966) attempted to determine whether 
the hypothesized changes between 8 and 9 
years m ability to mediate could be demon- 
strated with a different task Half of the Ss 
were assigned single responses to classes of 
stimuli (forms) and for the other half the as- 
signment of responses to stimuli was random. 
Learning was more efficient in the fiist condi- 
tion There was no significant effect associated 


with age oi the interaction of age with con- 
dition The results were intei preted as not 
supporting the hypothesis offeied by Fried- 
man m the piecedmg study Pei haps the most 
noteworthy aspect of this study, however, was 
the significant experimenter effect The results 
differed, depending upon which of the five 
experimenters the Ss had been assigned 
to Although experimenter effects have been 
found in studies in other areas of child psy- 
chology and in studies with adults, its opera- 
tion in a study of this type indicates a poten- 
tially important source of variance that is often 
not considered in studies of children’s learn- 
ing The possibility of significant experimenter 
effects complicates the design of research At 
the same time, a failure to replicate pnoi re- 
sults may be due to diffeiences between or 
among the expenmenters lather than to other, 
seemingly more basic differences in experi- 
mental effects 

A common theme runs thiough all these 
studies The young child is viewed as a rela- 
tively rigid lote learner whose performance 
is determined by the number of relations to 
be learned and whose spontaneous use of ver- 
bal labels is lestncted to nominal statements 
about the stimuli The oldei Ss, on the other 
hand, aie seen to be flexible and verbally 
facile and to use these charactenstics m suc- 
cessive attempts to isolate the attributes of the 
stimuli that are relevant for coirect response 

Role of Intelligence 

Osier and her associates have investigated 
the relation between intelligence and concept 
learning m a senes of studies In the initial 
study (Osier and Fivel, 1961) the correct 
response in a two-choice discrimination de- 
pended upon Ss isolating the concept of bird, 
animal, or living thing These classes of stim- 
uli weie assumed to repiesent increasingly 
moie difficult concepts The Ss were 6-, 10-, 
and 14-year-old children, half above average 
(mean IQ of 121) and half of average IQ 
(mean IQ of 101) The older Ss and the 
brighter Ss at each age learned the concepts 
more rapidly, and there were no differences 
in the rate with which the three concepts 
were learned To determine whether the con- 
cepts weie learned rapidly or gradually, per- 
formance on the 10 trials preceding criterion 
were analyzed for each S Those whose per- 
centage of correct response fell below the 
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median were classed as sudden learners, and 
above the median, as gradual learners The 
incidence of sudden learners was a function 
of IQ, but not of age or concept, leading the 
writers to infer that the brighter Ss were bet- 
ter able to develop hypotheses than were the 
average Ss 

If bright children develop hypotheses more 
readily, stimuli that are likely to elicit a wide 
variety of irrelevant hypotheses should result 
m bright Ss performing more poorly than 
would be the case if the stimuli permitted 
a more restricted number of hypotheses The 
concept "two” was studied by Osier and 
Trautman (1961) with samples of Ss of the 
age and IQ levels used m the first study 
The concept was represented either by dots 
or by pictures of common objects It was 
assumed that the large number of inelevant 
cues contained m the pictures would facilitate 
the formation of hypotheses Correct response 
required that S select the member in each 
of a large number of pairs that contained two 
elements and reject the member that con- 
tained one or more than two elements The 
mam effect of age was significant, and IQ 
interacted significantly with method of repre- 
sentation The bright Ss had more difficulty 
m learning the discrimination when the stim- 
uli were objects than when they were dots, 
but the average Ss learned each with equal 
ease 

It should be noted that Wolff (1967) m 
a replication study found no significant in- 
teraction between IQ and method of pres- 
entation Both the bright and average Ss per- 
formed more poorly when the stimuli were 
pictures of common objects Wolff noted that 
the number of times "one” had been used 
as the negative instance by Osier and Traut- 
man differed for the two types of stimuli and 
argued that this contributed to the differences 
m results Additional lesearch will be neces- 
sary to clanfy this 

It is possible that the superionty of bright 
children lies m their greater capabilities m 
defining problems, rathei than m their being 
more effective learners Under the nonspecific 
instructions used by Osier and Fivel (1961), 
bright Ss performed at a higher level than 
average Ss But could then greater effective- 
ness be traced to their discerning more readily 
the problem that was to be solved? To in- 
vestigate this question. Osier and Weiss 


( 1962) repeated the earlier study with groups 
of the same ages and IQs, but added a con- 
dition m which the Ss were given the explicit 
instruction “If you look at the pictures care- 
fully you will see that there is something m 
the pictures like an idea that will tell you 
which one to choose to get a marble every 
time ” The earlier results were replicated 
with nonspecific instructions but differences 
in the performance of the bright and average 
Ss disappeared when the instructions ex- 
plicitly defined what the Ss were to do As 
expected, type of instructions facilitated the 
performance of the average Ss and had no 
diffeiential effect on the performance of the 
blight Ss 

In a final study of the series, Osier and 
Shapiro (1964) tested bright and average Ss 
with continuous and partial reinforcement 
The task involved discriminating between two 
and three circles appearing m diffeient spa- 
tial arrangements The bright Ss were sig- 
nificantly superior to the average Ss when 
continuous reinforcement was available With 
partial lemforcement, performance did not 
differ according to the level of IQ Support 
thus was obtained for the hypothesis that 
the performance of blight Ss would be dis- 
rupted to a greater degree than would that 
of the average Ss when their efforts at gen- 
erating rules met with only partial success 

These studies point to seveial factors that 
distinguish the concept learning of bright Ss 
Bright Ss appear to be able to define prob- 
lems more readily and to pioduce more hy- 
potheses than average childien When the 
formulation of many hypotheses is of assist- 
ance m the development of the correct re- 
sponse and when there is consistent affirma- 
tion of the utility of a particular hypothesis, 
bright Ss perform at a higher level than 
average Ss When the stimuli elicit few hy-l 
potheses and when the problem is cleaily de- 
fined, IQ, at the levels tested, is not a critical 
variable m concept learning 

PAIRED-ASSOCIATE LEARNING 

The learning of paired-associate lists is 
among the most venerable of psychological 
problems There has been a long history of 
mtensive research with human adults as Ss, 
but relatively few studies with children were 
published until recently, Why child psycholo- 
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gists shied away fiom this problem for so 
many years is not clear, especially since 
learning to associate names and places, dates 
and events, occupies so much of the child’s 
time in school and, consequently, becomes 
a problem with practical significance At any 
rate, once research with children began to 
be published, it rapidly became apparent that 
paned-associate learning was a sensitive 
means of investigating the effect of many 
variables that have important implications 
for a wide variety of learning tasks 

Associative Strength 

The effects of the associative strength of 
the S and R elements have been studied by 
selecting response elements that differ in 
their associative strength to the stimulus ele- 
ments m the child’s natural language Cas- 
taneda, Fahel, and Odom (1961) established 
the free-association value of a list of words 
for fifth and sixth graders and then con- 
structed paired-associate lists by using strong 
or weak associates of the stimulus items 
Learning was significantly faster when the 
associative strength was high, a result that 
would be expected except for the fact that it 
is difficult to demonstrate this effect with 
adult Ss This finding has been replicated by 
McCullers (1961) and extended by Wick- 
lund, Palermo, and Jenkins (1964). The 
availability of more extensive word associa- 
tion norms enabled the latter authors to make 
a more sensitive test of the effect of asso- 
ciative strength on learning Lists of 10 items 
were constructed so that the responses were 
primary associations to the stimulus words or 
were of medium or very low strength In addi- 
tion, half of the primary responses were high- 
frequency responses and half were of low 
frequency The ease with which fourth-grade 
Ss learned the lists varied directly with the 
strength of the associations and the primary 
responses were learned more rapidly when 
they were of high frequency 

Klinger and Palermo (1967) found the 
same general results when the lists were pre- 
sented aurally to first and fourth graders The 
effects differed at the two age levels, Per- 
formance was similar at the two ages on a 
conti ol list m which the S-R relations had 
no associative strength, But when the lists 
contained Items of either high or low asso- 
ciative strength, the older S $ learned with 


great rapidity, whereas the performance of 
the younger Ss began at a low level and 
never reached that of the older Ss The 
greater linguistic experience of the older Ss 
apparently enabled them to benefit from lists 
that contained items with some natural asso- 
ciative S-R relation 

In a study by Shapiro (1965), items with 
high and low association value were arranged 
to form a noncompetitive list (the R was 
paired with the S that elicited it m free asso- 
ciation) or a competitive list (the list was 
rearranged so that the R was paired with an S 
different from that which elicited it in free 
association) It was predicted that strongly 
associated elements arranged in a competitive 
hst would generate a high degree of inter- 
ference but that when arranged m a non- 
competitive list they would produce facilita- 
tion The Ss, fifth graders, were selected from 
the sample used m establishing the word as- 
sociation norms and their responses had either 
high or low degrees of commonality with the 
responses most frequently made by the Ss 
in the normative group This variable was in- 
troduced to determine whether group norms 
would be a more effective basis for predic- 
tion when the responses of the individual S 
were m close concordance with these norms 
than when they were not Learning was more 
rapid with high-association pairs, noncom- 
petitive pairings, and for Ss with high com- 
monality scores Better peifoimance for 
high-association pairs was found on the non- 
competitive lists, but there was no difference 
m the competitive lists according to strength 
of S-R association 

A study of Palermo, Flamer, and Jenkins 
(1964) found similar effects when the asso- 
ciation value of the response elements was 
varied by usmg consonant-vowel-consonant 
nonsense syllables with association values of 
20, 50, and 80%, Adjectives served as the 
stimulus elements The difference in rate of 
learning the extreme lists was significant for 
the fifth-grade Ss Further, when the response 
elements were numbers that were presumably 
highly meaningful, the Ss learned the asso- 
ciations more rapidly than when they were 
nonsense syllables with low association values 

The facilitating effect of using items with 
high associative strength extends to studies 
where the response element is omitted on a 
portion of the trials (Carroll and Penney, 
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1966) The learning of items with low asso- 
ciative strength was more strongly distuibed 
by the partial omission of the response ele- 
ment than was the learning of items with 
high associative strength 

A different approach has been used by 
Ramiriz and Castaneda (1967) They se- 
lected names of children who had received 
either high or low sociometric ranks for use 
as the stimulus elements More behaviors 
were assumed to be associated with the names 
of children with high sociometric lank, thus 
making their names more meaningful The 
rate of learning to associate consonants with 
names was faster when the names were of 
childien with high sociometric ranks That 
the effect was not due to some other factoi, 
such as general association value of the names 
or pronouncabihty, was seen in the fact that 
children unfamiliar with the names learned 
the two lists m equal numbers of trials 

Anothei related study is that of Paivio and 
Yuille (1966), who found moie efficient 
learning when the materials weie high-fre- 
quency, concrete nouns than when they were 
high-fiequency, abstract nouns The effect 
was more pronounced when the nouns func- 
tioned as stimulus elements than when they 
were the response elements The basis of the 
effect is not clear, but concrete nouns may 
elicit a greater number of facilitating associ- 
ations than do abstract nouns 

Mode of Presentation 

Since much of the formal learning of the 
young child occurs through the auditoiy 
mode, learning of paired associates might 
be more rapid if the items were presented 
by the aural than by the traditional visual 
mode Shapiro (1966) tested this possibility 
with 10- and 11-, and 13- and 14-year-olds 
Lists contained items with high or low m- 
terresponse competition and high or low as- 
sociative stiengths. Learning was faster with 
the noncompetitive lists, and items of high 
associative strength m noncompetitive lists 
weie learned more rapidly than were items 
of low associative strength The main effects 
of age and mode of presentation were not 
significant, nor were the interactions of these 
variables with either of the other variables 
However, when the analyses were made 
separately at each age, it was found that the 
younger Ss but not the older Ss learned faster 


with auial than with visual presentation More 
rapid learning with aural than visual presen- 
tation also was obtained by Budoff and Quin- 
lan (1964) in a study with 7- and 8-year- 
olds When, however, the visual stimuli are 
pictuies rathei than words, no differences 
were found between modes m the rate of 
learning by 7- and 8-year-olds (Hill and 
Hecker, 1966) 

These lesults suggest that young children 
may have difficulty with visually presented 
material because of their lack of experience 
with written woids Levin, Watson, and Feld- 
man (1964) therefoie assumed that pi etram- 
mg young childien on the construction of 
words might facilitate latei learning Since 
an earlier study had indicated that the num- 
ber of confusions m verbal learning was 
gieatest when two oi moie words shared an 
initial grapheme and was least when they 
shared medial graphemes, fhst-grade Ss were 
trained on initial, medial, or terminal giaph- 
emes of an artificial orthography devised for 
use m an eight-item paued-associate task 
The Ss were required to tiace the giaphemes 
occupying one of the positions m each of the 
artificial woids thiee times Overall, none of 
the gioups pei formed differently from a con- 
trol group, which did not have the tracing 
experience, but the number of correct re- 
sponses m the paired-associate task was m 
the piedicted older, and the number of coi- 
rect responses of the group tracing the initial 
graphemes was significantly higher than that 
of the group tracing the medial graphemes 
The most extensive investigation of this 
topic has been reported by Otto ( 1961 ) , who 
selected Ss at giades 2, 4, and 6, who were 
good, aveiage, and poor readers, and who 
had IQs between 95 and 110 The task in- 
volved learning to associate low association 
value nonsense syllables with geometric 
forms Three modes of presentation were 
used' (1) visual, (2) visual presentation of 
the form, reading of the nonsense syllable 
by the expeiimenter, and (3) a combination 
of the fiist two, plus the requirement that S 
trace the nonsense syllable with his finger 
The poor leaders m giade 2 required ap- 
pioximately twice as long to learn the list as 
the good readers, but by giade 6 the differ- 
ence had deci eased There was no interaction 
between reading level and mode of presenta- 
tion, as might be expected, but mode of 
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piesentation did intei act significantly with 
grade The combined mode of piesentation 
(3) was most effective for the grade-2 Ss, 
the visual mode was most effective at giade 
4, and at giade 6 the two modes were 
of approximately equal effectiveness Vei- 
bahzation of the lesponse element produced 
the slowest learning at the two higher grades 
but was somewhat better than the visual 
mode at grade 2 

Seveial other studies deal with quite dif- 
ferent questions related to the effects of 
different modes of presenting paired-associate 
materials The learning of paned-associate 
lists often is discussed as involving two steps 
first, delimiting the alternative lesponses, and 
second, attaching the lesponses to the stimu- 
lus elements If this description is correct, 
learning should be faster if all lesponse ele- 
ments aie piesented to Ss on each trial than 
if, as is the usual case, they become known 
only during the course of successive trials 
Carroll (1966) found the 10- and 11-year- 
olds did learn moie rapidly m the former 
than m the latter case It also is possible that 
learning would be faster if the lists weie pre- 
sented m a constant rather than a vaned 
order Samuels and Jeffrey (1966) found 
that the number of correct lesponses was 
higher with a constant ordei when the re- 
sponse items weie of high similanty, but or- 
der was not a significant variable when the 
responses weie of low similarity Finally, 
learning of individual items may be more 
rapid if only a small numbei of items aie 
presented In a large parametnc investigation, 
including lists of 4, 8, 12, and 20 items, Car- 
roll and Burke (1965) found with tenth 
giaders, however, that "items appear to be 
acquired one by one and at a late that is 
lelatively independent of the total number of 
items piesented m a given tnal oi session 
For example, it has been shown m this study 
that it takes about the same amount of ex- 
posure and response time for an S to acquire 
4 items regardless of whether they stand 
alone or are embedded m a list of 20 items” 
(p 552) 

Affective Factors 

The role of affective factois, such as anx- 
iety, stress, and conflict, has been studied 
extensively in the paired-associate learning of 
adults Theie are fewer studies with children, 


but the results obtained with children and 
adults are similai Most of these studies have 
sought to evaluate the hypotheses that (1) 
strength of lesponse is a function of the 
product of level of drive and habit strength 
and (2) geneial level of dnve is increased by 
the presence of affective factois such as those 
previously listed According to these hy- 
potheses, high drive should lesult m improved 
performance when habit strength of the coi- 
rect response is high When, however, the 
habit strength of the conect lesponse is lowei 
than that of alternative, competing responses, 
high dnve should disrupt performance 
A study by Lipsitt and Speais (1965) illus- 
trates how these predictions have been tested 
m paned-associate learning Tnads of stimuli 
were constructed so that one response was 
stiongly associated with all three stimulus 
elements, but for two of the pairs, the correct 
lesponse was a weak associate For example, if 
the tnad was fork-eat, kmfe-hat, spoon-door, 
the tendency to respond “eat” to each of the 
stimuli, should be strong for all Ss, but of great- 
est stiength for the Ss with high dnve Two 
studies with sixth-giade Ss were reported In 
one, dnve level was manipulated by selecting 
Ss fiom extieme scores on a paper-and-pencil 
test of manifest anxiety, and m the second, 
an effort was made to increase dnve for half 
of the Ss by giving instructions that empha- 
sized the importance of lespondmg correctly 
and doing as well as other children The re- 
sults paitially confirmed the hypothesis Per- 
formance on the low-association items was 
impaiied for high-anxious and stress-in- 
structed Ss, but no differences occurred for 
the high-association items, partly because 
they were learned with gxeat ease The mech- 
anism assumed to account for diffeiences m 
performance was not relevant, for the errors 
were mostly extrahst errors and neither anx- 
iety nor stress increased the tendency of Ss 
to make the high-association response, as was 
piedicted 

More generally supportive evidence for 
the hypothesized mechanism was found by 
Castaneda (1961) in a motor paired-associate 
task with fifth graders as Ss Five lights ap- 
peared m a horizontal array, and below each 
light was a response button The Ss were 
assumed to have a strong tendency to press 
the button directly below each light, For 
some light-button combinations these ten- 
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dencies resulted in correct response, but for 
other combinations correct response required 
the Sji to make a nondommant response High 
levels of anxiety were predicted to result m 
better performance when the dominant re- 
sponse was correct (le, habit strength was 
high) but poorer performance when the 
dominant response was incorrect In the sec- 
ond case, the heightened tendency to make 
the dominant, incorrect response would re- 
sult m more errors The results revealed a 
significant interaction between level of anxi- 
ety and type of button correct, with each of 
the differences being m the predicted direc- 
tion There were more dominant response 
errors for the high- than for the low-anxious 
Ss and the number of random errors made by 
the two groups did not differ Similar results 
were found in the same type of task by 
Castaneda and Lipsitt (1959) when drive 
level was manipulated by introducing stiess 
in the form of a time pressure for lesponse 
Impaired paired-associate learning with high 
levels of anxiety has been reported in several 
other studies Stevenson and Odom (1965) 
obtained significant negative correlations be- 
tween rate of learning and anxiety scores for 
boys at grades 4 and 6 The correlations for 
girls were negative but were not significant 
Castaneda, Palermo, and McCandless (1956) 
presented high- and low-anxious Ss with a 
five-light-five-button motor paired-associate 
task Performance of the two groups was 
compared for the two easiest and two most 
difficult combinations Compaied to the low- 
anxious Ss, high-anxious Ss performed better 
on the easy combinations and more poorly 
on the difficult combinations These results 
are m line with the assumption that level of 
difficulty of the combinations was determined 
by the number of competing responses, all 
of which would be of higher strength for the 
high-anxious Ss Poorer performance of high- 
anxious Ss also was found m a four-hght- 
two-button task (Palermo, Castaneda, and 
McCandless, 1956), Here it was assumed that 
only two alternatives for response would in- 
crease the likelihood that competing responses 
would be present, thereby making this a rela- 
tively difficult task 

A withm-Ss design has been used m several 
studies of this general problem The proposi- 
tion tested in these studies was that "condi- 
tions which produce associative interference, 


that is, competition between incompatible re- 
sponse tendencies, may serve to engender 
motivational states m the S” (Castaneda, 
1965, p 2) To test this proposition, paired- 
associate lists were constructed m sets of two 
so that the piesence of competing associations 
was maximized for some of the sets but mini- 
mized for others Test pairs were interspersed 
among these two types of set, always following 
a set of items with high or low competing as- 
sociations Half of the test pairs weie strong 
associates and half were weak, but neither 
had a strong associative relation with the other 
items The measuie of central interest was the 
numbei of trials to reach a cntenon of one 
enorless trial on the test pans It was assumed 
that the competing associations would gener- 
ate states of conflict that would result-m an 
mci eased drive level, which, in turn, would 
facilitate performance for test pairs where the 
associative connections were strong and inter- 
fere with performance for test pairs where the 
associative connections were weak A signifi- 
cant mteraction was obtained between type of 
training pair and type of test pan The pre- 
dicted facilitating effect of conflict on the 
learning of the test pairs with strong associ- 
ative connections was obtained, but the differ- 
ence for the weakly associated test pairs was 
not reliable A variant of this procedure was 
employed by McCullers (1967), and again 
performance for strongly associated test pairs 
improved as interference within a training 
pair increased but no effect was found for the 
weakly associated test pairs 

Mediation 

The paired-associate task is a convenient, 
frequently used method for investigating the 
effects of verbal mediation on learning Some 
studies with children have used the classical 
mediation paradigms developed m research 
with adults In these paradigms, potential me- 
diators are developed during the course of the 
experiment or are denved from associations 
occurnng in natural language For example, 
potential mediators may be developed during 
the course of a study by requiring Ss to learn 
three lists of pairs of words first, they learn 
to associate A with B, then B with C, and, 
finally, A with C Word B is assumed to func- 
tion as a potential mediator which, if effective, 
would facilitate the learning of the association 
A-C By appropriate arrangements, the me- 



LEARNING IN CHILDREN 907 


diator may be used as a potential source of 
interference in learning the A-C association 
It is possible to eliminate the fust of the three 
stages by selecting words foi the A-B associ- 
ations from high-frequency associates m word- 
association noims Other techniques foi 
providing potential mediatois between the 
stimulus and response elements have involved 
linking the two elements by veibal and pic- 
tonal means, and by varying the syntactical 
relations embodied m the mediating words 
and pictures 

Norcross and Spiker (1958) were able to 
demonstrate both facilitation and intei ference 
in the paned-associate learning of 5- and 6- 
year-olds with the three-stage paradigm Fa- 
cilitation was produced by painngs such as 
those descubed m the preceding example, in- 
terference was produced by ai ranging the 
pairings in the third list so that the potential 
mediator would elicit incorrect responses and 
thereby interfeie with learning Wismer and 
Lipsitt (1964) obtained similar effects with 
fifth graders, although the interference effects 
were much more pionounced than were the 
facilitation effects 

The same types of effects have been found 
when conditions are arranged so that the pre- 
sumed mediation occurs dui mg the learning 
of the A-C list (Palermo, 1962) In this de- 
sign, only A-B and A-C lists were presented 
and in each list there were six stimulus ele- 
ments and three response elements After the 
A-B list was learned, new responses weie 
paired with the old stimuli in a manner that 
would be expected to pioduce facilitation, in- 
terference, or no effect Usmg the facilitation 
arrangement as an example, the response 
“scissors” was paired with both “stool” and 
“shoe” in the first list In the second list, both 
stimulus words were associated with the le- 
sponse “house ” Since both stimulus elements 
were associated with the same lesponse ele- 
ment m each stage, the strengthening of each 
association m the second stage should facili- 
tate the learning of the other because of the 
tendency for each to elicit the common me- 
diator “scissors ” 

Nikkei and Palermo (1965) used both A-B, 
B-C, A-C, and A-B, C-A, C-B paradigms in 
a study with sixth graders, where the words 
entering the A-B association were selected 
because of their high association value Here, 
as m all of the studies, a control group, m 


which the associations developed in the sec- 
ond stage were irrelevant for learning in the 
third stage, provided the basis foi determining 
the presence of facilitation oi interference 
The results were similar for the two para- 
digms, the fastest learnmg of the A-C and 
C-B lists occurred in the facilitation condi- 
tions, and the slowest in the interference con- 
ditions Thus existing language habits signifi- 
cantly influenced the acquisition of new verbal 
habits, apparently by implementing the medi- 
ation process Palermo (1966) extended the 
findings with sixth giaders to lists of the forms 
C-B, B-A, A-C and B-C, B-A, A-C The rela- 
tive differences among the facilitation, con- 
trol, and interfeience conditions were as great 
in this study, where one or two backward as- 
sociations were necessary for mediation to oc- 
cur, as they were m the other studies, wheie 
only forwaid associations were involved 
A different approach was used by Reese 
(1965) in an investigation of the roles of 
verbal and visual content of the response 
items m paired-associate learning The Ss 
were preschool children at three age levels 
(aveiage ages 44, 58, and 77 months) The 
stimuli were pictures of animals and the re- 
sponses were either pictuies of objects or 
drawings of the animals engaged in activities 
with the objects (eg, cat carrying an um- 
brella) On the first trial, the experimenter 
either veibalized the response or described 
the interaction between the animals and the 
objects The group that saw and heard only 
the response was mfenor in learning to the 
other groups, whose scores were approxi- 
mately equal The mam effect of age was 
significant, but age did not interact with con- 
tent of the response Thus learning to associ- 
ate two words was facilitated when the ex- 
perimental conditions supplied a connective 
Imk, either verbal or visual, between the 
stimulus and lesponse elements 

Numeious other studies have found that 
paired-associate learning is facilitated if the 
stimulus and lesponse elements are connected 
by verbal or pictorial means Davidson ( 1964 ) 
divided sixth graders into five groups, each 
trained under a different mediation condition 
The stimuli were pictures of common objects 
The conditions included (1) presentation of 
the pictuies, (2) the experimenter named the 
pictures, (3) the experimenter named the pic- 
tures and provided a connecting preposition, 
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(4) the experimenter used the objects in the 
context of a descriptive sentence, and (5) the 
sentence of the preceding condition was lead 
and a picture was presented that depicted the 
relation described in the sentence The dif- 
ferent treatments weie applied only on trial 
1 Learning was significantly slowei in the 
first two than in the last three conditions, in- 
dicating that when a connective relation be- 
tween the stimulus and response elements 
was piesent, even m the form of a preposition, 
learning was facilitated 

Syntactical mediation as a function of age 
has been studied by Jensen and Rohwer 
(1965) with children at six age levels be- 
tween 5 and 17 years On the initial trial, 
half of the Ss weie asked to construct a sen- 
tence relating the stimulus and lesponse ele- 
ments (common objects) and half were not 
A dramatic effect was obtained when Ss were 
asked to construct sentences There were no 
age differences in rate of learning after age 
7 When Ss weie not lequired to construct 
sentences, age diffeiences continued to be 
found Even the performance of the oldest Ss 
was influenced by being asked to construct a 
sentence, apparently because this mduced 
them to mediate earlier than otherwise would 
have been the case 

* Providing verbal links between the stim- 
ulus and response elements obviously facili- 
tates learning, but would similar facilitation 
occur if the links were piesented pictonally? 
Rohwer, Lynch, Suzuki, and Levin (1967) 
extended Reese's (1965) study to include 
three veibal connectives — conjunctions, piep- 
ositions, and verbs — and three parallel pic- 
tonal connectives — coincidental, locational, 
and actional Among the verbal connectives, 
only a connective verb produced more rapid 
learning than occurred m a control group 
where the objects merely were named Among 
the pictorial connectives, moie rapid learning 
occurred with actional (all matenals were 
presented by means of movies) than with lo- 
cational and with locational than with coin- 
cidental pictoriahzation The ordei of the 
facihtative effects obtained with the verbal 
and pictonal connectives was approximately 
the same and equivalent effects weie found 
for Ss at giades 1, 3, and 6 

A companion study (Rohwer, Lynch, Levin, 
and Suzuki, 1967) contrasted the rate of 
learning when the objects were presented 


pictonally and when printed names of the 
objects were used Learning was more rapid 
at both grades 3 and 6 with pictorial than 
with printed materials, and, confirming the 
earlier results, learning was more efficient 
when the experimenter related the stimulus 
and response elements by a verb than when 
they were i elated by a pieposition or a con- 
junction Other studies (Rohwer, 1966, Roh- 
wer and Lynch, 1967) add further evidence 
of the greater facilitating effects of verbs than 
of conjunctions or piepositions as connective 
links, but the basis of the facilitation by verbs 
remains unclear It does not seem to be due 
solely to the fact that veibs exeicise greater 
constraints on the number of possible words 
that can follow them than do piepositions or 
conjunctions, but alternative explanatory 
mechanisms have not been established 

Although the study by Martin and Jones 
(1965) of grammatical units m paned-associ- 
ate learning does not deal with mediational 
processes, it is of relevance m the present 
discussion Fifth and sixth gradeis weie pre- 
sented single-woid nouns or noun phrases as 
stimulus elements and single-word verbs or 
veib phiases as lesponse elements The two 
words within each phrase either conformed 
to common grammatical order or the order 
was reversed (eg, an apple versus apple an, 
woke up versus up woke) As measuied by 
rate of learning, single-word nouns and noun 
phiases weie functionally equivalent, except 
when the two woids of the noun phrase weie 
m the reverse giammatical order, but the Ss 
learned pans involving smgle-word verbs 
more rapidly than verb phrases and these, m 
turn, more rapidly than pairs involving verb 
phrases in reversed grammatical ordei Hence 
there was a significant influence of daily 
language habits on the ease of paired-associ- 
ate learning 

The findings of these studies are remark- 
ably consistent Learning to associate words 
occurs more lapidly when a third word is 
available as a mediator or when a connective 
3mk between the woids is established by ver- 
bal or pictorial means Withm the ages stud- 
ied, the effects were of similar magnitude and 
age consistently failed to interact with ex- 
perimental conditions It appeals that by the 
time children enter school the mediational 
piocesses occur m the same manner, although 
moie slowly than they do at later ages 
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Transfer 

If a response is associated with a particular 
stimulus m an initial task and m a subsequent 
task a new response must be associated with 
the stimulus, the amount of training received 
on the first task should result m increasing 
interference m learning the new association 
Spiker (1960) reported thiee studies aimed 
at determining (1) the relation between 
amount of initial practice and degiee of in- 
terference and (2) whether similar results 
would be obtained if the effects of initial 
training were heightened by instructing Ss to 
rehearse or to use mnemonic devices (eg, 
imagine a boat made of cake) Sixth graders 
received eithei 6 or 15 trials in learning four 
paired-associates They were then presented 
a new list of eight items m which the stimuli 
of four of the original pairs were coupled 
with new responses, along with foui new S-R 
pairs The difference m rate of learning the 
two types of item was greater for the gioup 
that leceived the greater number of trials, 
appaiently leflecting greater mteiference for 
these Ss m learning new responses to the 
old stimuli At the same time, the extended 
training resulted in superior peiformance m 
learning the new S-R pairs, demonstrating a 
nonassociative form of facilitation The same 
effects were pioduced by lehearsal and use 
of mnemonics, 

Spiker and Holton (1958) found similar 
results when gioups were given 5, 10, or 20 
trials on the initial task the more training 
given on task 1, the greater the interference 
on learning m task 2 The interference effect 
appeared to be attributable m part to the fact 
that Ss failed to respond within the time limit 
allowed (2 seconds). It seemed likely theie- 
fore that extending the amount of time for 
response would reduce the interference effect 
This suggestion was tested by White, Spiker, 
and Holton (1960), who repeated the earlier 
study with a 4-second interval foi response 
Degree of training on task 1 now failed to 
pioduce differences in associative interference 
as measured by frequency of correct response ' 
When speed of response was considered, some \ 
evidence of greater interference for a 20- trial j 
group than for a 5-trial group was found 
Extending the time interval for response also 
produced improved performance by preschool 
Ss (Price, 1963) These Ss performed more 
poorly with a 2-second than with a 6-second 


anticipation interval, but when, during the 
later stages of training, the interval was 6 
seconds for all Ss, roughly equivalent levels 
of performance were attained Since the level 
of performance of the 2-second group im- 
proved rapidly with the longer interval, 
shorter time intervals appeared to affect per- 
formance rather than learning 

A transfer design was used by Rice and 
DiVesta (1965) to test semantic and phonetic 
generalization in paired-associate learning 
Third, fifth, and seventh graders initially 
learned nonsense syllable responses to a set 
of three training woids A second list of 12 
items was constructed by substituting as 
stimulus elements a homonym, antonym, 
synonym, or a control word for each training 
word No differential transfer was found for 
third giaders m learning the second list, rate 
of learning to associate the nonsense syllables 
did not diffei for the four categories of test 
stimuli At grades 5 and 7, however, more 
conect responses weie found for homonyms, 
antonyms, and synonyms than for the control 
words 

INCIDENTAL LEARNING 

Until now, the problems have involved in- 
tentional learning where Ss were given ex- 
plicit instructions about what they were to 
do and the cues provided a relevant basis for 
correct response But does learnmg also occur 
when the Ss are not instructed to learn or 
when the cues contain information that is 
n relevant for conect response? Casual obser- 
vation indicates that learnmg does occur un- 
der such conditions, and the results of ex- 
perimental studies have substantiated such 
observations Depending upon such factors 
as the age of the child and the experimental 
conditions, however, the degree of incidental 
learning does differ 

Developmental Differences 

One of the fiist developmental studies was 
leported by Stevenson (1954), who tested 
children between the ages of 3 and 7 years 
At each end of a life-sized Y-maze were two 
boxes, one locked with a padlock The S was 
told to go to the open box, find a key, and 
open the locked box to find a prize In each 
open box was an assortment of objects, in- 
cluding on one side a small white purse, and 
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(4) the experimenter used the objects in the 
context of a descriptive sentence, and (5) the 
sentence of the preceding condition was read 
and a picture was presented that depicted the 
relation described m the sentence The dif- 
ferent treatments were applied only on trial 
1 Learning was significantly slower m the 
first two than in the last three conditions, in- 
dicating that when a connective i elation be- 
tween the stimulus and response elements 
was present, even in the form of a preposition, 
leammg was facilitated 

Syntactical mediation as a function of age 
has been studied by Jensen and Rohwei 
(1965) with children at six age levels be- 
tween 5 and 17 years On the initial tiial, 
half of the Ss weie asked to construct a sen- 
tence relating the stimulus and lesponse ele- 
ments (common objects) and half weie not 
A dramatic effect was obtained when Ss were 
asked to construct sentences There were no 
age diffeiences in rate of learning after age 
7 When Ss were not required to construct 
sentences, age diffeiences contmued to be 
found Even the performance of the oldest Ss 
was influenced by being asked to construct a 
sentence, apparently because this induced 
them to mediate earlier than otherwise would 
have been the case 

* Providing verbal links between the stim- 
ulus and response elements obviously facili- 
tates leammg, but would similar facilitation 
occur if the lmks were piesented pictonally? 
Rohwer, Lynch, Suzuki, and Levin (1967) 
extended Reese's (1965) study to include 
three verbal connectives — conjunctions, prep- 
ositions, and veibs — and three parallel pic- 
tonal connectives — coincidental, locational, 
and actional Among the verbal connectives, 
only a connective verb produced moie rapid 
learning than occurred m a control group 
where the objects merely were named Among 
the pictonal connectives, more rapid leammg 
occurred with actional (all materials were 
presented by means of movies ) than with lo- 
cational and with locational than with coin- 
cidental pictorialization The order of the 
facihtative effects obtained with the verbal 
and pictorial connectives was approximately 
the same and equivalent effects weie found 
for Ss at giades 1, 3, and 6 

A companion study (Rohwer, Lynch, Levin, 
and Suzuki, 1967) contrasted the rate of 
learning when the objects were presented 


pictonally and when printed names of the 
objects were used Learning was more rapid 
at both grades 3 and 6 with pictorial than 
with printed matenals, and, confirming the 
earlier results, learning was more efficient 
when the expenmentei related the stimulus 
and response elements by a verb than when 
they were related by a preposition or a con- 
junction Other studies (Rohwer, 1966, Roh- 
wer and Lynch, 1967) add further evidence 
of the greater facilitating effects of veibs than 
of conjunctions or prepositions as connective 
links, but the basis of the facilitation by verbs 
remains unclear It does not seem to be due 
solely to the fact that verbs exercise greater 
constraints on the number of possible words 
that can follow them than do piepositions or 
conjunctions, hut alternative explanatory 
mechanisms have not been established 

Although the study by Martin and Jones 
(1965) of grammatical units m paired-associ- 
ate learning does not deal with mediational 
processes, it is of relevance m the present 
discussion Fifth and sixth gradeis were pre- 
sented single-word nouns or noun phrases as 
stimulus elements and smgle-word verbs or 
verb phrases as lesponse elements The two 
words within each phrase eithei conformed 
to common grammatical order or the order 
was reversed (eg, an apple versus apple an, 
woke up versus up woke) As measuied by 
rate of learning, single-word nouns and noun 
phiases weie functionally equivalent, except 
when the two woi ds of the noun phrase were 
m the reveise grammatical order, but the Ss 
learned pans involving single-word verbs 
more lapidly than verb phrases and these, m 
turn, more rapidly than pairs involving veib 
phrases m reveised giammatical order Hence 
there was a significant influence of daily 
language habits on the ease of paired-associ- 
ate learning 

The findings of these studies aie remark- 
ably consistent Learning to associate words 
occurs moie rapidly when a third word is 
available as a mediator or when a connective 
link between the words is established by ver- 
bal or pictonal means Within the ages stud- 
ied, the effects weie of similar magnitude and 
age consistently failed to interact with ex- 
perimental conditions It appeals that by the 
time children enter school (the mediational 
piocesses occur in the same manner, although 
moie slowly than they do at later ages 
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Transfer 

If a response is associated with a particular 
stimulus in an initial task and m a subsequent 
task a new response must be associated with 
the stimulus, the amount of training received 
on the first task should result in increasing 
interference in learning the new association 
Spiker (1960) reported three studies aimed 
at determining (1) the relation between 
amount of initial practice and degree of in- 
terference and (2) whether similar results 
would be obtained if the effects of initial 
training were heightened by instructing Ss to 
rehearse or to use mnemonic devices (eg, 
imagine a boat made of cake) Sixth graders 
received either 6 or 15 tnals m learning four 
paired-associates They were then presented 
a new list of eight items m which the stimuli 
of four of the original pairs were coupled 
with new responses, along with four new S-R 
pairs The difference in rate of learning the 
two types of item was greater for the group 
that received the greatei number of trials, 
apparently i effecting gieater inteiference for 
these Ss in learning new responses to the 
old stimuli At the same time, the extended 
training resulted m superior performance in 
learning the new S-R pairs, demonstrating a 
nonassociative form of facilitation The same 
effects were produced by rehearsal and use 
of mnemonics 

Spiker and Holton (1958) found similar 
lesults when groups were given 5, 10, or 20 
trials on the initial task the more training 
given on task 1, the greater the interference 
on learning m task 2 The interference effect 
appeared to be attributable m part to- the fact 
that Ss failed to respond within the time limit 
allowed (2 seconds) It seemed likely there- 
fore that extending the amount of time for 
response would reduce the interference effect 
This suggestion was tested by White, Spiker, 
and Holton (1960), who repeated the earlier 
study with a 4-second interval for response. 
Degree of training on task 1 now failed to 
pioduce differences m associative interference 
as measured by frequency of correct lesponse 1 
When speed of response was consideied, some ; 
evidence of greater interference for a 20-tnal , 
group than for a 5-trial group was found 
Extending the time interval for response also 
produced improved performance by preschool 
Ss (Price, 1963) These Ss performed more 
poorly with a 2-second than with a 6-second 


anticipation interval, but when, during the 
later stages of training, the interval was 6 
seconds for all Ss, roughly equivalent levels 
of performance weie attained Since the level 
of performance of the 2-second group im- 
proved rapidly with the longer interval, 
shorter time intervals appeared to affect per- 
formance rather than learnmg 

A transfer design was used by Rice and 
DiVesta (1965) to test semantic and phonetic 
generalization m paired-associate learning 
Third, fifth, and seventh graders initially 
learned nonsense syllable responses to a set 
of three training words, A second list of 12 
items was constructed by substituting as 
stimulus elements a homonym, antonym, 
synonym, or a control word for each training 
word No differential transfer was found for 
third graders m learning the second list, rate 
of learnmg to associate the nonsense syllables 
did not differ for the foui categories of test 
stimuli At grades 5 and 7, however, more 
correct responses were found for homonyms, 
antonyms, and synonyms than for the control 
words 

INCIDENTAL LEARNING 

Until now, the problems have involved in- 
tentional learning where Ss were given ex- 
plicit instructions about what they were to 
do and the cues provided a relevant basis for 
correct response But does learnmg also occur 
when the Ss a le not instructed to learn or 
when the cues contain information that is 
irrelevant for correct response? Casual obser- 
vation indicates that learning does occur un- 
der such conditions, and the results of ex- 
perimental studies have substantiated such 
observations Depending upon such factors 
as the age of the child and the experimental 
conditions, however, the degree of incidental 
learnmg does differ 

Developmental Differences 

One of the first developmental studies was 
reported by Stevenson (1954), who tested 
children between the ages of 3 and 7 years 
At each end of a life-sized Y-maze were two 
boxes, one locked with a padlock The S was 
told to go to the open box, find a key, and 
open the locked box to find a prize In each 
open box was an assortment of objects, in- 
cluding on one side a small white purse, and 
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on the other side a matchbox Depending on 
the experimental condition, the key was on, 
under, or m the purse and matchbox After 
an equal number of experiences with each 
side of the maze, the S was asked to find the 
purse or the matchbox Since neither object 
had been mentioned by the experimenter and 
since there had been no necessity for Ss to 
learn their location, the ability of Ss to locate 
the object was assumed to be the result of 
incidental learning The frequency of correct 
response increased significantly with increas- 
ing age and differed significantly among the 
experimental conditions The greatest fre- 
quency of incidental learnmg occuned when 
the mcidental object had to be manipulated 
(key m the object) and the least when no 
manipulation was necessary (key on the ob- 
ject) 

Would the tendency to acquire irrelevant 
information continue to increase if still older 
Ss were tested? It can be argued that it would 
not If the mature organism were responsive 
to the vast array of incidental stimuli that is 
continually available, he would be so flooded 
with momentarily useless information that 
appropriate response would be disturbed To 
maintain behavior m an efficient and effective 
manner, the organism eventually must become 
selective m his attention, responding to rele- 
vant stimuli that have no immediate utility 

Maccoby and Hagen (1965) provided data 
relevant to this discussion m a developmental 
study of mcidental recall m first, third, fifth, 
and seventh graders It was assumed that the 
young child is handicapped in focusing his at- 
tention selectively because of his inexperience 
m discriminating between task-relevant and 
task-irrelevant aspects of a stimulus complex 
As the child learns to categorize, code, and 
label objects, mcidental learning may mciease, 
but at a later stage selective attention be- 
comes possible Consequently, it was pre- 
dicted that the relation between age and in- 
cidental learning would be curvilinear A set 
of cards bearing different colors and different 
pictures was shown to the child The cards 
were then turned over and the child was asked 
to pomt to the card bearing a particular color 
Incidental recall was tested by asking the 
child to find cards bearing particular pictures 
There was a very modest increase in number 
of coirect responses between grades 1 and 5, 
and a significant decrease between grades 5 


and 7 The correlations between performance 
on the intentional and incidental tasks were 
nonsignificant, indicating that the acquisitions 
of the central and mcidental information were 
not reciprocal processes 

A curvilinear relation between incidental 
learning and chronological age also was found 
by Siegel and Stevenson (1966) with a differ- 
ent type of task The Ss were between the 
ages of 7 and 14 years, roughly the ages of 
the Ss m the previous study A standard three- 
choice successive discrimination problem was 
followed by the presentation of each of the 
discriminative stimuli imbedded in a stimulus 
complex In this second phase, which consti- 
tuted an overleammg period for the original 
discrimination, each stimulus complex was 
presented 12 times To test mcidental learn- 
ing, the incidental objects then were presented 
separately The question was whether the Ss 
would make the response to the mcidental 
object that had been correct for the discrim- 
inative stimulus with which it had been as- 
sociated The frequency of correct lesponse 
increased significantly between ages 7 to 8 
and 11 to 12 and decreased significantly be- 
tween ages 11 to 12 and 13 to 14 Again, 
there was no significant correlation between 
the measures of incidental and intentional 
learning 

A closely related study by Crane and Ross 
(1967) assessed the ability of 8- and 11-year- 
olds to profit by the presentation of informa- 
tion that was melevant to their performance 
at one stage, but later became relevant A 
two-choice discrimination problem with either 
form or color as the relevant dimension was 
presented during an original learning penod 
The irrelevant cues appealed on every trial 
but m a varied manner, so that each cue was 
associated with reward on only half of the 
trials If form was the lelevant dimension, 
color was irrelevant, and vice versa. When Ss 
reached criterion on this problem, the mele- 
vant cues were made 100% redundant for the 
experimental groups The original procedure 
was contmued for the control groups In the 
third stage, the nrelevant cues became rele- 
vant, the cue that had been associated con- 
sistently with reward was correct for half of 
the experimental Ss and the cue that had been 
paired with the nonreward was correct for the 
other half The different conditions of the 
third stage resulted m different rates of learn- 
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ing by the younger, but not by the older Ss 
The younger Ss learned the problem when 
the previously “positive” irrelevant cue was 
correct more repidly than when the previously 
“negative” irrelevant cue was correct or than 
in the conti ol condition Thus the redundant 
cues of the overtraining phase had acquired 
functional significance for the younger Ss, but 
the older Ss appeared to have concentrated 
their attention more completely on the rele- 
vant aspects of the stimuli 

Other Studies 

A study by Hethenngton and Banta ( 1962) 
provides additional information about the re- 
lation between incidental and intentional 
learning Six-year-olds were given a color- 
naming test m which cards of different colors 
also contained different pictures of common 
objects Aftei a delay of 2 days the Ss were 
asked to recall the names of the objects The 
procedure was repeated, but now the Ss named 
the objects and were mstiucted to try to re- 
member then' names As found m the previous 
studies, there was no significant relation be- 
tween the intentional and incidental learning 
scores What causes an S to demonstrate a 
high degree of incidental learning is not clear, 
but whatever the bases, they appaiently are 
not the same as those producing a high degree 
of intentional learning 

Some studies with adults have found that 
increased motivation results m poorer inciden- 
tal learning The effect has been attributed to 
the restriction of perceptual lange with height- 
ened motivation Kausler, Laughhn, and Trapp 
(1963) tested seventh and eighth giadeis to 
determine whether a similar effect would be 
found with children A 14-item serial learning 
test involving seven forms was presented to 
the Ss Each form appeared with two of seven 
colors Incidental learning was measured by 
the number of correct form-color pairings the 
Ss could recognize when all combinations 
were presented on a printed sheet Half of 
the Ss were told at the beginning of the study 
that they could win money as a prize, and 
half simply were asked for their cooperation 
Incidental learning was greater when Ss were 
offered money, both for Ss who later stated 
they had tried to learn the color-form com- 
binations and for Ss who stated they did 
not Perhaps the type of drive as well as the 
strength of drive is important m determining 


the incidence of incidental learning In this 
study a nonaversive drive was used, whereas 
the studies with adults mvolved aversive drive 
states such as hunger or anxiety 

INTERRELATIONS IN LEARNING 

In the preceding section it was seen that 
incidental and intentional learning apparently 
involve different psychological processes, foi 
scores "obtained on tests of the two types of 
learning were not significantly correlated This 
opens an interesting topic, that of ascertain- 
ing the interrelations among vanous tasks that 
are used to measure children s learning Thus 
far, there has been no discussion of the cor- 
relations among scores obtained in different 
types of learnmg tasks There is a very simple 
reason for this The common practice has 
been for an investigator to use a particular 
type of problem to assess the influence of cer- 
tain experimental variables, and rarely have 
the same Ss been presented more than one 
type of problem Data are available, however, 
concerning the intercorrelations among scores 
obtained on a variety of learning tasks These 
studies have tended to be undertaken by per- 
sons interested in the analysis of the psycho- 
metric structure of learnmg ability and have 
been concerned with the question of whether 
learning is a unitary function oi whether it is 
necessary to posit different types of learning 
abilities 

One of the earliest studies with children 
was Husband's (1941) investigation of the 
effects of the range of intelligence on the in- 
terrelations among tasks. It had been sug- 
gested that the low correlations typically 
found among learning tasks with adults re- 
sulted from the restricted ranges of intelligence 
sampled m the studies Husband presented a 
senes of tasks to Ss in grades 7 and 8 with 
IQs ranging between 81 and 162 The median 
correlation among tasks was 10 and the range 
of correlation was similar to that found m the 
earlier studies, Although the median intertask 
correlation was low, high correlations some- 
times were found between similar tasks, such 
as rate of learning a finger maze and a mental 
maze (r=: 37) 

A more extensive study was reported by 
Stake (1961), who presented 12 learning 
tasks to 240 Ss m grade 7. The tasks differed 
on three dimensions, content (verbal-nonver- 
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bal), type (rote, relational), and mode of 
presentation (group versus gamelike individ- 
ual tests) Each S’s performance on each task 
was fitted to a theoretical learning curve with 
three parameters The highest mtercorrela- 
tions were obtained with the parameter of 
asymptotic level as measured by total errors 
The medians of the correlations between as- 
ymptotic level for each task and all other 
tasks varied between 10 and 30 The highest 
correlations were those between two forms of 
the same learning or memory task or between 
various memory and learning tasks Stake con- 
cluded that his lesults piovided no evidence 
for a general learning factor, for the separa- 
tion of rote and relational learning, or for ver- 
bal tasks to load on a verbal learning factor 
Further, mode of presenting the material had 
no differential effect on the correlations, indi- 
vidual differences in performance weie com- 
parable foi Ss tested m groups and individ- 
ually 

A study by Duncanson (1964) included 
three types of task rote memory, paired as- 
sociates, and concept formation Three types 
of material weie used in each task verbal, 
numerical, and figural The tasks were given 
to 102 Ss m grade 6 Duncanson obtained a 
set of coefficients for each S on the basis of 
the number of components necessary to de- 
scribe his peiformance The intertask correla- 
tion matrix yielded correlations of approxi- 
mately the same magnitude as those found m 
previous studies A number of significant coi- 
relations were found between the various rote 
memory and paired-associate tasks, but there 
weie few mstances of significant relations be- 
tween either concept formation and rote 
memory or concept formation and paned as- 
sociates A factor analysis of the data yielded 
more distinct separations of the tasks than 
had been found by Stake Tasks involving 
words had high loadings on verbal factors and 
tasks involving numbers and figures had high 
loadings on nonverbal factois The most un- 
expected result was the specificity of the con- 
cept-formation factor, which was defined 
solely by the thiee concept-formation tasks 
Stevenson and Odom (1965) repoited the 
interrelations among peiformance m five tasks 
paired associates, two discrimination learning 
tasks, a concept-formation task, and anagiams 
The Ss were 354 children enrolled m grades 
4 and 6 The median correlation among the 


tasks was 17 There were no significant cor- 
relations between the two most complex tasks, 
concept formation and anagrams, but the cor- 
relations between what had been presumed 
to be the most simple and the most complex 
tasks, paired associates and anagrams, were 
consistently significant acioss both grade and 
sex Consistently significant correlations also 
were found between the two forms of discrim- 
ination learning 

The previous study was extended by Stev- 
enson, Hale, Klein, and Miller (1968) to in- 
clude 12 different ta'sks, consistmg of paired 
associates, discrimination learning, probability 
learning, incidental learning, and tasks involv- 
ing verbal memory, concept of probability, 
concept of conservation, and anagrams The 
Ss were over 600 children in grades 3 to 7 
In analyses of the data obtained over a broad 
range of intelligence at grade 7, the median 
mtercoi relation among tasks was 30, when 
the analyses included samples of Ss of average 
langes of IQs across all grades, the median 
mtercon elation was 20 The correlations 
weie somewhat higher than those found in 
the previous studies, but even heie fewer 
than 10% of the correlations weie above 50 
Tasks that weie highly similar in structure, 
such as the two paired-associate, the two 
memoiy, or the two concept of probability 
tasks, tended to be significantly related in all 
analyses The presence of verbal material m 
a task appeared to be the single most impor- 
tant determinant of the frequency and magni- 
tude of the correlations found in the study 
The greatest number of significant correla- 
tions was produced by paired associates, ver- 
bal memory, and anagrams, all of which were 
highly dependent upon verbal processes The 
frequency of significant correlations among 
the learning tasks was no greater than that 
among the remaining tasks, which were as- 
sumed to be examples of problem-solving 
tasks 

The number of studies is small, but the 
results aie consistent Low positive mtercor- 
relations tend to be found among different 
learning tasks, except when the tasks are 
similar m structure, or, m some cases, snnilar 
in content These results are comparable to 
those found m studies with human adults and 
animals, even though the studies with chil- 
dien have tended to include larger and more 
heterogenous samples of Ss Thus far, at 
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least, there appears to be little basis for as- 
suming that learning represents a unitary 
function that operates m a similai manner 
across different learning tasks Information is 
too limited to draw more than this negative 
conclusion, which, in itself, is absorbing in- 
formation for anyone who is tempted to con- 
struct a theory of learning based on children's 
performance m a restricted sample of prob- 
lems 

LEARNING AND INTELLIGENCE 

Intelligence often is assumed to be closely 
related to the child’s ability to learn and re- 
sults of intelligence tests frequently are used 
to make predictions about future academic 
success In fact, Bmet’s original work on the j 
construction of intelligence tests was insti- 
gated by the request of city authorities to de- 
velop an instrument to identify slow learners 
before they entered the Pans public school 
system Although there have been many stud- 
ies of the relation of IQ to performance in 
school, there have been remarkably few stud- 
ies of the relation of IQ to performance in 
standard learning tasks 

The early studies of sensorimotor learning 
reviewed by Munn (1954) genei ally revealed 
little, if any, correlation between children’s 
rate of learning and IQ, and low correlations 
weie reported for more complex serial learn- 
ing tasks by Garrett (1928) and Garrison 
(1928) These studies were criticized, how- 
ever, because of the restricted range of ability 
represented in the groups from which the Ss 
had been drawn Husband (1941) attempted 
to counter this cnticizm by sampling from a 
broader range of intelligence, but the magni- 
tudes of the correlations were similai to those 
that had been found m other studies Some 
correlations, however, were moderately high, 
for example, the correlation between rate of 
learning a finger maze and IQ was 38 and 
between rate of learning a mental maze and 
IQ was 34 Similar results weie found by 
Simrall (1947), who used gam scores of sev- 
enth giaders derived from the repeated ad- 
ministration of the Thurstone Memory, Spa- 
tial Relations, and Perceptual tests The gam 
scores were not highly correlated with IQ or 
with each other On the basis of her study 
and previous studies, Simrall concluded that 


intelligence could not be defined as the abil- 
ity to learn 

The results of four recent studies do not 
lead to quite so negative a view In the stud- 
ies by Stake (1961), Duncanson (1964), 
Stevenson and Odom (1965), and Stevenson, 
Hale, Klein, and Miller (1968), high fre- 
quencies of significant correlations between 
performance on learning tasks and IQ were 
found The median correlation between Otis 
IQ and error scores was 36 in the study by 
Stake The tasks for which the correlations 
were above die median included various 
forms of paired-associate learning, memory 
foi patterns of numbers, and verbal memory 
Duncanson found a median correlation of 24 
between Kuhlmann- Anderson IQ and the co- 
efficient for the first component in his analysis 
of the learning curves obtamed from three 
forms of paired-associate learning, concept 
formation, and rote learning The highest cor- 
lelations (r = 43 to 44) were between IQ 
and verbal paired-associate learning, verbal 
rote memory, and figural rote memory In the 
study by Stevenson and Odom, correlations 
for paired-associate learnmg and anagrams 
with Lorge-Thoindike IQ ranged between 28 
and 57 The concept-formation tasks used m 
all three studies yielded a median correlation 
of 11, with no correlations with IQ above 29 
In the study by Stevenson, Hale, Klein, and 
Miller a median coi relation of 34 was found 
between Lorge-Thomdike IQ and perform- 
ance on 12 learning and problem-solving 
tasks when the analyses included seventh- 
grade Ss representing a broad range of intelli- 
gence, and a median correlation of 37 when 
the analyses included children m grades 3 to 
7 with an average lange of intelligence Par- 
ticularly high frequencies of significant corre- 
lations were found for tasks with verbal con- 
tent paired associates, verbal memory, and 
anagrams 

Another group of studies relating IQ and 
performance m learning tasks has been re- 
viewed by Zeaman and House (1967) Al- 
though these were not correlational studies, 
level of intelligence was related to learning 
by comparing the performance of groups of 
Ss differing m IQ oi MA Comparisons of 
groups differing in IQ yielded fewer differ- 
ences m performance than comparisons of 
groups differing in MA Diffeiences specifi- 
cally associated with IQ appeared only when 
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the groups differed gieatly in intellectual level 
or when the tasks were very complex 

The results of these studies lead to the con- 
clusion that although level of intelligence may 
be a significant determinant of performance 
m learning tasks, intelligence and learning 
ability are not identical functions Those in- 
stances iruwhich moderately high correlations 
have been found tended to use verbal mater- 
ial, tests of the ability to acquire associations, 
and material similar to that found in intelli- 
gence tests 

OBSERVATIONAL LEARNING 

Neaily all of the previous studies have in- 
volved learning m one-person situations A 
vast amount of learning occurs, however, m 
social situations where the child himself re- 
mams inactive but is able to view the efforts 
and effects of adults and peers as they engage t 
m activities with objects and with each other 
Such learning is described by such terms as 
observational learning or imitation Pioblems 
of analysing performance m learning tasks 
become much more complex when all the var- 
iables that operate in a social context must be 
considered, and, as Bandura and Walters 
(1963) have pointed out, the principles de- 
rived from studies of animal and human learn- 
ing in nonsocial contexts must be extended 
and modified, and new principles must be 
added, if learning m social situations is to 
be understood Despite the apparent com- 
plexities, progress has been made in the past 
decade m clarifying many of the basic proc- 
esses in observational learning It would be 
impossible to present within this one chapter 
an adequate picture of all the ramifications of 
this research, but since many of the issues are 
discussed extensively m other chapters, the 
discussion here will be limited to a review of 
studies that have exammed the conditions 
under which observational learning occurs 
and the variables that play an important role 
in determining its manifestation m perform- 
ance 

In Discrimination Learning 

Wilson (1958) was interested in deter- 
mining whether preschool children are able 
not only to learn to imitate the responses made 
by an adult model but also to make the ap- 
propriate response in the absence of a model. 


After an initial stage m which the child learned 
to imitate the model's choice of one of two 
identical containers, two containers differing 
m shape and color were introduced The 
model consistently chose one of the containers 
for eight tnals and then left the room, after 
which the game was resumed without the 
model The experimental Ss learned the dis- 
crimination much more rapidly than a control 
group given standard discrimination learning 
tnals throughout the study Thus, even though 
they had not been instructed to do so, the 
children had learned the nature of the cntical 
cues whileTmitatmg the model's choices 

McDavid (1959) found somewhat less posi- 
tive results when Ss were le warded consistent- 
ly for imitating a model's choices of one of 
two objects On tnal 1, only 28% of the pre- 
school Ss made an imitative response, and afterc* 
24 trials, 44% had not learned an imitative so- 
lution to the problem The task differed fiom 
that used by Wilson in two important ways 
the child never saw whether the model re- 
ceived a reward for his choice, and the color 
and position cues of the objects were irrele- 
vant for solution Thus learning to imitate 
was more difficult when the model's responses 
were not differentially associated with an ex- 
ternal cue and when the results of the model's 
choice were unknown to the Ss The number 
of imitative responses did increase across 
tnals, and there was a significant interaction 
between sex of S and age of S Imitation 
scores for older preschool boys were lower 
than those for younger preschool boys, but 
the scores for the girls increased with age It 
was assumed that this interaction was related 
to the fact that boys more than girls progres- 
sively are taught to become more independent 
as they become older 

The implication that imitation would be 
less frequent when the model's responses 
were not associated differentially with environ- 
mental cues was investigated directly by Mc- 
David (1962) Four-year-olds were tested m 
a three-choice discrimination learning task m 
which an imitative response was rewarded, but 
the consistency of the model's behavior varied 
The model consistently chose one of the three 
stimuli for one group of Ss, chose one stimulus 
two-thirds of the time for another group, and 
one-third of the time for a third group, The 
frequency of imitative behavior increased as 
the models behavior became increasingly 
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consistent The proportions of Ss meeting a 
criterion of six successive imitative responses 
were 90, 50, and 10 in three groups, re- 
spectively An increasingly strong tendency to 
ignore the moders behavior was apparent as 
the conditions lequired greater degrees of at- 
tention to the discriminative cues 
A much more extensive series of responses 
were made by the model m a study by Band- 
ura and Huston (1961) During the course 
of responding m a two-choice discrimination 
problem, the model exhibited verbal, motor, 
and aggressive responses that were irrelevant 
to the learning task There was a high fre- 
quency of imitation of the incidental behav- 
ior, for example, 90% of the Ss imitated the 
model’s aggressive response (knocking a doll 
off one of the discriminative stimuli) and 45% 
marched toward the stimuli in the manner 
performed by the model Prior to the experi- 
mental session, half of the Ss had been ex- 
posed to the model for two 15-minute sessions 
in which the model behaved m a very nurtur- 
ant manner, and half had been treated in a 
non-nurturant fashion The frequency of imi- 
tation of the incidental responses was greater 
following the nurturant than non-nurturant in- 
teractions, but these conditions did not signif- 
icantly influence the frequency with which the 
Ss imitated the model’s choice of the discrim- 
inative stimuli Partial support was obtained 
for a positive relation between the child’s de- 
pendency as rated from observations of social 
interactions in the nursery school and fre- 
quency of imitative behavior, the correlation 
was significant for imitative verbal behavior, 
but not for the other categories 

The same task was used by Bandura, Ross, 1 
and Ross (1963b) to study the effects on lmi- ( 
tahve learning of the role adopted by the 
model Two adults served as models, and be- 
fore the discrimination learning task was in- 
troduced, an attempt was made to establish a 
different role for each adult One adult was 
the controller and dispenser of resources, for 
example, he “owned” the toys and dispensed 
cookies and juice The second adult assumed 
the role of consumer and was the recipient of 
the controller s favors. In a second situation, 
the Ss were the recipients and the other adult 
was ignored by the controller During the dis- ’ 
crimination learning task each adult exhibited 
a different set of novel, nxelevant verbal and^ 
motor responses while making his choices. 


Theie was a greater tendency for the Ss to imi- 
tate the model who had been the controller 
of the resources, regardless of whether the 
other adult or the Ss themselves had been the 
lecipient of the rewards, than to imitate the 
adult who was the child’s rival as the con- 
sumer of the resources 

In a final study of the type, Fletcher and 
Orr (1967) found that observation of the cor- 
rect choice in two-choice discrimination prob- 
lems was relatively ineffective unless the Ss 
were required to point to the stimulus that 
was correct No model was used m this study 
and the information about the response that 
was correct was provided by a signal light 
in front of each object 

Variables Influencing Observational Learning 

Verbalization is another active form of re- 
sponse that may aid observational learning 
(Bandura, Grusec, and Menlove, 1966) Ob- 
servational learning was more effective when 
the Ss verbalized the content of the observed 
behavior than when the Ss observed passively 
or were engaged m competing symbolization 
The Ss watched a short film m which an adult 
displayed a series of novel patterns of behav- 
ior and used play materials m unusual ways 
The Ss were instructed to verbalize the model’s 
actions as they occurred, to count as they 
watched the film, or merely to pay close at- 
tention When the Ss later were asked to dem- 
onstrate all the model’s responses they could 
recall, the highest scores were obtained by the 
Ss who had verbalized while the model per- 
formed The Ss who had been instructed to 
count obtained significantly lower scores than 
the passive obseivers, apparently reflecting an 
interfering effect of the competing verbaliza- 
tion Half of the Ss had been tested under an 
incentive set m that they were told they 
would receive candy for each correct descrip- 
tion, but these Ss did no better than did Ss 
who had not been given such a promise 
The results of another study (Rosenbaum, 
1962) indicated that verbalization does not 
necessarily have to be made by S for recall 
to be improved Recall of the names of ob- 
jects was better when a peer or an adult ver- 
balized the names of the objects in the pres- 
ence of an attentive hut silent S than when 
there was no verbalization. 

The effects on children s imitation of the 
sex of the model and attentiveness of the 
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model were studied by Rosenblith (1959, 
1961 ) Before the study, kindergarten Ss weie 
given the Porteus Maze test In the experi- 
mental sessions, models of each sex weie as- 
signed to children of each sex, and for the 
first 10 minutes the model either maintained 
an attentive interaction with S or terminated 
it after 5 minutes and spent the rest of the 
time reading a book At the end of this period, 
a maze the child previously had failed was 
presented to the model, who traced it slowly 
and correctly The child, who had observed 
the model, then was given the maze This 
procedure was followed for seveial different 
mazes Observing a model was more effective 
than having additional trials with mazes in 
improving maze performance, and prior at- 
tention from the model resulted m gi eater 
improvement than did withdrawal of atten- 
tion Improvement was greater m boys than 
in girls, and the male was more effective than 
the female model But these general state- 
ments must be qualified by the piesence of 
significant intei actions among the variables 
Moreover, the second leport made clear that 
the type of imitative response was also an 
important variable A different constellation 
of results appeared when the measure was 
choices of a pencil of the same color the model 
used m completing his maze than when the 
measuie was improvement m tracing mazes 

As part of a larger study, Hetheungton 
(1965) investigated children's imitation of 
parental choices of objects The parents, and 
then the child, was asked to point to pictures 
in a set of 20 pairs that he thought were the 
prettier The Ss were 4- to 5-, 6- to 8-, and 9- 
to 11-year-olds The interesting feature of the 
results was that the incidence of imitation was 
greater for the parent who had been evalu- 
ated as being the dommant member of the 
family rather than for the parent of the same 
sex as the child, as might ordinarily be ex- 
pected 

Fifth graders who were lated as being 
above and below the median in self-esteem as 
measured by a paper-and-pencil test of self- 
evaluation were used by Gelfand (1962) in 
a study of imitation of preferences Before 
introducing the experimental task, the Ss were 
subjected to failure or success experiences by 
receiving higher or lower scores than a com- 
panion m four learning and performance 
tasks The second child then unwittingly 


acted as a confederate in a matching test by 
following a cue provided earher by the experi- 
menter as the basis for making his choices 
Self-esteem was not a significant variable m 
determining the number of imitative responses 
made by the Ss, but the frequency of imita- 
tion was significantly higher for Ss who had 
experienced failure than it was for the con- 
trol Ss or those who had been successful in 
the first phase of the study 
To test whether the likelihood that behav- 
ior will be imitated is influenced by the con- 
sequences that follow the model's choices, 
Barnwell and Sechrest (1965) tested pairs of 
Ss m grades 1 and 3 under different condi- 
tions of i enforcement One child was desig- 
nated the model and was seated at a table 
with toys He was asked to choose a toy to 
play with and after a period of time was 
praised oi criticized for his efforts The S, who 
had observed this sequence of events, then 
was asked which toy he wished to play with 
When S was busy with his choice, the model 
was asked again which toy he wanted to play 
with For first graders, the tendency was 
equally great in the observer and in the model 
to choose the same toy when the model was 
praised and to choose a different toy when 
the model was criticized At the third grade, 
both Ss chose the same toy with equal fre- 
quency when the model had been praised, 
but the observer tended to choose the toy that 
had been chosen by the model, even though 
the model's play had been criticized, and, m 
fact, the models themselves chose the original 
toy as frequently as a novel toy Thus the ef- 
fects of success on imitative choices weie 
roughly equivalent m all cases, but differ- 
ences were found m the effects of direct and 
vicarious punishment at the two grade levels 
* Another approach to this problem was taken 
by Kobasigawa (1965), who used a lever- 
pulling task and either allowed an adult per- 
former to succeed m completing the defined 
goal or blocked his peiformance one-fifth or 
nine-tenths of the distance from attaining the 
goal The Ss, first-grade boys, were asked to 
push a button that turned off a buzzei sig- 
naling the onset of each trial The results 
were very similar to those found when the 
peiformances of Ss themselves were blocked 
m these manners, The amplitude and speed of 
Ss' button-pushing responses were greater 
when the performer was blocked near the 
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goal than when he was far from success or 
was allowed to succeed The strength of this 
effect was not influenced by the relation be- 
tween the performer and the child established 
before the task by means of supportive or 
nonresponsive reaction to Ss as he played 
games with the experimenter 

Direct and vicarious effects of a shift m 
magnitude of reward on performance of kin- 
dergarten Ss in a lever-pulling task were in- 
vestigated by Bruning (1965) For 30 acqui- 
sition trials Ss received either one or five 
pieces of candy and on 30 subsequent trials 
the level of incentive was either maintained at 
the original level or shifted to the alternative 
level The Ss performed the task alone, or 
they observed during the first 30 trials and 
performed during the last 30 trials Response 
speeds were faster with the lower level of in- 
centive and a shift from a high to a low level 
of mcentive produced increased speeds of 
response The results were the same whether 
the S was an observer or a performer during 
the initial set of trials Reward to one child 
affected not only his performance but also the 
subsequent performance of an observer who 
was present in the situation 

Baer and Sherman (1964) have shown that *' 
social reinforcement of imitative responses may 
result in the generalization of imitation to a 
response that was never reinforced A highly 
novel procedure was used m this study Pre- 
school Ss were introduced to a talking puppet, 
which engaged them m conversation and in- 
duced them to imitate such behaviors as 
head-nodding, mouthing, and making strange 
verbalizations The puppet praised the Ss for 
their performance and m the course of sub- 
sequent interactions began pressing a bar 
Nearly two-thirds of the Ss demonstrated imi- 
tative bar-pressing and later, when reinforce- 
ment no longer followed the other imitative 
responses, extinction of imitative bar-pressmg 
occurred 

Aggression 

The study of imitative learning was ex- 
tended by Bandura, Ross, and Ross (1963a) 
to a consideration of the learning of aggres- 
sion through exposure to aggressive behavior 
in real-life models and as depicted m films 
by adult models or a cartoon character In * 
each case the models exhibited a wide range j 
of verbal and physical aggression After this 


exposuie, the Ss (preschool children) were 
mildly frustrated by having some toys they 
were playing with taken away, and then they 
were led to an experimental room, which 
contained many of the objects that had been 
used by the model m displaying aggression 
Exposure to filmed aggression, as well as to 
real-life aggression, increased the Ss aggres- 
sive responses All three expenmental groups 
displayed more imitative aggression than did 
the control Ss who had not seen the film, and 
the effect was equally strong with Ss who had 
been exposed to aggressive models m person 
and m film There was more imitative aggres- i 
sion by boys than by girls, and by Ss exposed 
to a male than to a female model Hicks 
(1965) repeated the study, using films de- 
picting male and female adults and male and 
female peer models The male peer had the 
greatest immediate influence as a model for 
imitative aggression, but the adult male had 
the most lasting effect, as reflected in aggres- 
sion scores obtained by the Ss after a 6- month 
interval 

Bandura, Ross, and Ross (1963c) found 
that preschool children displayed more imita- 
tive aggression after they had seen an aggies- 
sive model rewaided for his aggression than 
when the model was punished or no specific 
consequence followed the aggression The po- 
tential power of observation as a means of 
acquiring complex forms of social behavior is 
clearly demonstrated m this senes of studies 

Comments 

Young children obviously are capable of 
learning to imitate the behavior of others and, 
in the course of doing so, of acquinng rele- 
vant information about the characteristics of 
the environment m which the imitative re- 
sponses were made Observing the conse- 
quences of a models responses appears to 
influence the behavior of the child in a man- 
ner similar to that which occurs when the 
child has like experiences m the course of his 
own performance Once another person is in- 
troduced into the learning situation as a sig- 
nificant participant, a host of variables that 
have received little attention m other studies 
of learning take on critical importance The 
relation between the model and the child, the 
role adopted by the model, and the personal- 
ity characteristics of the child are examples of 
the types of variable that seem to influence 
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the degree to which observational learning 
occurs It is likely that learning m what may 
appear superficially to be one-person situa- 
tions also is subject to the effects of these 
variables 

CONCLUDING REMARKS 

Although an attempt was made in this re- 
view to mclude topics currently receiving 
primary attention from developmental psy- 
chologists interested m children’s learning, 
several potentially important topics have been 
omitted Research on learning in school set- 
tings is perhaps the most glaring omission 
There are two reasons why these studies have 
not been discussed First, the studies usually 
have been undertaken m the context of proj- 
ects on curriculum development or the use of 
mechanical and electronic aids m teaching and 
appear at present to have greater implications 
for education than for developmental psychol- 
ogy Second, although many studies of school 
learning are under way, so few have been 
published that their importance for the psy- 
chological analysis of children's learning is 
difficult to ascertain Another omission is the 
study of learning disabilities m children 
These, and studies of learning m the mentally 
retarded, constitute a large body of research, 
and the only justification for their omission is 
that there was neither time nor space 

It has been difficult to decide which articles 
to mclude withm each topic Biases and pref- 
erences undoubtedly play a part in determin- 
ing choices, but the goal was to include the 
most relevant and soundly executed studies 
that could be found In some cases isolated 
but important studies have been omitted be- 
cause there was no context in which they 
could be discussed 

What impressions remain after reviewing 
the literature? First, a strong impression is that 
a gieat deal has been done in a very short time 
If the energetic pace of the past decade is 
maintained or accelerated, we soon should 
have a good grasp of how numerous variables 
influence children's learning Studies com- 
pleted more than 15 years ago seem to have 
done httle more than set the stage for the re- 
cent work The earlier studies provided inter- 
esting and useful normative and descriptive 
data and illustrated many of the ways in which 
children s perfonnanee might differ from that 


of animals and human adults As more and 
more of these differences have been uncov- 
ered, the influence of theories based on re- 
search with animals and adults has tended to 
decline m importance as directive influences 
on research with children 
Munn (1954, p 449) concluded m his 
earlier review that, apparently, “the phenom- 
enon of leammg is fundamentally the same 
whether studied m the animal, child, or adult 
It is probably impossible to devise situation^ 
that would critically test this conclusion Even 
if it were correct in the broadest sense, many 
variables have been found to have differential 
effects on children's and animals’ or adults' 
performance In fact, variables often have dif- 
ferent effects with children at different de- 
velopmental levels Such findings greatly add 
to the difficulty of the task of theory construc- 
tion It seems fair to say that no theory has 
survived the onslaught of the accumulated 
data Diffeient theoietical positions are capa- 
ble of handling small amounts of the data, 
but none is effective m handling a significant 
portion of the results Frequently, the behav- 
ior of very young children can be predicted 
from S-R models, but it is often easy to mod- 
ify the task so that their performance violates 
the predictions that have been made There 
was hope that the addition of mediation 
mechanisms would make it possible to pre- 
dict the behavior of older children in S-R 
terms, but the results have offered only partial 
support for the utility of such constructs Ob- 
viously, new approaches to theory construc- 
tion are needed, and hopefully these will 
depart from the framework of traditional 
learning theories and incorporate a considera- 
tion of the role of developmental processes m 
learning 

After reading these studies, one is not im- 
pressed by statements implying nearly total 
malleability of the child It is always possible 
to criticize studies by saying that the tasks 
were artificial or were inappropriately pre- 
sented, however, there are too many instances 
in which leammg did not occur or m which 
variables were ineffective to permit the as- 
sumption that other techniques would have 
permitted any child to discover and perform 
the correct response For example, verbal in- 
structions, incentives, models, and degree of 
training may be important factors in produc- 
ing correct response at some ages oi m some 
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children, but such factors as the developmen- 
tal status of the child, his past experiences, 
and his motivational state may place impor- 
tant restrictions on the degree to which the ex- 
perimental variables can influence the child's 
performance 

What are the most salient features of chil- 
dren s learning? A brief statement cannot be 
adequate, but a number of pomts can be made 
Learning occurs from the time of earliest in- 
fancy and at all ages there are large individual 
differences in the rate of attaining the correct 
response The individual differences cannot 
be attributed to any single .characteristic In- 
telligence, which would seem to be a likely 
basis for such differences, especially among 
older children, proves to be a significant vari- 
able but is capable of accounting for only a 
moderate portion of the variability found 
Childrens motivation to learn appears to be 
very high, at least with these childien, usually 
from middle-class families, who typically con- 
stitute the samples of Ss included m the stud- 
ies The high motivation does not appear to 
be strongly dependent upon a desire to obtain 
material rewards, for it is difficult to produce 
differences m performance by manipulating 
incentive conditions, except when the re- 
sponses are already well learned or the Ss 
have been subjected to conditions of depriva- 
tion This is not to say that the consequences 
of response do not have important effects on 
learning Rather, the most important conse- 
quence appears to be knowledge of the cor- 
rectness of response After infancy, pleasing 
the experimenter and, later, pleasmg them- 
selves seem to be the most important mcen- 1 
tives for children's acquiring the correct re- 
sponse biases and stimulus preferences, which, 
has been used, its influence in producing cor- 1 
rect response appears to be due to its mcreas-i 
ing the child's attention to the task 

Verbal instructions, the most common means 
by which adults attempt to impart informa- 
tion, do not appear to be a highly effective 
means for controlling the behavior of young 
children, especially when the effects of in- 
structions are contrasted with those resulting 
from actual performance or observation of the 
performance of others- Even young children 
enter the experimental situation with strong re- 
sponse biases and stimulus preferences, which, 
if m accord with correct response, lead 
to rapid learning and otherwise interfere with 


performance Young children seem to be more 
dependent upon the characteristics of the ex- 
ternal situation than are older children Older 
Ss are more likely to respond in terms of their 
own hypotheses and expectations Such im- 
plicit response tendencies may facilitate learn- 
ing unless they result in the child's overcom- 
plicating or responding inappropriately to the 
experimental task Two common obstacles to 
rapid learning are the child’s failure to attend 
to the stimuli and to determine the cntical 
features by which the stimuli differ Once ap- ^ 
propnate attentional and discriminative habits 
have been developed, the child can transfer 
prior learning to a new situation with great , 
ease 1 

The role of language m learning is less 
simple than had been assumed The child ap- 
pears to go through at least three stages,, 
first, he may not have the words that are nec- ,! 
essary to direct behavior, then, he may ac- 1 
quire the words but not use them, and, fi- 
nally, he may have the words and use them 
appropriately The time at which words can 
function efficiently as mediators of response 
is probably later than had been assumed, for 
the performance of 6- and 7-year-olds does 
not consistently indicate that mediation has 
occuried Labeling objects may improve learn- 
ing by providing a verbal mediator or by 
focusing the child’s attention on the stimuli 
and emphasizing the differences among stim- 
uli 

Social variables, such as the child’s relation 
with the experimenter, the social milieu m 
which he has been raised, and his opportuni- 
ties to use the behavior of others as models 
foi his own behavior, significantly influence 
the rate at which he will learn It is doubtful ’ 
that any task presented by an adult is totally 
uninfluenced by the operation of social vari- 
ables Personality characteristics of the child, 
most notably his level of anxiety and motiva- J 
tion to achieve, also have a significant effect * 
on performance in learning tasks 

Only a few instances were noted where the 
experimental studies of children’s learning 
have been utilized in practical situations Nev- 
ertheless, the studies have many important \ 
implications for teaching and rearing children \ 
It would be inappropriate to deduce from 
these studies that the vanables necessarily 
would have the same effects on learning in 
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everyday situations that they have in con- 
trolled laboratory settings To answer such 
questions it will be necessary to undertake 
translational studies in which the effects of 
the vaiiables are investigated m the context 
of the practical setting The attempt m the 
1930s to apply the results obtained with ma- 
ture animals and human adults to the young 
child led to important lessons m the futility of 
incautious applications of laboiatory research 


to everyday life These settings are similar 
enough, however, so that experimental stud- ^ 
les may be useful sources of information about 
how to construct tasks and situations that will 
result in better learning The extension of in- " 
terest to practical problems and the continua- 
tion of research m the laboiatory should pro- 
duce exciting advances dunng the next few 
decades in oui knowledge about childrens 
learning 
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D E BERLYNE 


The problem of defining reasoning and 
thinking, and thus specifying the boundaries 
of this chapter, is a formidable one When 
definitions of thinking have been offered, 
they have almost invariably been lacking m 
precision, and, more often than not, they 
have borne the stamp of commitment to 
particular theoretical interpretations Thought 
has sometimes been conceived so broadly 
that it encompasses virtually all conscious or 
internal phychological processes, as the word 
so often does m everyday speech (“Penny 
for your thoughts!”) An even more extreme 
view has maintained that “thought is simply 
behavior — verbal or nonverbal, coveit or 
overt” (Skinner, 1957, p 449) 

In the history of psychology, there have 
been two traditions with contrasting views of 
the role of thinking The rationalist-spiritualist 
tradition flourished in continental Europe 
during the seventeenth to nineteenth cen- 
turies It had a strong inclination, traceable 
at least as far back as the works of Plato and 
Aristotle, to emphasize the uniqueness of 
human thought, its intimate connections with 
volition, and the determination of behavior 
by cogitation, understanding, and judgment 
The rival empincist-sensatiomst-association- 
lst-matenalist current, which was particu- 
larly strong in Great Britain during the same 
period and gradually spread over a wider 
area, tended to regard thought as a derivative 
of sensation and, to a lesser extent, of action 
In the present century a similar division 
exists, although the two traditions have un- 

1 The preparation of this chapter was facilitated 
by a grant from the Ontano Institute for Studies 
m Education 


dergone radical transformations Members of 
the Gestalt-cognitivist current see behavior 
as governed largely by “representations,” 
"models,” or “images” of external reality — in 
other words, by factors akin to thinking They 
are, however, less inclined than their rational- 
ist predecessors to treat thought as a proto- 
type of psychological functioning In its 
earher phase, this current tended to char- 
acterize thought as a derivative of perception 
More recently, its representatives have been 
greatly influenced by computer analogies and 
tend rather to analyze thought m terms of 
storing and processing information On the 
other hand, the reflexologists and behavionsts 
of the early twentieth century and the later 
neobehaviorists of the S-R or neoassociatiomst 
current have been hesitant m assuming that 
representational processes intervene between 
stimulus and response They have done so 
only when there seemed to be no alternative, 
and they have treated thoughts as covert or 
internal responses, derived from overt motor 
responses 

In this chapter we shall adopt a set of 
definitions that have been outlined elsewhere 
(Berlyne, 1965a) and are meant to represent 
the highest common factor of several ap- 
proaches that have been proposed The word 
thinking is applied when behavior can be 
assumed to depend on a chain of two or I 
more representational or symbolic mtraor- 
gamsmic' events Neoassociationists would 
classify these events as both “symbolic re- 
sponses” and “symbolic response-produced 
stimuli,” having a prediliction for hypothesiz- 
ing, as a working assumption, that central 
events are governed by some of the same 
principles that govern overt responses and 
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external stimuli Others (notably those par- 
tial to cognitivist theories) prefer not to 
adopt such a strategy 

Following suggestions made by such di- 
verse writers as Maier (1929), Hull (1935), 
and Boiko (1955), we can regard reasoning 
as a process whereby several pieces of prior 
learning combine to produce a solution to 
a newly encountered problem In other words, 
a new stimulus-response association (using 
this term m a purely statistical sense) can 
be assumed to lesult from the previous acqui- 
sition of two oi more learned associations 
that differ from the new association and 
from one another m their stimulus terms, 
their response terms, or both 

Not all thinking is leasonmg, autistic 
thinking (eg, daydreaming) is not Not all 
reasoning is thinking, there aie seveial cases 
of leasonmg (eg, m lower animals) that 
can be explained by the intervention of a , 
single covert symbolic response rather than ‘ 
a chain of symbolic responses Any piocess 
that satisfies simultaneously the criteria for 
thinking and for reasoning can be called di- 
rected thinking 

Accordmg to a conceptualization that has 
been developed on the basis of these defini- 
tions (Berlyne, 1965a), directed thinking is 
essentially a process of arriving at beliefs, 
evaluations, and decisions through symboli- 
zation of sequences of transformations and 
their outcomes This means that the salient 
attributes and problems of thinking emerge 
most cleaily when a dynamic situation, in- 
volving a succession of changes m the stimu-> 
lus field, is given lepresentation within the 
organism Directed thinking helps us out 
whenever we cannot tell how to react to a 
given event without identifying the chain of 
past changes that has led up to the event or 
the chain of future changes that the event 
heralds Even a static situation can be hand- 
led m the same way, as we focus on various 
aspects or properties in turn and keep track 
of the relations that connect one with another 
by means of a sequence of thoughts repre- 
senting transformations The most unequivo- 
cal examples of directed thinking, fulfilling 
the criteria for both thinking and reasoning, 
are cases of deductive inference, m which 
two or more thoughts are pieced together to 
, yield a conclusion that could not be reached 
1 if any of them were missing 


Other Categorizations 

In accordance with the foregoing discus- 
sion, this chapter will not deal with many of 
the topics that developmental psychologists 
are wont to place under such headmgs as 
"thinking,” "intellectual development,” and 
"cognitive development” (see Berlyne, 1965, 
1966a) For one thing, most of the investiga- 
tions that have been subsumed under these 
headmgs have been studies of “concept for- 
mation,” "concept attainment” or”*concept 
learning” These, and the somewhat different 
investigations devoted by Piaget to the de- 
velopment of "concepts” or "notions,” are 
dealt with m another chapter The usual 
concept-formation experiment, in which the 
subject has to distinguish those stimulus ob- 
jects to which a certain response, verbal or 
nonverbal, must be attached, involves dis- 
ci inclination learning Most, but probably not 
all, of the expenmental situations in question 
have requned mediated oi secondary general- 
ization and discrimination, that is, the mtei- 
vention of at least one symbolic response or 
label In many cases, the task cannot be com- 
pleted without recourse to inferential proc- 
esses involving complicated chains of sym- 
bolic responses So thinking can contribute 
to concept formation, and concept formation 
m its turn can indubitably affect the course, 
and especially the content, of directed think- 
ing But this does not mean that concept 
formation and thinking are the same thing 
(see Berlyne, 1966a) 

Similarly, numerous phenomena that will 
not be treated here have been classified as 
"pioblem solving” Often this term means 
exactly the same as concept formation At 
other times the term seems simply to covei 
any kind of learning in which stimuli have 
to be disci lmmated from one another or a 
conect response has to be selected from a 
set of competing responses In the absence 
of an agreed-on definition of what constitutes 
a "problem,” problem-solving does not seem 
to be a useful categoiy of behavior, and it is 
especially hazardous to identify it with think- 
ing 

Plan of the Chapter 

Since reasoning and thinking are highly 
specialized and intricate ways of manipu- 
lating and responding to symbols, we cannot 
properly examine them and research devoted 
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to them without first considering some ques- 
tions relating to symbolic functions m general 
We shall therefore first take up problems, 
ideas, and findings that concern the ongms 
and development of symbolic functions Then 
we shall turn to the development of ideational 
(that is, symbolic) control over behavior, of 
which rational control (control through rea- 
soning) is a particular form After these 
preliminaries we shall be m a position to 
look at work concerned directly with reason- 
ing and thinking on the child and, finally, 
to glance at some of the much neglected 
motivational aspects of these functions 

ORIGIN AND DEVELOPMENT OF 
SYMBOLIC FUNCTIONS 

Communicative and Representational 
Functions 

Symbolic lesponses (m the form of speech, 
gestures, facial expiessions, writing, and ac- 
tions that create symbolic artifacts) often, 
have a piimarily communicative function 
They are, in othei words, used to influence, 
the behavior of other human beings 01 ani- 
mals On the other hand, the symbolic re- 
sponses with which we are concerned are 
used representationally The organism that 
produces them uses them to influence its i 
own behavior Overt symbolic lesponses, 
which give rise to publicly available stimuli, 
can work m both of these ways at once How- 
ever, except m very early childhood, the 
representational function in human beings is, 
performed mostly by internal symbolic re- 
sponses, which can affect only the originator s 
nervous system Covert representational re- 
sponses come to predominate, presumably 
because of the advantages they offer m pri- 
vacy, lack of repercussions from disturbance 
of other persons, and relatively low effort 

Various views have been expressed on the 
relations between the communicative and 
representational roles of symbols 

Mead (1934), in an account that has had 
a profound direct or indirect influence on 
neobehaviorist analyses of intellectual pro- 
cesses, traced the origin of symbolization back ’ 
to the 'gesture,” which calls for an “adjustive 
response” in another organism The gesture 
becomes a "significant symbol” when "the 
individual responds to his own stimulus m* 
the same way as other people respond ” This 


capacity foi "putting oui selves in the place 
of others” is the source of thought, "for m 
ordei that thought may exist there must be 
symbols, vocal gestures generally, which 
arouse m the individual himself the response 
which he is calling out in the other, and such 
that from the point of view of that response 
he is able to direct his later conduct ” 

Much of contemporary Russian develop- 
mental psychology beais the lmpunt of 
Vygotski's (1934) view, which, although it 
has a distinct Marxist tmge, has much m 
common with Mead’s The "use and 
creation of implements of labor although 
present m embryonic form m some species 
of animals, are a specific characteristic of 
the human process of laboi” (p 48) This 
capacity gives rise eventually to the elaboiate 
economic activities that characterize human 
societies, and these, m their turn, require 
collaboration and therefore efficient communi- 
cation, which is ensured by language The 
child has to learn to speak to others and to 
respond appropriately to what he hears others 
say to him Giadually language, which origi- 
nates as a means of social control, turns into 
a means of self-control The child masteis 
the use of his own verbal responses, partieu- 
laily in the form of "inner speech,” to legu- 
late his own behavior The influence of this 
view in the Soviet Union has been reinforced 
by Pavlov’s emphasis on the "second signal 
system” or system of learned "connections” 
involving words (Pavlov, 1932) Human be- 
ings learn to respond to words as signals of 
signals belonging to the "first signal system,” 
that is, as substitutes for nonverbal condi- 
tioned stimuli Subsequently, kinesthetic stim- 
ulation from organs of speech is conveyed to 
the cerebral cortex, and its central correlates 
play then part m determining action 

Piaget (1947) agiees that the "system of/ 
collective signs” that constitutes language 
“conveys to the individual an already pre-i 
pared system of ideas, classifications, rela- 
tions — in short, an inexhaustible stock of 
concepts which are reconstiucted m each in- 
dividual after the age-old pattern which 
previously molded earlier generations ” 
Nevertheless, both Vygotski and Piaget 
deny that acquisition of verbal communica- 
tion is the sole souice of the internal repre- 
sentations on which thought depends Vygot- 
ski (1934) uses both phylogenetic and onto- 
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genetic arguments He points out that chim- 
panzees possess rudimentary eqmvalents of 
human thought and speech They are capable 
of elementary reasoning, exemplified by 
Kohler's (1921) famous expenments on "in- 
sight," and they vocahze to express affective 
states and to achieve "psychological contact 
with others of their kind ” These two func- 
tions are, however, quite independent m the 
chimpanzee Similarly, Vygotski refers to 
i experiments by C Buhler (1927) demon- 
strating insightful problem-solving in 10 to 
12-month-old human infants, which are “ex- 
actly like those of the chimpanzees” The 
origins of speech also appear before the first 
birthday in the form of babbling and uttei- 
ance of the first words The first signs of 
coalescence and mterdependence of intellec- 
tual and verbal capacities, as a result of which 
"thought becomes verbal and speech ra- 
tional,” do not appear until considerably 
later So Vygotski is led to insist that thought 
and language originate independently and 
later come to merge in the land of internal 
speech that constitutes much mature thmk- 
ing 

Vygotski's successors have discerned some 
corroboration for his statements m an experi- 
ment by Bozhovich (cited by Zaporozhets 
and El'konm, 1964) Children between 3 
and 5 years of age had to gam access to a 
picture, which was attached to one end of 
a lever, by usmg a rod to bring the lever 
nearer The solution to the problem neces- 
sitated first moving the picture away from 
oneself, which was a source of difficulty An 
earlier investigation by Levina had shown 
how children can at first solve such problems 
only by motor trial and error When they 
are a little older, they can look at the stimu- 
lus objects and plan a course of action, which 
they then implement Finally, they can plan 
a solution in the absence of the objects, us- 
mg words to represent them Bozhovich in- 
structed his subjects to describe verbally in 
advance how they would carry out the task 
The hope was that this prior verbalization 
might accelerate the appearance of a capacity 
for prior planning Some children were un- 
able to give any verbal description and sought 
a solution solely through motor activity Some 
gave verbalizations that reflected the same 
mistakes as their actions Some expressed 
vei bally a solution that they had already dis- 


covered All in all, there was no evidence 
that the verbalization helped in the discovery 
of a solution As Zaporozhets puts it, “Speech 
did not direct the intellectual process but was 
itself determined by it” The independence 
of reasoning and language m development is 
thus illustrated 

Piaget and Inhelder (1959) cite three ar- 
guments in denying that the acquisition of 
language is solely responsible for the classi- 
ficatory and ordering "operations” on which 
logical thinking depends They refer to stud- 
ies of deaf-mute children, apparently reveal- 
ing no serious abnormality m the development 
of ordering or of elementary classification Sec- 
ond, Piaget's earlier investigations indicate 
that, when the child first takes over the lan- 
guage current in his environment, he assimi- 
lates it to his own intellectual structures and 
does not immediately take over the forms of 
classification implicit m adult speech Finally, 
these authors' own developmental studies 
of logical operations show children to possess 
the linguistic tools that are necessary for 
adult logic (eg, the ability to use quantifiers 
like “all” and “some”) before they can use 
them reliably to frame correct statements or 
to arrive at valid inferences 

Piaget maintains strongly that the structures 
basic to logical thinking originate not in the 
t grammatical training through which a child 
learns to piece together syntactically correct 
sentences but m his experience of “coordinat- 
ing motor acts in sequences for the attainment 
(of practical ends ” 

Analysis of the Symbolic Function and of 
Meaning 

Many writers have referred to "representa- 
tions,” "symbols,” and the like with little or 
no attempt at definition, evidently assuming 
that their connotations are self-evident 
Others, in contrast, have endeavored to spe- 
cify with some semblance of precision what 
constitutes a “sign” or "symbol” and to 
analyze the relation between a sign or symbol 
and the object for which it stands (its “sig- 
nificate” or “referent”) 

These attempts have been extremely 
varied, but they fall into a few categories 
First, an object or stimulus has sometimes 
been held to evoke imagery or other mental 
content corresponding to the sigmficate Ac- 
cording to Titchener (1909), “meaning” can 
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be identified with "context” the meaning of 
a stimulus or an idea resides m the kinesthe- 
tic sensations or images that it evokes and 
that correspond to stimuli with which it has 
been accompanied in the past Ogden and 
Richards (1923) are responsible for another 
mentahstic account that at one time enjoyed 
some vogue A symbol, they maintained, 
evokes a conscious experience resembling 
what would have resulted from the "referent” 
if it had been present Tolman’s (1932} 
"sign-gestalt theory” constitutes a neobehav- 
lonst equivalent of the same approach, and 1 
variants of it reappear continually If a stimu- , 
lus, S x , has regularly been followed by an- | 
other stimulus, S 2 , then S 1 becomes a “sign” j 
and evokes an expectation of the sigmficate, 1 
S 2 But since Tolman believed that all learn- 
ing, however elementary, consists m the ac- 
quisition of expectations or "cognitions” of 
this sort, such a definition can scarcely serve 
to mark off a domain of intellectual or idea- 
tional activity that can be contrasted with 
simpler psychological processes. 

In contrast, the reflexologists and early 
behavionsts identified "meaning” with re- 
sponses Pavlov (1932) pomted out that in- 
numerable conditioned stimuli can act as 
"signals” of the relatively few unconditioned 
stimuli of outstanding biological importance, 
they acquire their signalling function by fre- 
quently preceding or accompanying an un- 
conditioned stimulus and mamfest it by 
evokmg responses associated with the un- 
conditioned stimulus in anticipation of its 
appearance Words, in then- turn, act as sig- 
nals (belonging to the second signal system) 
of nonverbal conditioned stimuli Similarly, 
Watson (1924) equated meanmg with the 
sumtotal of responses associated with a 
stimulus object " meaning’ is just a way 
of saying that out of all the ways the indivi- 
dual has of reacting to this object, at any 
one time he reacts in only one of these 
ways (p 250) 

This approach has two serious shortcom- 
ings Like the early introspective treatments, 
it regards "meanmg” as an attribute of virtu- 
ally all stimuli and therefore fails to capture 
the peculiarities of thinking and other idea- 
tional activity Further, it fails to recognize 
that a subject's reaction to a verbal or other 
pattern of symbols is, more often than not, 
quite different from the reaction that the sig- 


nifieate would have evoked if it had been 
present This is one fact that makes symbols 
so valuable Moms (1946) gives the example 
of a motorist who is told that a landslide has 
blocked the road some distance in front of 
him The communication makes him drive on 
a little further, until he finds a side road into 
which he can turn This is not what he would 
have done if he had seen an obstruction in 
front of him 

Neobehavionsts, especially those of the S-R 
or neoassociatiomst current, have adopted 
more complicated definitions, although they 
still single out responses as the links between 
sign and sigmficate Moms (1946) offered 
an informal paraphrase of his formal definition 
of a sign as follows "If something, A, controls 
behavior toward the goal m a way similar to 
(but not necessarily identical with) the way 
something else, B, would control behavior with 
respect to that goal m a situation m which it 
were observed, then A is a sign ” A sign is de- 
fined as a "symbol” if it is produced by its - 
interpreter (i e , an organism for which it is 
a sign) and acts as a substitute for some other 
sign with which it is synonymous 

This analysis has undergone further devel- 
opment at the hands of Osgood ( 1952) , whose 
definition has been accepted as the best avail- 
able to date by several writers, apparently 
including Morris himself (1964) He states 
that "A pattern of stimulation which is not 
the object is a sign of the object if it evokes ; 
in an organism a mediating reaction, this (a) f 
being some fractional part of the total behav- 
ior elicited by the object and (b) producmg 
distinctive self-stimulation that mediate re- 
sponses which would not occur without pre- 
vious association of nonobject and object pat- 
terns of stimulation” Osgood clarifies this 
definition with the help of the diagram shown 
m Fig 1, which also embodies a theory to 
explain how stimuli bocome signs In this dia- 
gram R t is the overt response pattern associ- 
ated with S, the sigmficate s is the sign 



Fig 1. Osgood’s analysis of the sign-sigmficate 
relation 
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which, through conditioning, comes to evoke 
r m , a “detachable” portion of R T (i e , elements 
of R t that can occur in the absence of S) 
This i m is the “mediatoi” (with which the 
“meaning” of the sign is identified) Then s m , 
the stimulus aspect of r m , evokes R x , an overt 
response pattern which may be different 
from R t 

Finally, the rather different and moie radi- 
cal proposals of Skinner (1957) must be men T 
tioned, especially m view of the profound 
influence that this writer has had on recent 
developmental psychology He prefers not to 
speak of signs, symbols, or meaning Instead, 
he reduces thinking and intellectual activity 
geneially to “verbal responses,” overt and co- 
vert Veibal responses are lesponses remfoiced^ 
“thiough the mediation of a person ” There 
aie two ways m which they become connected 
with the external objects or events that, ac- 
cording to other terminologies, they “repie- 
sent ” A “mand” (eg , a veibal lequest 01 com- 
mand) is regulazly reinforced by the appeai- 
ance of a particulai object or event A “tact” 
(e g , a sentence m the indicative mood or a 
name) has been regularly lemfoiced only m 
the presence of a particular object 01 event 
Skinners definition encompasses many forms 
of behavioi that would not be considered 
verbal or symbolic in the usual senses He is 
explicitly concerned to minimize the differ- 
ences between thinking and other forms of 
behavior, so that his analysis is haidly capable 
of thi owing light on the peculiarities of be- 
havior that are controlled by thought pro- 
cesses 

The essence of the Morns-Osgood approach 
is the assertion that signs evoke some of the 
same behavior as the corresponding sigmfi- 
cates but generally not the same behavior in 
all respects Other writers have singled out 
the ability to distinguish a sign or symbol 
from what it stands for as an indispensable 
attribute of the sign-sigmficate relation In 
other words, there must be some circumstance 
in. which the subject would react differently 
to the two For example, Piaget (1945) says 
that the “symbolic function” cannot properly 
be said to exist until the child can tell the 
difference between the “sigmfiei” and the 
“signified” This is illustrated by symbolic 
play A child may treat a doll as if it were a 
baby, but m othei conditions he makes it clear 
, that he can differentiate between the two 


Similaily, according to Werner and Kaplan 
(1963), “representation implies some 

awareness, however vague, that vehicle and 
refeiential object are not identical but are, m 
substance and form, two totally different en- 
tities ” 

Origins of Internal Symbolic processes 

Theie are two major views on the origins 
of internal symbolic events that can repre- 
sent external events m their absence The 
nmteenth-centuiy associatiomsts, like their em- 
piricist predecessors, thought of “ideas” as* 
faint copies of the sensations produced by 
stimuli impinging on sense organs Plato’s an- 1 
alogy of the impiession left on a piece of wax 
aftei a seal has been withdrawn was widely 
accepted. The Gestalt school piotested against 
this kind of psychology, but the view they 
favored was nevertheless similar They spoke^ 
of the elements of memoiy and thought as) 
“traces” of previous perceptions (Koffka, 1935) ' 
They contended, howevei, that a tiace cor- 
responds to a perceived pattern oi config-| 
uiation rather than a unitary sensation, which \ 
meant that structure and oigamzation weie 
important Fuitheimore, they held that a tiace 
undergoes endogenous changes, m accoi dance ^ 
with the law of “ Pragnanz after it has been 
fieed from the influence of its parent stimu- 
lus pattern These changes generally turn it 
into a distorted lepresentation, lather than a 
copy, of the parent pattern 

Othei theonsts, lepresentmg a surpnsing 
vanety of tiaditions, have contended, on the 
othei hand, that internal symbols denve from I 
motoi lesponses The lelatively late appear- 
ance, both phylo genetically and ontogeneti-, 
cally, of symbolic functions seems to them to ‘ 
argue against simple impiessionabihty of the 
nervous system as a basis for these functions 
Since particulai thoughts are usually evoked; 
by external stimuli and pnor thoughts, it seemsj 
defensible to refer to them as “internal” or j 
“implicit” responses Whether thoughts are 
sepai able from activities of muscles and glands 
has been debated since the days of eaily be- 
havionsm (see Humphiey, 1951) But even 
if they do not conform to the older and nar- 
rower definition of a response, they seem to 
qualify clearly enough as responses in the 
broad sense, that is, as events that can be- 
come associated with stimuli through learning 
(Miller and Dollard, 1941; Berlyne, 1965), 
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A hypothesis that has suggested itself to 
several writers is that internal symbolic re- 
sponses are derivatives of motor responses 
that have become associated, through learn- 
ing, with their significates This hypothesis 
has, in fact, appeared m three distinguishable 
variants 

1 According to one view, thought elements 
can be identified with minute contractions, or 
perhaps only action currents, in muscles These 
are insufficient to produce visible bodily move- 
ment but can supply kinesthetic stimuli to 
evoke subsequent responses (Watson, 1924, 
Washburn, 1926) Naturally, subvocal reac- 
tions of the speech organs have received most 
attention But Watson, the outstanding spokes- 
man of this view, recognized that attenuated 
reactions of the muscles subserving manual 
responses and of the muscles and glands of 
the viscera may also participate in thinking 
This approach has, fiom time to time, en- 
couraged statements to the effect that we 
think with the whole body rather than with 
the brain alone 

f 2 According to a different view, thought 
/elements consist of neural processes that, if 
allowed to complete themselves, would lead 
to innervation of muscles but are cut short 
before motor pathways are reached For ex- 
ample, Sechenov (1878) depicted a thought 
as a truncated reflex inhibition prevents the 
final or motor segment of the reflex arc from 
coming into play The sensory and central 
phases of the reflex occur alone, or, when a 
thought is evoked by another thought, the 
sensory as well as the motor phase may be 
lacking 

Piaget's (1949) scheme takes account of the 
* reciprocal action between the organism and 
the environment Originally, the organism 
does something to produce an environmental 
change, and this m its turn generates stimuli 
that act on the organism Thought uses “in- 
ternalized” versions of this piocess, whereby 
the motor act and the external environment 
are eliminated from the circuit The neural 
process that used to pioduce the motor act 
leads directly to the neural process that would 
have resulted from the external stimulus 

3 A view developed by Hull (eg, 1931) 
and made more explicit by Osgood (1953) 

• holds an internal symbolic event (Hull's “frac- 
tional anticipatory goal response,” (Osgood's 


“mediator”) to consist of some components 
(which may or may not be reduced in ampli- 
tude), but not others, of a complex motor 
pattern evoked by the sigmficate But which 
components will occur m anticipation of, or 
m the absence of, the sigmficate and thus 
serve to represent it? Osgood, following Hull, 
suggests that they will be the “detachable” 
components — those that are capable of occur- 
mg without the sigmficate This writer (Ber- 
lyne, 1965) has argued agamst such a view, 
suggesting that they will be component re- 
sponses that do not delay or jeopardize sub- 
sequent reinforcement by occuung before the 
sigmficate has been reached and that are thus 
relatively insusceptible to inhibition of delay 

These three variants are, of course, not mu- 
tually exclusive, so that there may be some 
truth m all of them 

Whatever form it takes, the reduction, at- 
tenuation, or internalization of a response has 
often been ascribed to the “law of least effort,” 
“principle of reactive inhibition/' and the like 
There seems to be a deeply rooted tendency, 
which makes obvious biological sense, for an 
organism to perform a response with the least 
degree of vigor that is compatible with fulfill- 
ment of its function Rats trained to press a 
bar m a Skinner box will gradually reduce the 
force that they exert until they reach die point 
beyond which reward will not be forthcoming 
(Skinner, 1938) Sequences of motor acts will 
sooner or later degenerate into brief gestures 
if these will do just as well, the most familiar 
example being the threatening gesture The 
relevance of this phenomenon to communica- 
tive symbolization has been pointed out by 
Mead (1934) and by Mowrer (1954) The 
same kind of process can go much further 
when symbols are used representationally, since 
they then need to have sufficient intensity to 
preserve their stimulus value but need not be 
strong enough to affect the external environ- 
ment 

Hull (1930) referred to “acts whose sole 
function is to serve as stimuli for other acts” 
as “pure stimulus acts ” These became the 
“cue-producing responses” of Miller and Dol- 
lard (1941) and the “mediators” of Osgood 
( 1952) In a strikingly similar vein, Vygotski 
(1960) made much of situations m which “the 
stimulus created by man himself determines 
his reaction” As illustrations, he cites tying 
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a knot to remember something and casting 
lots to resolve a conflict This is the root of 
“mastery of one's own process of behavior ” 
The transition to mediating activity radically 
reorganizes the entire mental operation, as the 
use of a tool modifies the natural activity of or- 
gans and endlessly extends the system of ac- 
tivity of the mental functions The former and 
latter together we designate by the term of 
higher mental function or higher behavior ” 

Some important aspects of the sign-sigmfi- 
cate relation can also be clarified by use of 
information-theoreticlanguage (Berlyne, 1965, 
Chap 1) There must be some degree of cor- 
relation or contingency or correspondence 
(not necessarily of similarity) between prop- 
erties of the sign or symbol and properties 
of the sigmficate This implies that the sign 
or symbol contains information transmitted 
from the sigmficate It does not, however, 
mean that the properties of the sigmficate 
must be causally determining the properties 
of the sign The correlation between the two 
can be brought about indirectly through other 
factors, including some belongmg to the dis- 
tant past Then, since a symbol plays some 
part in determining the response, information 
contained m the symbol (including some that 
comes from the sigmficate) is transmitted fur- 
ther to the motor organs In this way, the 
symbol acts as an intermediary to ensure the 
transmission of information between the sig- 
nificate and the response, even though the 
sigmficate may be outside the stimulus field 

Images, Words and Other Symbols 

The kinds of internal symbols discussed 
most often are imagery and silent speech 
Properties of images and covert verbal re- 
sponses must, of course, be treated as mter- 
' vening variables and be inferred from overt 
behavior (see Berlyne, 1965a) 

The old-fashioned belief that the image is 
simply a trace left by an external stimulus 
has not survived closer inspection, so that the 
genesis of the image is now generally regarded 
as a gradual and complicated process Piaget 
j (1945) has characterized the image as “m- 
j ternahzed imitation * He traces the develop- 
ment of imitation m the child up to the pomt 
where “deferred imitation” (i e , imitation of 
a remembered model that is no longer pres- 
ent) appears in the course of the second year. 
He finds the first indications of imagery at 


about this time and concludes that the two 
functions are intimately related Imitation is, 
however, strongly biased toward “accommo- 
dation” (i e , toward letting behavior be gov- 
erned by properties of external objects) 
Another fountainhead of imagery, and of rep- 
resentational thought generally, is “symbolic” 
play or “role-playing ” This, being essentially 
“assimilative” (i e , determined by processes 
within the organism that are mdependent of 
the present external environment), compen- 
sates for the stimulus-bound nature of imita- 
tion It provides an element of emancipation 
from the external environment and thus helps 
to establish the necessary equilibrium be- 
tween accommodation and assimilation 

Piaget's (Piaget and Inhelder, 1967) more 
recent investigations of imagery contrast im- 
ages of static situations with images repre- 
senting the transformations that lead from 
one of these to ^another The latter are mas- 
tered later than the former, since they must 
await the formation of the “operational” struc- 
tures through which systems of transforma- 
tions are handled in thought 

Other investigations (see Berlyne, 1965a) 
likewise draw attention to the complex, dyna- 
mic nature of imagery and its dependence on 
imitative and receptor-adjusting responses 
Zaporozhets (1958), m particular, has dwelt, 
both theoretically and experimentally, on the 
way in which patterns of eye movements and 
manual exploratory responses correspond to 
spatial properties of external stimuli Since 
they reproduce shapes and geometrical re- 
lations characterizing external objects and 
events, they can represent them in their ab- 
sence 

The acquisition of linguistic symbols is a 
vast domain of developmental psychology m 
itself and is dealt with elsewhere m this Man- 
ual However, we may note here Piaget's ob- 
servation that both words and images begin toj 
control behavior, and are mastered, at aboulj 
the same time — toward the end of the second 
year — because the ability to speak, like thef 
ability to imagine, depends on deferred um* 
tation 

Several wnters would, however, protest 
against any suggestion that thinking is con- 
fined to, or even dominated by, verbal and 
imaginal symbols Both Sechenov's and Pia- 
get's work bring out the dependence of directed 
thinking on organized sequences of internal 
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symbolic events that correspond to, and thus 
represent, sequences of transformations Trams 
of thought could not preserve their corres- 
pondence with reality and their internal con- 
sistency if all they did were to represent one 
stimulus situation after another They also 
have to represent the transformations, whether 
they be physicochemical piocesses, logico- 
mathematical steps, or legal moves, that could 
lead from one represented stimulus situation 
to the next 

The motor acts that lead m a regular, pre- 
dictable manner from one stimulus situation 
to another fall mto two mam classes These 
are executive responses, which produce phys- 
ical changes m external objects, and receptor- 
adjusting responses, which cause sense-organs 
to leave one combination of stimuli and focus 
on another It is interesting that Piaget (eg, 
1949) singled out executive responses and 
Sechenov (1878) singled out receptor-adjust- 
ing responses as the raw material out of which 
the internalized elements of directed thinking 
are fashioned (Berlyne, 1965) 

Stages m the Development of Symbolic 
Functions 

Various aspects of the development of rep- 
resentational functions have been brought in- 
to focus by writers belonging to different 
traditions This is an area on inquiry in which 
everybody is likely to show a particularly 
strong attachment to his own classificatory 
schemes and terminological creations, so that 
a consensual synthesis is still some way off 

Piaget (1947, etc ) has provided the most 
thoroughgoing account Durmg the sensori- , 
motor stage, which occupies roughly the first 
two years of life, the child gradually masters 
those forms of adaptive interaction with ex- 
ternal objects that are possible without sym- 
bolic mediation Nevertheless, the primitive 
rudiments of symbolization — the first signs of 
an ability to take account of the properties of 
an object that is outside the stimulus field — 
appear during this period For example (Pia- 
get, 1937), by about the tenth month the? 
child has attained the notion of an external ; 
object that does not go out of existence when i 
it goes out of sight and does not change its 
characteristics when it changes its appearance 
He looks for objects after they have disap- 
peared fiom view and knows where he is 
likely to find them Even earlier than this, he 


shows expectation of events that have not yet 
occurred, when signals that have regulaily pre- 
ceded them are perceived Dunng the sen- 
sorimotor stage, perceptual “anticipations” and 
“perseverations” emerge, enabling the child to 
make comparisons between objects that are 
perceived successively rather than simultane- 
ously By the end of this stage, forms of “in- 
sightful” problem-solving, comparable to those 
achieved by Kohlers apes, are possible and 
constitute the highest levels of adaptation that 
behavioi can reach without di awing on the 
resources of uniquely human symbolic capaci- 
ties 

Like other wnteis, Piaget places roughly 
toward the end of the second year the great 
turning point when behavior comes undei the 
control of words, images, and othei symbolic 
processes This is when thought becomes a 
major determinant of activity During a pre- 
conceptual stage (roughly 2 to 4 years), the 
child possess only preconcepts The notions of 
class-membership and class-inclusion are lack- 
ing, so that, to cite one of Piaget's examples, 
the child regards every snail he sees as an in- 
stance of “snail,” that is, of the combina- 
tion of properties constituting “snailishness ” 
Whether the same snail keeps on reappearing 
or there are several distinct, but similar, snails 
is hardly a meaningful question The child 
does not understand that every snail is a mem- 
ber of a class of snails, having some charac- 
teristics m common with all other snails as 
well as unique charactenstics that confer on it 
its individuality These limitations dimmish 
during the intuitive stage (4 to 7 years) Class-; 
membershp and class-inclusion now exist, as 
evidenced by the ability to form sentences! 
containing quantifiers like “some” and “all ” | 
But these words are often used to state incor- 
rect conclusions 

At about age 7, the stage of concrete opera- 
tions begins Thinking now makes use of 
“operations,” defined (Piaget, 1953) as “ac- 
tions which are intemahzable, reversible, and 
coordinated m systems characterized by laws 
which apply to the system as a whole ” The 
laws m question define organized systems of 
operations such as the “grouping” ( groupe - 
ment ) invented by Piaget himself, and others 
familiar to mathematicians like the “group,” 
the “semilattice,” and the ‘lattice ” With the 
help of these structures, the child is able to 
handle classification, ordering, and number 
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This means that elementary forms of logical 
and mathematical reasoning are available 

Finally comes the stage of formal opera- 
tions (beginning at about age 11 and com- 
plete by about 15), during which additional 
structures, necessary for advanced logical, 
mathematical, and scientific thinking, are 
completed Formal operations are “operations 
on operations ” Through them, relations be- , 
tween abstract entitles can be manipulated 

Ivanov-Smolenski (1956, 1963) was an 
outstanding pioneer among Pavlovs students 
in extending classical conditioning techmques 
to human children and particularly in investi- 
gating the relations between the first and 
second signal systems He suggested a four- 
fold sequence First comes the formation of 
“direct-direct” connections, that is, condi- 
tioned associations in which both stimulus 
and response are nonverbal Then “verbal- 
direct connections” attach nonverbal re- 
sponses to verbal stimuli “Direct-verbal con- 
nections” (between verbal responses and non-, 
verbal stimuli) come later, reflecting the 
well-known fact that the ability to respond 
to words is generally in advance of the ability 
to utter them appropriately “Verbal-verbal 
connections” are the last to appear, and these 
constitute the mterverbal associations on ‘ 
which thinking depends 

GaFpenn's (1954) description of four 
stages characterizing the learning of “every 
mental action” has had an enoimous influence 
on recent Soviet psychology and has, m fact, 
inspired several innovations m teaching prac- 
tice The child has initially to master an ac- 
tion by interacting with concrete objects 
This includes the learning of the necessary 
discriminations and the perfection of skilled 
movements Next, the action must be trans- 
feired to the plane of “audible speech ” The 
child learns to use words appropriately while 
m contact with the relevant external objects 
“When a full reflection of a material action 
has been achieved on the plane of audible 
speech, the stage of transference to the men- 
tal plane begins ” He then uses language and 
images “m his head ” As a final stage, the 
action “m the head” is “abbreviated or com- 
pressed” and otherwise “consolidated” as a 
“mental action ” 

Werner and Kaplan (1963) describe the 
“primordial” symbol-situation as an intimate 
“sharing” relation bringing together four com- 


ponents, the addressor (or originator of the 
symbol), the addressee, the referent, and the 
symbolic vehicle Ontogenesis is marked by 
progressively increasing “distancing” or “po- 
larization” The person, whether addressor 
or addiessee, becomes more and more dis- 
tinct from the referent, as does the person 
from the symbolic vehicle, the symbolic ve- 
hicle from the referent, and the addressor 
from the addiessee 

According to Bruner (1964, 1966a), the 
child first masters “enactive” representation 
(lepresenting events through appropriate 
motor responses) He then becomes capable 
of “ikonic” repiesentation, which “summar- 
izes events by the selective organization of 
peicepts and of images, by the spatial, tem- 
poral and qualitative structures of the per- 
ceptual field and their transformed images ” 
Finally comes “symbolic” representation, 
which “represents thmgs by design features 
that include remoteness, arbitrariness,” the 
prime example being linguistic coding An 
illustrative experiment was performed by 
Bruner and Kenney (1966), who confronted ' 
children ranging between 3 and 7 years of 
age with 9 beakers arranged in a matrix, ar- 
ranged m order of increasing height from 
fiont to back and m order of increasing width 
from left to right Over half of the children 
could replace beakers that were removed 
from the display and reproduce the whole 
arrangement when all had been removed 
These tasks are held to require ikonic repre- 
sentation, since the children have to “ copy* 
something they have m mind” A transposi- 
tion task in which a beaker that used to be 
in one comer is placed m another comer, so 
that the whole matrix has to be rotated, was 
not accomplished by 50% until they reached 
7 years This task appears to require verbali- 1 
zation of the relations governing the arrange- / 
ment 

Smce the words “ikonic” and “symbolic” 
have been used in connection with quite 
different classifications of sign processes, 
notably by Morns (1946), this water (Ben-, 
lyne, 1965) has suggested that the words j 
“schematic” and “onomastic * be substituted ( 
for them He has suggested further that the 
differences between Bruner's three forms of 
representation can best be specified m terms 
of “informational correspondence” As noted 
previously, there must be some degree of 
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correspondence or information transformation 
between the nature of a sign or symbol as 
a whole and the nature of the significate as 
a whole Informational correspondence [the 
opposite of Garner and McGill’s (1956) 
"interaction uncertainty”] can be said to exist 
if there is some degree of correspondence or 
information transmission between particular 
parts or properties of the sign or symbol and 
particular parts of properties of the signifi- 
cate From this point of view, enactive symbols 
possess informational correspondence with 
motor patterns, schematic (Brunei’s “ikonic”) 
symbols possess informational correspondence 
with external stimulus patterns, and onomastic 
(Bruner’s "symbolic”) symbols possess in- 
formational correspondence with neither ^ 

DEVELOPMENT OF IDEATIONAL 
CONTROL OVER BEHAVIOR 

Ever since Plato and Aristotle, reason and 
volition have been closely linked by philoso- 
phers And at least since Descartes, an inti- 
mate connection, frequently amounting to 
identification, has been seen between think- 
ing and consciousness Abstruse and acrimoni- 
ous debates have, of course, laged around 
these concepts for centuries Awaieness of 
what one is doing and why one is doing it 
was long regaided as a distinguishing mark 
of "rational” or "intelligent” behavior, through 
which it could be contrasted with behavioi 
governed by "instinct” or “reflexes ” 

Even those who are primarily intei ested in 
publicly observable behavior and wish to 
steer clear of metaphysical arguments must 
recognize important and outwaidly manifest 
differences between the kinds of behavior 
that are and are not amenable to control by 
ideational processes, that are and are not 
voluntary, that are and are not said to be 
accompanied by awareness If the first of 
these characteristics is present, the other two 
seem generally to be piesent too It is possi- 
ble to base such distinctions on objective 
criteria — on attnbutes 01 accompaniments of 
the behavior that are fully accessible to an 
external observei — regardless of whethei the 
philosophical connotations of "leason” 01 
"will” (particularly "fiee will”) are applica- 
ble or whethei what we are calling "aware- 
ness” corresponds to consciousness m the 
sense of subjective experience 


We must therefore consider, with special 
attention to their developmental aspects, the 
distinctive characteristics of behavior that is 
"rational” (in the sense of subject to the in- 
fluence of thinking and reasoning), accom- 
panied by "awareness” (the use of which 
term might avoid the special connotations of 
"consciousness”), and "voluntary” 

Awareness 

Dollard and Miller (1950) have suggested 
that, from a behavioral point of view, the 
unconscious is the "unverbalized ” In this 
they were echoing Freud’s (1915) statement 
that repression pi events ideas from becom- 
ing conscious by denying them “translation 
into words ” 

Enksen (1960) has objected to this view 
He points out that “one’s verbal description 
of the facial appearance of another individual 
may be wholly madequate in enabling an- 
other to recognize this person among a crowd 
However, if the person giving the description 
possesses a mediocre artistic talent, it will be 
possible for him to draw a sketch of the per- 
son described which would greatly increase 
the chances of the individual’s being recog- 
nized ” If we "adhered strictly to a definition 
of awareness in terms of verbalization,” he 
says, "we should have to conclude that some- 
body capable of a portrait but not of an 
adequate veibal description was not aware 
of the appearance of the person in question ” 
It is noteworthy, however, that sketching is a 
form of symbolic behavior, so that Eriksen’s 
criticism might be overcome if we recognized 
the hallmark of awareness to be symbolic 
representation, usually in verbal form, but 
occasionally m the form of nonverbal syn> 
bolic responses such as drawing, imitation, 
gestures Since directed thinking (Berlyne, 
1965) controls behavior through symbolic 
responses, it is easy to see why stimuli and 
motor activities that are deprived of symbolic 
representation cannot come within its pur- 
view 

East Euiopean writers have likewise at- 
tached gieat importance to whether or not 
stimuli and motor responses are, as they put 
it, "i effected m the second signal system ” 
Ivanov-Smolenski (1949, 1951, 1956) has 
reviewed relevant experiments earned out m 
his own laboratory 

For work with children, Ivanov-Smolen- 
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ski's group has made much use of motor 
conditioning with verbal lemforcement In 
this technique the response consists of press- 
ing a rubber bulb with the hand, and the un- 
conditioned stimulus is the word “Pi ess!” 
uttered by the experimenter If the uncon- 
ditioned stimulus is preceded by a light, a 
sound, or some othei conditioned stimulus, 
this conditioned stimulus will normally come 
to evoke a conditioned anticipate y press 
Aftei the first conditioned response has ap- 
pealed, reinforcement is usually maintained 
by saymg “Rightl” or “Wrong!” Differentia- 
tion can be set up by having two conditioned 
stimuli and saying “Don't press” aftei pie- 
sentmg the one that is to become inhibitory 
In some of the experiments, child subjects 
have been questioned after tiaming It is 
reported that the youngest children can de- 
scube the stimuli and the lesponse correctly 
but cannot report the connection between 
them Then comes a stage when positive or 
excitatory connections are correctly reported 
but the significance of a negative or mhibitoiy 
stimulus is not Verbal reports then either fail 
to reflect the fact that the subject reacted 
differently to the two stimuli or assert that 
he refrained from making the motor response 
to the negative stimulus when he did not 
It is interesting that, even when diffeientia- 
tion is fully reflected m the second signal 
system, the piesence of the conditioned stim- 
ulus is generally not reported when an ex- 
traneous stimulus, productive of external in- 
hibition, accompanies it 
Other experiments show that a stimulus 
may be sufficiently intense for the first signal 
system but not foi the second Kotharevski 
used a slight increase m illumination as a 
conditioned stimulus for bulb-pressing It 
proved effective, but the subject did not know 
why he responded He said, “I just pressed” 
or “For some reason I felt like pressing” 
Faddeeva used a compound conditioned 
stimulus consisting of a bright led light 
coupled with a faint hooter sound Subse- 
quently, when the light was presented alone, 
the subjects (8- to 10-year-old children) 
always responded to it and reported its pres- 
ence correctly When the sound was pre- 
sented alone, the subjects generally per- 
formed the motor response, but some re- 
ported having heard it, some did not, and 
some reported its presence but showed no 


awareness of the connection between it and 
then motor response 

In general, according to Ivanov-Smolen- 
ski's summaiy, the occurrence of the stimulus, 
the occurrence of the lesponse, or the con- 
nection between the two may or may not be 
reported Verbalization is likely to be defi- 
cient when the stimuli are weak or when the 
subjects are young children or adults suffer- 
ing from various neurophychiatnc disorders 

The development of verbal mediation with 
increasing age is further illuminated by Paia- 
manova (1956), who, although not an asso- 
ciate of Ivanov-Smolenski, used his motor- 
conditioning technique When diffeiential 
tiaming was given, some subjects learned not 
to lespond to the negative stimulus very 
rapidly, but others were slow The quick 
learners were found at all ages, but most of 
them were found among the older subjects, 
aged 5 to 6 years They mvanably answered 
questions about the procedure correctly 
When the experimenters ceased to say “Don't 
press 1 ” after the appearance of the negative 
stimulus, one or two subjects asked “Should 
I press?” The implication is that the response 
was under the control of verbal mediatois 
and, in some subjects, was held m check 
until a verbal sanction had been given The 
slow subjects were mostly younger subjects, 
aged about 3 The amplitude of their response 
to the negative stimulus gradually waned, 
and the latency gradually increased, until 
the response dropped out altogether Verbal 
repoit was defective When the positive 
stimulus was made negative and vice veisa, 
older (5- to 6-year-old) subjects changed 
their manner of responding immediately, but 
the reversal took some time with the younger 
subjects, When reinforcement (le, telling 
the children whether they were right or 
wrong) ceased, 3-year-olds lost the differen- 
tiation, pressing the bulb in response to both 
positive and negative stimuli for some time 
After that, they remained inactive until the 
instructions of the adult experimenter were 
renewed Four-year-olds had some success 
at maintaining a differential performance, 
but there was considerable instability Some 
used verbal instead of motor responses, re- 
marking on the presence of the stimulus 
that had usually been paired with the experi- 
menter s utterance Some responded correctly 
but gave themselves audible instructions By 
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the fifth or sixth year, response to the posi- 
tive stimulus and nonresponse to the negative 
stimulus persisted, although there was some 
tendency to error 

These experiments, Paramanova concludes, 
illustrate the tendency for direct control of 
behavior by external stimuli to give way 
gradually to the mediating influence of verbal 
stimuli At first, the child is susceptible to' 
control by verbal responses of adults, but, 
he gradually becomes capable of self-control’ 
through his own verbal behavior 

Voluntary Behavior 

There has been a strong tendency among 
psychologists interested in learning to identify 
voluntary behavior with instrumental con- '• 
ditioned responses Skinner (1938, p 112) ‘ 
says that “The operant field corresponds 
closely with what has traditionally been 
called ‘voluntary’ behavior ” Similarly, Ivanov- 
Smolenski (1956) identifies “voluntary move- 
ments” with “conditioned-conditioned-reac- 
tions,” his term for instrumental conditioned 
responses 

Instrumental conditioned responses have 
three characteristics, each of which has been 
singled out at one time or another as the 
distinguishing mark of voluntary activity 
First, they are generally responses involving 
the motor division of the somatic nervous 
system and the skeletal (or, as they have 
sometimes been called, “voluntary”) muscles 
However, Skinner (1938, p 112) pointed 
out quite early that “the Voluntary’ control 
of some autonomic activities is well estab- 
lished ” Recent experiments by Miller 
(1966), m which visceral responses per- 
formed by curarized animals were followed 
by reward, seem to have conclusively and 
affirmatively settled the formerly disputed 
question of whether such responses can be 
subjected to instrumental conditioning Sec- 
ond, instrumental responses are strengthened 
by rewarding consequences and apparently 
(although there has been some debate over 
this) weakened by punishing consequences 
Third, instrumental conditioned responses 
frequently occur “spontaneously,” that is, 
without being evoked by a specific external 
stimulus As Kupalov (1964, p 116), a lead- 
ing Russian investigator of learned locomotor 
behavior m freely moving dogs, has put it, 
“those reactions are called voluntary that 


are actively performed by animals and do 
not represent a response to a definite, special 
stimulus ” 

Some writers, mindful of the age-old in- 
clusion of volition among the “higher mental 
functions,” have felt that, to qualify as “volun- 
tary,” an action should not only be relatively 
independent of external stimulation but 
prompted by internal symbolic processes 
James (1890) connected will with “ideo- 
motor action,” the process by which the 
idea of a movement leads to its realization, 
although he recognized that this would 
happen “unhesitatingly and immediately” 
only in “the absence of any conflicting notion 
in the mind ” When there is “an antagonistic 
representation present simultaneously in the 
mind,” he says, a “voluntary fiat” is needed 
to overcome it Ach (1905, 1910) related will 
to the “determining tendencies” that, accord- 
ing to the introspective experiments of the 
Wurzburg school, could be set up by an 
experimenter’s instructions Analogous de- 
termining tendencies could be set up by an 
intention or decision of the subject himself 

The approach, and even the aims, of these 
early psychologists were, of course, very 
different from those of contemporary be- 
havior theorists Nevertheless, a behavionst 
equivalent of their emphasis on the control 
of behavior by ideational acts and self-m- 
structio ns was the view that a voluntary re-\ 
sponse is one that a subject can bring on at 1 
any time with the help of subvocal speech ! 
In a celebrated experiment by Hudgms 
(1933), human subjects were first taught by 
a classical-conditioning technique to constrict 
their pupils to a light-bell combination The 
response was then conditioned to the word 
“Contract!” uttered by the experimenter while 
the subject produced the light-bell combina- 
tion by squeezing a dynamometer, then to 
the verbal command alone, then to the sub- 
ject’s own pronunciation of the word “Con- 
tract 1 ”, and finally to the thought of the word 
Other words, and even nonsense syllables, 
weie used successfully m the same manner, 
Several later experimenters have brought 
other normally involuntary responses under 
the control of self-administered verbal stimuli 
by analogous techniques. Professional actors 
often bring on tears and other forms of emo- 
tional expression with the help of thoughts 
or postural adjustments that supply the neces- 
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sary conditioned stimuli Skinner (1938, pp 
112-114) lists, in fact, four ways m which a 
human being can induce specific autonomic 
reactions m himself "at will” he can use 
unconditioned exteroceptive stimuli, uncon- 
ditioned proprioceptive stimuli, conditioned 
exteioceptive stimuli, and conditioned pro- 
prioceptive stimuli 

Nevertheless, although these procedures 
enable the subject to produce the responses 
in question "at any time” and are clearly a 
step toward voluntary control, it is possible 
to feel that voluntary control means more 
than the possibility of producing a response 
through internal verbal stimuli Hilgard and 
Marquis (1940) refer to the products of 
Hudgins’s technique as "semi-voluntary con- 
ditioned responses ” Naturally occurring hu- 
man voluntary responses have additional 
characteristics They can be withheld when 
judged undesirable and they can be modified 
or interrupted while in process, if changes m 
the external stimulus situation warrant it 

Such a restricted, but still objective, con- 
ception of voluntary activity appears m 
Zaporozhets’s (1958, 1960) account He con- 
trasts animals with plants, which have to rely 
on passive adaptation Animals "cany out an 
active search for the sources of satisfaction 
of their vital needs ” In higher animals, the 
search depends on the skeletal musculature, 
but its use introduces many possibilities of 
error, because of the large number of degrees 
of freedom open to muscular responses, be- 
cause of variations in the effects of bodily 
movements m accordance with the initial 
states of the muscles, and because of the 
many random factors to which muscles are 
subject For this reason, "sensory correction” 
is indispensable The organism has to be 
sensitive to signals indicating ways m which 
an action must be modified 1 

Primitive animals can make use only of’ 
feedback that follows the completion of an 
action and tells whether or not the conse- 
quences are satisfactory This information 1 
about consequences can lead to a repetition 
of the action with modifications or to tnal- 
and-error learning Human beings, however/ 
are able to monitor the external situation and j 
their own actions through feedback signals ' 
received while these actions are in progress i 
Consequently, the actions can be corrected j 
between their initiation and their conclusion, 


which will maximize the probability that 
the consequences will be satisfactory To 
accomplish this, the subject needs to be 
guided by images of the external situation, of 
the consequences that an action is likely to 
have, and of the form a behavior chain should 
take As we have already seen, Zaporozhets 
sees a vital role for orienting (exploiatory, 
attentional) responses, leading from one cru- 
cial stimulus to another, m the formation of 
the appropriate images He also acknowledges 
the importance of verbal habits belonging 
to the "second signal system ” 

Zaporozhets, assimilating ideas from sev- 
eral Russian authors, traces a course of de- 
velopment fiom excitomotor reactions (which 
depend on "irritability” and are evoked by 
simple stimuli) through sensorimotoi reac- 
tions (which depend on “sensitivity’ ’and 
are guided by orienting responses and thus 
by images), to voluntaiy reactions (which 
result from sensitivity to interoceptive and 
proprioceptive stimuli) Russian physiologists 
and psychologists have, since Pavlov (1932), 
always seen a close connection between "motor 
conditioned leflexes” (the teim by which they 
usually refer to instrumental conditioned re- 
sponses) and kinesthetic stimuli Zaporozhets 
relates this course of development to the ap- 
pearance of vertebrate animals, which sur- 
pass invertebrates m complicated motor and 
neuial equipment, and with the movement 
of higher vertebrates from aquatic to terres- 
trial environments, where vital objects are 
commonly surrounded by other objects that 
can seive as either means oi impediments to 
their attainment 

Zaporozhets’s view, with its emphasis on' 
feedback signals and orienting lesponses, i£- 
ceives support fiom an experiment conducted 
by one of his associates, Lisina (1958) She 
established voluntary conti ol over a normally 
involuntary reaction m a very different man- 
ner from Hudgins and apparently more com- 
pletely The response in question was vaso- 
dilatation in the hand an response to electric 
shock (running counter to the normal vaso- 
constrictive response), and her techniques 
worked by enabling subjects to recognize 
the extent and direction of their own vaso- 
motor responses Some success was achieved 
when an auditory signal (a tone varying an 
pitch) or a visual signal (fluctuations of a 
recording pen) corresponded to vasodilation 
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and vasoconstriction But the most successful 
proceduie consisted of training subjects to 
recognize the famt and normally undetected 
proprioceptive sensations that result from 
vasomotor responses 

Luna's Experiments 

Luna has traced the development of volun-' 
taiy behavior by studying effects of verbal 
instructions He distinguishes various func- 
tions that words uttered by an experimenter 
can have The presumption is that subvocal 
responses of the subject himself, by which ^ 
he influences his own actions, can perform f 
these functions also They compnse an orient- 
ing function, an inhibitory function, an impel- 
ling (or initiating) function, and a genuine 
regulatory (including preselecting) function 
These functions are established m turn 

The beginnings can be discerned (Luna, 
1959, Luna and Poliakova, 1959) when an 
infant surrounded by toys is given some in- 
struction such as “Give me the fish*” Shortly 
after the first six months of life, the child 
will simply look up at the experimenter At 1 
10 to 12 months, he will look at the fish 
Even up to IV 3 years, the instruction is 
unlikely to mteirupt activities m which the 
child is immersed If not otherwise occupied, 
he may well respond, early m his second year, 
to “Give me the fish!” by handing the ex- t 
penmenter the fish This, however, will occui 
only if the fish happens to be prominent in 
the visual field That a true regulatory func- 
tion of language has not yet been achieved 
can be seen from the fact that, if the fish 
is some distance away and there is a brightly 
colored toy cat close by, the child will look 
at the fish but give the experimenter the cat 
The instruction is not reliably carried out 
until about the middle of the second year] 
One especially noteworthy characteristic of 
behavior during the second year is its per- 
severation If a child between 1 and 1% 
years is asked to hand over the fish three or 
four times m a row, he will still hand over 
the fish when the instruction is changed to v 
“Give me the hoise r ” If a lYa- or 1%-year-old 
child has just been putting rings on a stick 
and is told “Take off a ring!” while he is 
holding a ling m his hand, he is likely to 
respond by putting the ring on 

Another technique (Luna and Rozanova, 
1959) consists of placing a com under either 


a cup or a tumbler out of the child's sight 
and then telling him “Now the coin is be- 
neath the cup Find the com!” From 
W 12 , the child looks fleetmgly at the object., 
that has been mentioned On hearing the \ 
word “Now,” he may seize both objects or 
turn to one of them, remaining unaffected 
by the name of the correct object when it 
is given By the middle of the third year, 
the instruction will be followed correctly, 
unless a delay of 10 seconds is imposed be- 
fore the objects can be touched The delayed 
reaction is fully mastered by the end of the 
third year 

Here we have the beginnings of the de- 
layed effects of verbal instruction Their latei 
development has been traced by Luna's 
gioup (Luna, 1956, 1958, 1961) with the 
help of a simple technique The child is 
presented with a rubber bulb and receives 
some instruction such as “When the light 
comes, on, press the bulb!” Between about 
1 % and 2 ^ 2 , the child looks at the light on 
hearmg the word ‘light” and starts pressing 
as soon as he hears the word “Press ” There 
is no synthesis between the two clauses of 
the instruction and no storage of set or mo- 
tivational condition such that the response is 
inhibited until the appropriate external stimu- 
lus appears At this age, the child is, m fact, 
likely to continue to press until the light 
appears and then to stop m consequence of 
external inhibitions 

If, while he is pressing, he is told “That's 
enough!” this is unlikely to stop him but 
may, on the contrary, intensify the activity 
If the admonition “Don’t press!” is repeated, 
the result may be “complete irradiated inhibi- 
tion and the discontinuance of all motor re- 
actions ” So we can see that the impelling 
function of verbal stimuli is uppermost at 
this stage The inhibitory function is weak 
and nonselective j 

By age 3J4, the child will react appropri- 
ately to the instruction, pressing the bulb 1 
only when the light comes on But inade- 
quacies will become manifest when the task v 
is made a little more complicated If he is 1 
told “Press when a red light comes on but 
not when a green light comes on’”, he will 1 
press m response to either light or to neither , 
If he is told “Press twice when the light 
comes onl”, he is apt to press three or more 
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times All these deficiencies aie overcome 
completely only at the age of 5 to 6 years 

Further insight into the factors at work 
has come from various training procedures 
with which Luria and his associates (Iakov- 
leva, 1958, Tikhomirov, 1958) have tried to 
remedy the shortcomings that appear at vari- 
ous ages For example, the child is taught to 
say “Go I” to himself when the signal light 
appears Up to 2 J4, this does not work, the 
child either soon gives up saying “Go!” oi 
finds himself unable to say the word and press 
simultaneously because of inhibition by nega- 
tive induction The device works much better 
in the third year and helps to reduce the 
intersignal responses to which children of 
this age are prone Between 4 and 4J4, the 
child can improve his powers of differentia- 
tion (pressing m response to one color but 
not another) if taught to say “I must!” or “I 
must not!” appropriately when the signal 
appears Even at 2 to 3 years, performance is 
improved by providing “sanctioning afferenta- 
tion,” that is, an external stimulus (eg, the 
sound of a bell or the sight of the light going 
off), when the motor response is perfoimed 
correctly Two-year-old children can become 
capable of withholding the pressing response 
between appearances of the light if they are 
taught to move the hand away from the bulb 
as soon as each movement has been com- 
pleted and not to return it until the next 
signal is seen 

A 3- or 4-year-old child can be induced 
to press twice, and twice only, when the 
light is turned on, by training him to say 
“Go 1 Go 1 ” on seemg the light The true na- 
ture of this phenomenon is, however, re- 
vealed when he is told to say “I shall press 
twice!” instead He then produces a single 
protracted movement instead of the two 
presses that are required It can thus be seen 
that the two syllables “Go! Go 1 ” produce 
two presses through their impelling function 
The genuine regulatory function, involving 
response to the meaning of a verbal utterance, 
has not yet been perfected. 


Zaporozhets’s Experiments 
./The copious experimental material gathered j 
^uy Zaporozhets (1960) and his group takes! 


over where Luna’s investigations leave off 1 
They have carried the inquiry to the end of * 
the preschool period (which m the Soviet \ 


Union lasts until the age of 7) and have con- 
centrated on complex tasks m which se- 
quences of motor responses have to be made 
to sequences of external stimuli and in which 
there is loom for planning 

Great importance is attached to prepara- 
tory and orienting responses, which precede 
the executive responses that act on the ex- 
ternal environment Onentmg responses bring 
behavior under the control of essential cues 
and enable images to be formed of simul- 
taneous or successive patterns of external 
stimuli before they are encountered Con- 
siderable emphasis is also placed on the de- 
velopment of the ability to imagine requned 
bodily movements For example, when a 
child of 3 to 4 years is asked to show how 
he would use a comb or a pair of scissors, * 
he drags his fingers through his hau oi per-/ 
forms movements with his forefinger and mid-, 
die finger From about 4 years on, he wil| 
place his hand in the posture it would have 
if he were actually manipulating a comb or 
a pair of scissors 

The tasks employed in experiments by 
Zaporozhets and his associates include learn- 
ing to discriminate visual figures, to trace a 
path through a maze, to perform gymnastic 
exercises, and to press buttons m coordina- 
tion with visual signals The results show 
how spontaneous movements become moie 
prominent, more efficient, and thus more cap- 
able of facilitating completion of the task, 
as the child grows older Various procedures 
for inducing orienting responses and making 
them more effective have had notable suc- 
cess 

Other training procedures compare the ef- 
ficacy of passive movement, demonstiation 
of the correct behavioi by the experimenter, 
and verbal instructions Passive movements 
is generally more helpful with younger chil- \ 
dren, and imitation with older children The 
relative merits of demonstration and verbal 
instruction depend on the complexity of the 
task and the nature of the cues on which its 
performance depends Verbal mstruction is \ 
more effective when the required bodily move- 1 
ments are relatively simple and when external J 
stimuli are of particular importance (e.g , in 
button-pressing tasks ) Demonstration and im- 
itation work better when proprioceptive stim- 
uli are more important and when the required 1 
movements are complex (eg, in gymnastic 
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exercises) One of the chief functions of ver- 
bal instructions is to draw attention to rele- 
vant cues in the external world Relevant 
kinesthetic cues are brought to a child's atten- 
tion most readily when he executes a pattern 
of movements that he has just witnessed 
The culmination of the development of 
voluntary movements and the link with 
thought processes become evident when in- 
ternalization takes place Inner speech comes' 
to take the place of the audible speech 
through which verbal instructions are con- 
veyed by adults Conditioned orienting re- 
sponses come to represent external stimuli m 
their absence For example, a verbal instruc- 
tion referring to a signal that is not yet pres- 
ent causes a child to look m the dnection 
from which it can be expected Ultimately, 
the progressive reduction of the orienting 
response with increasing age and with in- 
creasing mastery of a particular task leads to 1 
the formation of internalized equivalents of 
orienting responses, constituting imagery As 
mastery proceeds, the executive response le- 
quires fewer and fewer preliminaries 

A particularly suggestive idea offered by 
Zaporozhets (see Berlyne, 1965a, Chap 6) 
is that the processes through which we search 
for an idea or a solution when we think are 
internalized versions of the exploratory re- 
sponses through which we search for con- 
crete objects in the real world 
A recent addition to this senes of investiga- 
tions (Nepommashchaia, 1965) considers the 
motivational side of volitional development 
It starts out from Leont'ev's (1959) em- 
phasis on a proper coordination between "mo- 
tive" (the ultimate aim) and "goal” (a sub- 
sidiary goal that is a means to the ultimate 
aim) It shows how children below the age 
of 4^ will generally take up a task only if it 
is presented to them as a game to be carried 
out for its own sake (le, motive and goal 
coincide) They gradually develop the capac- 
ity to recognize actions as prerequisites for 
the later fulfillment of motives (eg, making 
a toy, making a present to give to Mother) 
Anticipation of the ultimate consequences 
and recognition of the relation between the 
means and the end will then ensure enough 
motivation for the task to be taken up We 
can thus see a progressive unfolding of the 
functions on which preparation and planning 
depend Symbolic representation of events 


that have not yet taken place and of the re- 
lations between components of the unified 
sequence is, of course, an essential ingred- 
ient 

CHILDREN S REASONING 

Although much human reasoning does not 
lead immediately, or at all, to overt action, 
reasoning is biologically important as a means 
of arriving at an adaptive response pattern, 
which generally means a response pattern 
that will be rewarded Once the rewarding 
consequences have occurred, the response 
pattern will become more likely to be per- 
formed in the presence of pertinent stimulus 
conditions So reasoning can be regarded as 
an adjunct to instrumental conditioning, an 
aid to the acquisition of learned behavior 
In order to view reasoning m perspective, 
we must therefore compare it with other ways 
m which the first occurrence of an adaptive 
response pattern can come about 

Trial and Error In accoi dance with Thorn- 
dike's (1898) description of “trial and error 
and accidental success,” an organism can 
sample its behavior repertoire (with replace- 
ment) until a successful act turns up The 
distribution on which the sampling is based 
will generally vary with the stimulus situa- 
tion, since experienced members of higher 
animal species will be most likely, in the 
course of trial and error, to do things resem- 
bling what has worked m similar situations in 
the past An experimenter relying on this 
process is compelled simply to wait until the 
selected response occurs spontaneously If* 
the response is a simple one, with a relatively 
high operant level, such as bar-pressing or 
panel-pecking m a Skinner box, he will not 
have to wait long But if it is a complex com- 
bination or succession of acts, or a response 
with a low initial probability, trial and error 
alone cannot be expected to produce it at 
all 

Successive Approximation. An experi- 
menter can speed up the emergence of a 
relatively improbable response pattern by 
requmng successively closer and closer ap- 
proximations to it before delivering reward 
( shaping ) Either an experimenter or nature 
alone can gradually steer an organism to- 
ward a behavior pattern by rewarding remote 
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semblances of the optimal behavior to a 
slight degree and rewardmg closei and 
closer approximation more and more intensely 
( cybernetic search) 

Evocation. A stimulus can be admimsteied 
that is known to evoke the adaptive 1 espouse 
pattern For example, Brogden (1939) used 
a tone that had been paned with electric 
shock to evoke leg xeti action in the dog, and 
Konoiski (1967) induced ear-scratching m 
the cat by placing cotton m the ear In both 
experiments the lesponse, once it had occur- 
red, was reinforced with food There are 
three special cases of this kind of technique 
that wan ant particular notice In passive 
movement a specific bodily movement is 
brought about by mechanical force This 
technique was used m the original onstiu- 
mental-conditionmg experiments of Millei and 
Konoiski (1928), who used a cable-and- 
pulley arrangement to make dogs flex their 
paws Similarly, tiainers of cncus and do- 
mestic animals commonly push then pupils 
mto the desired postures, and human beings 
may be taught skilled movements by having 
their limbs held and guided The second 
special case is imitation, also known as model- 
ling (Zaporozhets, 1960, Bandura and Wal- 
ters, 1963) Here the stimuli that evoke the 
desued responses are the visual or auditory 
cues that come from another individual who 
is deliberately or inadvertently demonstrating 
the response Finally, a response pattern can 
be evoked m human subjects by verbal in- 
struction 

Deferred imitation A human being can 
witness a response without at the time per- 
forming it himself and become in conse- 
quence likely to do the same on some future 
occasion When this defeired imitation (Pia- 
get, 1945) leads to a learned strengthening 
of the response, observational learning is said 
to occur When learning depends on witness- 
ing not only the act but also the consequences 
of the act for the individual performing it, 
the term vicarious learning is used (Bandura 
and Walters, 1963, Banduia, 1965) 

Deferred Response to Verbal Instruction. 
A human subject may hear or lead a verbal 
description of a course of action and, al- 
though he does not put the instruction into 
practice immediately, it may cause him to 
perform the described behavior m appro- 
priate circumstances at a later time, 


We can thus comprehend the problems 
raised by reasoning if we review the similari- 
ties and diffeiences that l elate it to these 
othei processes Reasoning clearly contrasts 
with trial and eiror by making it possible for 
adaptive behavior to emeige much moie 
quickly and, more often than not, by bringing 
about foims of adaptive behavior that trial 
and enoi could never have geneiated at all 
Like response to verbal instruction, reasoning 
depends on ability to lespond appropriately 
to verbal stimulus patterns But as with de- 
ferred imitation and deferred lesponse to in- 
struction, there must be response to internal 
lepresentational stiuctuies that have been 
deposited dui mg eaihei learning expeuences 
and aie now levived after what may well be 
a consideiable delay Howevei, the internal 
symbolic patterns that underlie defen ed imi- 
tation and lesponse to instruction need to be 
relatively faithful copies (lmagmal or veibal) 
of those induced by the demons ti at ion or the 
verbal description at the time of the original 
learning The symbolic patterns that result 
from leasomng aie, in conti ast, unlike any 
that the subject has had at his disposal be- 
foie, they have to be constructed out of ele- 
ments belonging to seveial pievious learning 
expeuences Lastly, we must note that imita- 
tion and veibal mstiuction (whether or not 
lesponse to them is deferred), as well as 
passive movement and shaping, lequne the 
intervention of another organism According 
to the definition ofleied by Mowiei (1950, 
p 675), following a suggestion made by one 
of his students, they are all examples of teach- 
ing Reasoning, on the othei hand, is some- 
thing to which an individual can resort on 
his own The learning experiences on which 
a specific piece oi reasoning builds may or 
may not have been induced by teaching The 
presence of a teacher, who is eagei to provide 
hints and feedback* may well assist reasoning 
while it is going on But reasoning can pro- 
ceed without external suppoits and is alone 
m this respect among the various shoit-cuts 
to adaptive behavior that make use of sym- 
bolic capacities 

^Piaget 

The development of inferential thinking 
has received its most ambitious theoretical 
analysis from Piaget His is also the most 
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thoroughgoing attempt that has been made 
so far to chart its course empmcally 

Piaget traces the roots of logic back to the 
sensorimotor stage, which embraces the fiist 
two years of life when external stimuli evoke 
responses with little or no intervention of 
symbolic mediatois During this stage, the 
child learns to “coordinate schemata ” This 
means both piecing together stimulus-re- 
sponse associations into sequences through 
which goals can be attained and recog- 
nizing two or more sequences as alternative, 
and therefoie equivalent, ways of arriving at 
the same terminus from the same starting 
point, It is significant that these coirespond to 
the two pioperties defining Hulls “habit-fam- 
lly hierarchies” (Berlyne, 1965), namely, the 
formation of “behavior chains” and the lecog- 
mtion of equivalence between behavior chains 
that lead to the same goal-situation from a 
common initial stimulus situation 

The ability to make use of systems of “co- 
ordinated” elements is later transferred from 
the level of motor actions to the level of in- 
ternalized actions, which include symbols In 
manipulating symbols, the child takes some 
time to relearn some of the lessons that he has 
already mastered while manipulating sensori- 
motor schemata By the end of the sensori- 
motor stage, the child becomes capable of the 
simple forms of adaptive behavior that do 
not require human symbolic capacities He 
becomes capable, for example, of the kinds 
of reasoning or “insightful” problem solving 
that Kohler (1921) and later experimenters 
observed in apes He will use a stick to ob- 
tain an object that is otherwise out of reach 
He will also perform actions that are prere- 
quisites for later actions, for example, rota- 
ting a stick so that it can pass between the 
bars of a playpen, walking to the fai end of a 
doll carnage in order to push it away from 
a wall All of these solutions are discovered 
without overt trial and error. 

Directed thinking appears once behavior 
has come under the influence of language, im- 
ages, and other internal symbols, but thought 
processes are for some years subject to serious 
limitations During the preconceptual stage 
(2 to 4 years), the child depends heavily on 
“transduction ” This term, which Piaget has 
taken over from Stern (1914), denotes rea- 
soning from the particular to the particular, 
it mfeis that, because one object or event has 


a certain chaiactenstic, a similar object or 
event will also have it General statements, 
which are essential to induction and deduction, 
become important during the intuitive stage 
(4 to 7 years), but conclusions are likely to 
be enoneous This is due an imperfect under- 
standing of class-membership and class-inclu- 
sion (Piaget and Inhelder, 1959) Reasoning 
is also impeded at this stage by an undue de- 
pendence on perceptual data, coupled with a 
tendency to attend to one aspect of a stimulus 
situation while overlooking other, equally sig- 
nificant aspects (Piaget, 1945) 

The stage of concrete operations (7 to 11 
years) introduces the use of operations Op- 
erations are organized m groupings ( groupe - 
ments) These approach the properties defin- 
ing alegebraic groups without quite fulfilling 
them (Piaget, 1941, 1947) With their help, 
the child is able to make correct inferences 
belonging to the algebra of classes, the alge- 
bra of relations, and elementary arithmetic 
Finally, the stage of formal operations (In- 
helder and Piaget, 1955) coincides with early 
adolescence (11 to 15 years) Deductions 
identifiable with the propositional calculus 
are masteied Implications can be derived 
from the lelations between propositions, re- 
gaidless of conciete content Consequently, 
hypothetico-deductive reasoning, that is, the 
ability to state what would follow if some- 
thing were the case (when it is not) , becomes 
possible So does reasoning that requires un- 
derstanding of ratios and probabilities 

Inhelder and Piaget have analyzed this stage 
with the help of mgenous experiments in which 
the adolescent subject is confronted with phe- 
nomena illustrating simple physical and chem- 
ical principles and asked to work out the laws 
governing these phenomena Dunng the stage 
of formal operations, he first becomes capable 
of devising conclusive experiments by con- 
ceiving of, and then examining, all the possible 
combinations of events that could occur In 
attempting to explain the kinds of reasoning 
that first appear during this stage, Inhelder 
and Piaget refer copiously to the “four group,” 
a group of four transformations, each of which 
has two opposites, an “inverse” and a * ‘recip- 
rocal,” They also make much of a system of 
relations between logical connectives, analo- 
gous to proportional relations between num- 
bers, that Piaget has discovered Commenta- 
tors (eg, Parsons I960, Berlyne, 1965) , while 
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acknowledging the ciucial role of algebraic 
groups m logical, mathematical, and scientific 
thinking, have questioned the suggestion that 
the adolescent actually makes use of these 
logical “proportions” or that the four group 
has the unique role that Piaget attributes to 
it 

Experiments Inspired by Piaget 

The experiments that have been inspired by 
Piagets writings but carried out m othei lab- 
oratories have some way to go before they 
outstrip in number those carried out in Geneva, 
but they are catching up Muoh of this work 
has been aimed at verifying Piaget’s state- 
ments about the development of concepts or 
"notions” and is thus not directly relevant to 
our present discussion, Lately, however, there 
has been a growmg body of woik on quanti- 
tative invariants like quantity, number, and 
weight, which begin to be understood at about 
the age of 7 As argued elsewheie (Beilyne, 
1965), the lecogmtion that, say, quantity re- 
mams constant when a shape or spatial dis- 
tribution changes must depend on deduction 
from stored information This makes it a bettei 
paradigm for directed thinking, especially di- 
rected thinking about dynamic processes, than 
that old standby, the concept-formation ex- 
periment Nevertheless, work on the origins of 
such judgments and on ways of acceleratmg 
their appearance is treated elsewhere m this 
Manual and has, in any case, been lucidly re- 
viewed by Wallach (m press) 

Braine (1959) has investigated inference 
from transitive relations (A > B, B > C, A 
>C), using a nonveibal length-discnmina- 
tion task This is a step toward bridging the 
gap between Piaget’s use of verbal responses 
to study reasoning and the experimental tech- 
niques of behavior theory It was concluded 
that such inferences, which according to Pia- 
get should not geneially occur before the age 
of 7, actually ocur two years earlier 

The publication of Brame’s monograph 
touched off a controveisy with Smedslund 
(1963) He has criticized Brame’s technique, 
asserting on a number of grounds that he 
failed to demonstiate that correct responses 
must have lesulted from inference He also 
claims, with support from expeiunents of his 
own, that transitivity of length is not generally 
recognized before the age of 8 Smedslund 
(1961, 1963) also attaches importance to the 


explanations that children give of their judg- 
ments He maintains that, say, conservation of 
a property like weight or length can be said 
to have been "acquired” only when subjects 
defend their conclusions deductively, men- 
tioning both of the premises from which the 
conclusion must be inferred Nonverbal dis- 
crimination alone does not demonstrate that 
this stage has been attained 

Halpern (1965) has shown that a child’s 
veibal explanations can be indicative of the 
progress he has made in moving from the re- 
liance on perceptual cues that characterizes 
the intuitive stage to the predominance of 
thought processes that comes with the stage 
of concrete operations She took children who, 
when confronted with three objects of equal 
size, acknowledged that, if A weights more 
than B and B more than C, A must weigh 
more than C, and who could also recognize 
that weight must lemam unchanged when the 
shape of a ball of plasticine is altered She 
then divided these children into two groups, 
according to whether their explanations of 
conservation of weight had been "empirical” 
(le, they directly or indirectly referred to 
observable features of the stimulus situation 
now confronting them) or "deductive” (le, 
they directly or indirectly referred to previous 
events, such as having seen objects weighed 
in the same test item) The empirically ori- 
ented childien made more errors when tested 
for transitivity of weight with objects of differ- 
ing sizes, especially when size was negatively 
correlated with weight When these children 
were asked to compare A and C for weight, 
the influence of a demonstration on a balance 
that A weigh s more than B and B more than 
C was unable to outweigh the influence of 
perceiving C to be larger than B 

More and more experimenters have been 
examining the changeover between concrete 
and formal opeiations Lovell (1961) has re- 
peated many of Inhelder and Piaget’s experi- 
mental procedures and, with the exception of 
a few specific pomts, has come to the same 
general conclusions as they Lunzei (1965) 
obtained lelatively few successful solutions for 
childien below the age of 10 or 11, when he 
set verbal pioblems depending on structures 
of a foim A is to B as C is to D This finding, 
he contends, is compatible with the argument 
that such problems, even if concrete m con- 
tent, require foimal operations, since the sub- 
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ject must recognize relations between relations 
Nassef at (1963) gave 9- to 1 3-year-old sub- 
jects about 50 problems, which he divided 
into "concrete,” "intermediate,” and "foimal 
according to the kinds of thinkmg that they 
required As expected, when performance was 
related to age, the concrete problems were 
the first, and the formal problems the last, to 
evoke a predommance of correct solutions 
Likewise, there tended to be a progression 
with increasing age from answeis showing 
"absence of correct perception of the data of 
the problem,” to "insufficient perception of 
the data” then to "insufficient combination of 
the data,” and finally to "correct perception 
and combination of data ” 

Case and Colhnson (1962) questioned 11- 
to 18-yeai-old subjects about texts that they 
had read and gave 1, 2, or 3 points to each 
answer according to whether it manifested 
intuitive thinking, concrete operations, or for- 
mal operations, respectively The score ob- 
tained by a summing of these points was 
positively correlated with chronological and 
mental age But the mean was found to move 
by "blocks of ages” rather than increasing 
gradually with age There was a significant 
difference between 15- to 1 7-year-old and 11- 
to 12-year-old subjects Cowan (1963) gave 
8- to 13-year-old subjects "concrete” problems 
(lequiringthem to compare A and C foi weight 
after being told A weighs more than B and B 
weighs more than C) and "formal” problems 
(resemblmg the "concrete” problems except 
that relations between objects were denoted 
by nonsense syllables) There was a moderate 
positive correlation between overall perform- 
ance and mental age, and there was some 
evidence that concrete reasoning is mastered 
earlier than formal reasoning There was, how- 
ever, no support for the assumption that "con- 
crete or formal operations emerge suddenly 
at any given age level ” 

Other experimenters have looked for signs 
at much earlier ages of the kinds of reasoning 
associated with the stage of formal operations 
Mogar (1960) gave demonstrations to chil- 
dren from kindergarten and second and fourth 
grade classes of phenomena having to do with 
floating and nonfloating bodies and with the 
projection of shadows Adequate explanations 
of this phenomenon became commoner with 
increasing age within this range Ervin (1960) 
took another of the problems used by Inhelder 


and Piaget (1953) Second- and third-grade 
children were set the task of discovering the 
principles that govern the flexibility of a rod 
A few children m each age group discovered 
all four operative variables (length, material, 
thickness, and form of cross section) Failures 
resulted fiom tendencies to repeat unsuccess- 
ful predictions, to focus on an unduly narrow 
range of hypotheses, to be confused over 
terminology, and especially to overlook un- 
controlled variables 

McLaughlin (1963) has offered an alterna- 
tive to Inhelder and Piaget's interpretation of 
the obstacles that have to be overcome before 
immature forms of thinkmg can be replaced 
He holds that limitations of immediate mem- 
ory or of attention can account for the belated 
appearance of more advanced thought proc- 
esses, arguing that pre-operational, concrete- 
operational, and formal-operational thinkmg 
require, respectively, two, four, and eight 
concepts to be handled simutaneously 

The Influence of Kohler. Insight versus Trial 
and Error 

Phenomena demonstrated in animals have 
served as reference points for investigators of 
reasoning m children Kohlers (1921) experi- 
ments on “insightful” pioblem-solvmg in the 
chimpanzee have been a particularly fruitful 
source of experimental techniques and theo- 
retical issues The foremost question raised by 
Kohler was the relative importance of, on the 
one hand, the discovery of successful responses 
by tnal and error and, on the other hand, sud- 
den perceptual restructuring and understand- 
ing of relations between the elements of the 
problem situation It has, however, become 
more and more evident that this is not a sharp 
dichotomy (see Berlyne, 1965) This "blind- 1 
est” so-called "random” tnal-and-error behav-1 
lor is never a random sample of the responses \ 
of which the organism is capable but rather ' 
a selection of acts that have proved useful m ( 
somewhat similar situations in the past. And 
both American and Russian experiments (the j 
latter carried out under Pavlov's supervision j 
toward the end of his life) have shown how I 
" insight” depends on prior acquisition through \ 
learning of the essential ingredients of the ' 
solution 

Piaget's reports of behavior m infants re- 
sembling that of Kohler s apes have already 
been mentioned Historically, the first such 
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observations seem to have been made by 
Buhler (1930) One infant whom he studied 
was able by the end of the tenth month to 
pull on a string and thus obtain a cookie that 
was attached to it The ability to remove a 
img from a post by lifting it lather than trying 
to pull it sideways did not, however, appear 
until the middle of the second year S 
Two American experimenters, Alpert ( 1928) 
and Matheson (1931), have exposed pre- 
school children to situations lesemblmg those 
that confronted Kohler’s chimpanzees They 
were required to obtain otherwise maccesible 
objects by means of sticks or stnngs, to move 
a block to a position where they could stand 
on it to reach something hanging form the 
ceding, and so on The commonest leaction' 
observed by Alpert was "exploration and ehm-J 
mation,” that is "a deliberate trying out 
of one possibility after anothei or an investi- 
gation of the constituent parts of the situa- 
tion ” It was sometimes "guided by a partial 
understanding of or insight into the situation ” 
The next most frequent was the "preparatory 
response,” that is, reaching out with the hand 
This usually occurred when the chdd was 
first placed m the situation, but it was apt to 
recur after failing to solve the problem The 
"random response,” comparable to the tnal- 
and-enor behavior of Thorndike’s cats m the 
puzzle box, appeared generally as part of an 
emotional reaction to bemg thwarted The "im- 
mediate solution,” possibly preceded briefly 
by a preparatory response, occurred relatively 
rarely Nevertheless, it appears that any type 
of response will lead to a solution "only if the 
subject has gained insight mto the problem*- 
situation” According to Matheson’s record^ 
"manipulation” and "pointing and reaching” 
(identifiable with trial-and-error) weie most 
frequent, followed by "feelings of incapacity” 
and "asking the experimenter to help him ” 
Like Alpert, Matheson states that "solutions 
which occurred without piekminary manipu- 
lation” were relatively rare She equates them 
with Kohler s msight, which seems to be an 
example of a surprisingly widespread miscon- 
ception Reference to Kohler’s protocols will 
make it clear that what he calls "insight” does 
not preclude prior trial and error The gen- 
eral conclusion that "understanding may oc- 
cur m differing degrees” seems well taken 
and agrees with comments made by other in- 
vestigators of reasoning, Both Alpert and 


Matheson found positive and moderate corre- 
lations between success at these tasks and 
chronological and mental age 

Richardson (1932, 1934) tested infants 
monthly between the ages of 6 months and 1 
year for ability to obtain lures by pulling 
strings or turning levers. With mcieasmg age, 
there was more and more of a tendency to 
pay attention to the strings or levers The au- 
thor concludes that "perceptive attitudes” and 
motor capacities develop hand m hand and 
that both of them contribute to the develop- 
ment of proficiency at tasks of this kind 

Some more ongmal tasks weie devised by 
Harter (1930) They all lequned the subject 
to find a way of i amoving or cncumventing 
obstacles, so that an object could be tians- 
fened from one location to another The 
salient observation was of "considerable overt 
tiial and enor ” There was also evidence for 
some learning, since subjects made fewer 
random moves when faced with a specific 
task foi the second time, but one-trial learn- 
ing often taken as another criterion of insight, 
was not in evidence 

Russian Work Transfer from Previous 
Leammg 

Beginning with Pavlov, Russian represen- 
tatives of psychology and "physiology of 
higher nervous activity” have been unable 
to ignore Kohler’s chimpanzee experiments 
However, like many of then Western col- 
leagues and for stiikmgly similai reasons, 
they have taken exception to Kohler s theoret- 
ical interpretation with its emphasis on "in- 
sight” as something that cannot be l educed 
to learning They have felt challenged to 
show that the same phenomena can be ex- 
plained by a suitable extension of Pavlovian 
conditioned-reflex principles 

Some pertinent experiments with childien, 
paralleling the experiments with chimpanzees 
that were going on at about the same time 
under Pavlov's direction, were carried out 
in Ivanov-Smolenski’s laboratory and reported 
m a book edited by him ( Ivanov-Smolenski, 
1934) As m the experiments by the same 
gioup that were mentioned earlier, the fa- 
vonte response of pressing the rubber ball 
with the hand was generally used No verbal 
instructions were generally given, except for 
utterances like "Press!” and "Don’t press!” 
when these were selected as unconditioned 
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stimuli Furthermore, the subject was alone 
m an experimental chamber In these condi- 
tions it is easier than it is m most human 
experiments to compare the behavior that 
emerges with animal behavioi and with 
simple forms of conditioning* even though 
this behavior must be influenced by thought 
processes and by attempts to figure out what 
one is supposed to do 

Naroditskaia studied “The formation in 
childhood of new conditioned connections 
without previous elaboration ” In an initial 
phase, children were taught, with a verbal 
unconditioned stimulus, to press a rubber 
bulb in response to either a red square or 
the sound of a bell The response was fol- 
lowed by either the receipt of a piece of 
candy 01 the appeal ance of a picture In a 
second phase, the conditioned stimulus was 
changed the red square was replaced by a 
yellow rectangle or the bell by a tone In a 
third phase, the original conditioned stimulus 
was used, but the lesponse was changed by 
introducing either a bulb of a different shape 
or the same bulb in a diffeient location In 
a fourth phase, both stimulus and response 
were changed These last three situations can 
be recognized as calling for Hull’s (1943) 
“stimulus generalization,” “response general- 
ization,” and “stimulus-response generaliza- 
tion,” respectively The crucial role of the last 
of these m reasoning has been elaborated on 
elsewhere (Berlyn, 1965a, Chap 7) Naro- 
ditskaia found the percentage of subjects 
acting appropriately m all three tiansfer tasks 
to be 28 at preschool ages, 40 m 7-to 8-year 
olds, and 80 in 10-to 12-year-olds 

In Khozak’s experiment, entitled “The for- 
mation of conditioned connections m the child 
by means of a cross-over on the basis of past 
experience,” children were first confronted 
with a giey, pear-shaped bulb and the sound 
of a bell They did not press the bulb They 
were then taught to press a flat brown bulb 
in response to a flashing green light and to 
press a button m response to a rattling sound 
Candy was given as a reward in both cases 
After these two training experiences, they 
weie presented with the initial situation The 
majority of the childien then pressed the 
pear-shaped bulb Once again, we see an 
instance of stimulus-iesponse generalization, 
although the factors at work are not alto- 
gether clear Some children did not press the 


bulb in the final stage but, when asked what 
they should be doing, they nevertheless an- 
sweied “Press This might mean that the 
required association could be generated by 
a verbal mediator, elicited by the question, 
but would not appeal without it But it might 
mean instead that these children recognized 
the action that was appropnate but were pie- 
vented by some kind of timidity oi sciuple 
from performing it 

In an expeument on “The neurodynamics 
of suddenly arising conditioned closures m 
complex situations/* Kotliaievski introduced 
an additional featuie of Kohler’s ape expen- 
ment, the necessity of a prepaiatoiy tool- 
using response befoie the dnectly lemforced 
response can occur Children were taught 
to press the bulb, as a means of obtaining 
candy, on seeing a flashing yellow square 
The lesponse was, however, not lemforced 
when the square was accompanied by the 
sound of a bell Latei, they could reach the 
bulb only after loosening the tube to which 
it was attached and unwinding it from a 
hook or else by fitting two sticks togethei 
to foim an instrument by which it could be 
pulled toward them These supplementary 
actions were fiequently evoked by the posi- 
tive conditioned stimulus, the flashing yellow 
square But inhibition generalized to the new 
situation when the square and bell were pie- 
sented together Both trial and error and 
sudden insight weie observed Like Narodit- 
skaia, Kotliaievski found the frequency of 
success to mciease with age between 5 and 
12 years 

An active team headed by Rubmsthem 
(1958, 1959, I960) has focused on another 
aspect of transfer from previous learning 
They view thinking as an inteiplay of “analy- 
sis” and “synthesis ” Pavlov used these terns 
to denote, respectively, the piocesses by 
which properties of stimuli aie distinguished 
and registeied (the woik of the “analyzers/* 
i e , the sensory nerves and sensory aieas of 
the brain) and the evocation of responses 
through “conditioned connections” or (in the 
case of verbal events) “associations” Rubin- 
shtein extends these notions considerably 
Under analysis, he includes taking cognizance 
of the data of a problem, picking out essential 
components, considering its different aspects 
Analysis of sensory images is distinguished 
from analysis of verbal “images/* which is 
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essential to human thinking There is "ana- 
logous filtering,” which means simply focusing 
on one facet of a problem after another But 
special importance is attributed to "analysis 
through synthesis ” This occurs when ele- 
ments of the problem are 1 elated to one 
another and especially when the requirements 
of the solution and the conditions within 
which the solution must be reached are con- 
sidered jointly In its turn, a new analysis or 
"formulation” of the problem leads to new 
"synthesis" by bringing new thoughts into 
play This happens, for example, when rela- 
tions emeige between the present problem 
and other problems to which solutions have 
been found m the past 

Some of the experiments illustrating these 
points have been done with children For 
example, m an experiment by Zhukova 
(1960), children between 3 and 6 years of 
age had to select an instrument with which 
to extract a piece of candy from a container 
One group was presented with hooks of 
different shapes and colors, while a second 
group had hooks of different shapes but of 
the same color At first, no subject could 
solve the problem without trying out differ- 
ent hooks in turn, but, after a while, they 
could pick out a hook of the right shape 
without trial and error This transition to 
"the plane of cognition” required about half 
as many trials in the second group as in the 
first group It is suggested that the conditions 
used for the first group are representative 
of the conditions in which most everyday 
thinking goes on The stimulus properties 
that could guide one to a solution are mixed 
up with other, irrelevant stimulus properties 
The processes of structuring and generaliza- 
tion on which a "proper analysis” of the 
problem or discovery of its "functional mean- 
ing” depend are therefore impeded The sub- 
jects of the second group were, m contrast, 
able to concentrate on the propeity that mat- 
teied, namely shape In another experiment, 
Slavskaia (1960) presented children of 13 
and over with geometrical problems, seeking 
the conditions m which supplementary ques- 
tions, containing hints, could be useful Sub- 
jects could, it turned out, take advantage of 
a supplementary problem only when analysis 
of the mam problem had gone far enough 
for the relation between the two to be 
recognized 


Reasomng m preschool children has been 
one of the concerns of the Moscow school, 
which carries on the tradition of Vygotski 
Several experimenters have taken it up under 
the direction of Leont’ev and Zaporozhets 
(ElTconm, 1960, Zaporozhets and El'konm, 
1964) Once again, subjects have to gam 
access to objects with the help of interme- 
diary instruments (which sometimes have first 
to be constructed or modified) And again, 
the findings are deemed to refute Kohlers 
view Tiansfer from previous learning, es-1 
pecially learning that has resulted from social 
interaction, is seen as the key to what Kohler 
called "insight ” To quote Zaporozhets ( 1960, 
p 212), "At first, the child carries out a 
transfer solely on the basis of an external 
similarity between situations, but subsequently 
— even m preschool years — he begins to grasp 
internal mechanical connections m the rela- 
tions between objects and, after solving a 
series of similar but simplei mechanical tasks, 
he grasps the principles that unite them and 
forms the corresponding geneializations ” 
Under the joint influence of Pavlov's em- 
phasis on the central role of the second signal 
system in human behavior and Vy got ski's 
emphasis on words as transmitters of social 
influence, these Russian mvestigators dwell 
on the importance of speech as a vehicle of 
generalization that ensures appropriate trans- 
fer from relevant previous experiences to the 
present problem There are some close paral- 
lels between their views on this matter and 
the views of American psychologists (eg. 
Miller and Dollard, 1941, Staats and Staats, 
1963) on the functions of verbal mediators 
Furthermore, the importance attached to ex- 
ploratory ("orienting”) activity and the links 
established between this activity and imagery 
have drawn attention to the way in which 
images, like words, make it possible to plan 
a solution to a practical task beforehand and 
thus obviate the need for overt trial and error 
However, the ability to use these symbolic 
aids takes time to develop Minskaia (1954) 
set children various tasks requiring manipu- 
lation of levers Three different conditions 
were compared One group had to discover 
the solution while handling actual levers 
("the visuo-operative level”) A second group 
had to describe how they would solve the 
problem, using a drawing of the equipment 
("the visuo-imagmal level”) The third group 
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had to describe in words how the problem 
could be solved (“the verbal level”) More 
than 50% of the children m the first group > 
succeeded, even at 3 to 4 years This per- 
centage was not reached until 4 to 5 years 
in the second group In the third group, theie\ 
was only 22% success even at 6 to 7 years, \ 
the oldest age group tested Minskaia also I 
examined the role of exploration (“orient a-/ 
tion”), distinguishing four levels “pnmitive- 
chaotic,” looking round the room, paying 
attention to the lure but not particularly to 
the lever through which the lure was to be 
secured, concentrating on the lever and 
manipulating it, conceiving of the solution 
after simply examining the components of 
the lever visually There were no successes 
at all with the first kind of exploration, but 
the percentage of success rose from the sec- 
ond to the fourth The fourth kind became 
commoner with increasing age 

The importance of transfer from previous 
learning even for logical deduction is illus- 
trated in an experiment by Ul’enkova ( 1954) 
The ability to make correct deductions from 
premises was almost absent at 3 to 4 years 
and gradually increased to 80% success at 
7 years The probability of success varied 
both with the form of the underlymg syllo- 
gism and with the content of the premises, 
dependmg on how close they were to the 
child’s experience A training procedure, de- 
signed to “actualize” past experience and 
induce the formation of appropriate universal 
statements, had no effect on 3-year-olds, but 
improved ability to handle syllogisms in 
older children Its efficacy increased with age 
Four stages in the formation of deductive 
thinking were distinguished First, the child 
does not form any universal statements or 
generalizations, he does not give grounds for 
his assertions or, if he justifies them, he does 
so haphazardly Subsequently, the child op- 
erates with universal statements, but they 
are often invalid and they are, m any case, 
introduced inappropriately and haphazardly 
In a third stage, the child uses appropriate 
and valid universal statements but does not 
consider all possible cases Finally, the child 
overcomes all these deficiencies and can draw 
valid conclusions This investigation clearly 
deals with some of the same processes as 
Piaget’s developmental studies of logical 
' thinking It is a little hard to compare their 


findings, since UTenkova’s tests were based 
on the syllogisms of Aristotelian logic, where- 
as Inhelder and Piaget patterned their pro- 
cedures after the inferential forms of modem 
symbolic logic Ulenkova’s data seem, how- 
ever, to suggest that processes associated by 
Inhelder and Piaget with early adolescence 
can actually appear earlier 

Maier and Hull. Synthesis of Learned 
Associations 

Maier (1936) reported an experiment on 
reasoning in children in which he pursued 
a conceptualization arising out of his earlier 
experiments with rats and with human adults 
He contrasted “reasoning” (the “ability to 
combine two isolated experiences”) with 
“learning” (the “ability to combine two con- 
tiguous experiences”) His rat experiments 
had led him to conclude that these two 
abilities are distinct, since (1) brain injuries 
that impair reasonmg do not affect learnmg, 
(2) reasoning is better m older rats and 
learning m younger rats, and (3) tests of 
reasonmg ability are highly correlated with 
one another but not with tests of learnmg 

In the tide of an article reinterpreting 
Maier’s and Kohlers reasonmg experiments, 
Hull (1935) spoke in the same vein of “The 
mechanism of the assembly of behavior seg- 
ments m novel combinations suitable for 
problem solution ” Related views have been 
expressed in the Soviet Union Vatsuro 
(1948), who studied tool-using behavior in 
chimpanzees under Pavlovs direction, con- 
cluded that qualitatively new “dynamic pat- 
terns of temporary connections” can result 
from the interaction of distinct previously 
acquired conditioned reflexes Boiko (1955, 
1957) has described how new “temporary 
connections” can be foimed “without pre- 
liminary elaboration” dirough the simultane- 
ous evocation and interaction of two or more 
conditioned reflexes whose fields of cortical 
excitation overlap This kind of process, he 
maintained, underlies the “higher mental 
processes,” including deductive and inductive 
thinking 

In his experiment with children, Maier 
used an arrangement of enclosed alleys, 
shaped like a swastika, with a booth at the 
end of each arm The booth could be entered 
from inside or from outside the apparatus* 
Following the procedure Maier had already 
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introduced in his rat experiments, the child 
was initially given two distinct learning ex- 
periences First he was allowed to explore 
the mtenor of the apparatus, and, second, he 
was led into one of the booths from outside 
and shown a toy windmill whose arms would 
rotate to the accompaniment of a tune if a 
com were dropped into a slot In the test 
phase, the child was taken out of the appara- 
tus and into another booth, from which he 
was to find his way to the booth containing 
the toy Above-chance success, regarded as 
an mdex of reasoning, was “rarely developed 
to a marked extent in children below 6 years 
of age ” Smce children are able to learn 
much earlier than that, Maier felt confirmed 
in his belief that learning and leasonmg cor- 
respond to distinct abilities Success at his 
reasoning task was correlated with mental 
and chronological age 
In a series of experiments inspired by 
Huffs (1935, 1952) analyses of reasoning, 
the Kendlers and various collaborators have 
used the kind of apparatus depicted in Fig 2 
The child is first trained to perform three 
responses response A leading him to sub- 
goal B y response X leading him to subgoal 
Y, and manipulating subgoal B leading him 
to the major goal, G He is then presented 
with A and X simultaneously to see whether 
he will choose to perform A, the response 
by which he could attain the main goal For 
example, m the fiist experiment, response A 
was pulling a ribbon, which caused subgoal 
By a toy ladybug, to appear Response X was 
pulling a chain, which caused subgoal Y, a 
toy chicken, to appear The major goal, G, 
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Fig, 2, Basic plan of apparatuses used in experi- 
ments on inference by Kendlers and associates 
(From Kendler, Phskoff, and D’Amato, 1958 ) 


was a toy car In later experiments, different 
mampulanda and responses were used, but 
the geneial scheme was the same 

In the first expeiiment (Kendler and 
Kendler, 1956) there were eight groups of 
3- and 4-year-old children Four experimental 1 
groups had two trials with the A-B response, 
the X-Y response, and the B-G response, but 
the order differed from group to group Four 
corresponding control groups underwent the 
same treatments except that the B-G response 
was not introduced, they were simply shown 
the mam goal instead In the subsequent test 
phase, the experimental groups performed - 
the correct response (pulling A) significantly 
more often than the conti ol groups This 
contradicted Maier’s conclusion that reasoning 
is not generally present before age 6 As far ^ 
as the ordeis were concerned, there was 1 
evidence of inference when the A-B response 
was learned before the B-G response but not 
when the B-G response was learned first 
The details were modified in the second 
experiment (Kendler, Kendler, Phskoff, and 
D’Amato, 1 958) All subjects acquired the 
A-B response, the X-Y response, and the B-G 
response, m that order The two independent 
variables of interest were “reinforcement 
during training” and ‘motivation dui mg the 
test trial ” Half of the subjects found a gold 
charm m the major-goal container and the 
other half did not Furthermore, half of the 
subjects could see the major-goal container 
through a window during the test trial, and 
the other half could not Subjects, who re- 
ceived a charm during the training trials and 
also could see the major goal during the test 
trial performed better than subjects for whom 
one or both of these conditions were absent 
“It was concluded that inferential behavior, 
like the simple bar-pressing habit in animals, 
is influenced by independent variations of 
reinforcement and motivational variables ” 

The third experiment (Kendler and Ken- 
dler, 1961) reverted to the question of 
whether the order of acquiring the compo- 
nents of the solution chain makes a difference 
A third version of the apparatus was used 
In the training phase, all six possible orders 
of acquiring the A-B, X-Y, and B-G responses 
were used for different experimental groups, 
The groups did not, howevei, differ signi- 
ficantly m incidence of inference, This finding 
failed to support explanations of inference 
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derived from writings of Hull (1935, 1952), 
Skmner (1938), and Undeiwood (1952) 
How reasoning may be explained without 
assuming that the contributing associations 
must be acquned m a particular oidei has 
been discussed elsewheie (Beilyne, 1965a, 
Chap 12) 

A fourth experiment (Kendler and Ken- 
dler, 1962) intioduced vanous complications 
into the pioceduie The tiaimng phase was 
more elaboiate, and the subgoals weie intei - 
changed for some subjects m the test phase, 
so that response A produced subgoal Y and 
response X produced subgoal B Childien of 
8 to 10 yeais weie tested as well as kinder- 
garten childien A significant tendency to 
choose the correct lesponse m the test phase 
was shown by the older childien but not 
by the youngei children The discrepancy 
between this finding and the success that 
had been obtained with youngei childien m 
the earlier experiments was attubuted to the 
higher socioeconomic status of the earliei 
subjects and the additional complexity of the 
present task The behavior of the childien 
for whom the collect lesponse in the test 
phase pioduced the mconect subgoal and 
vice versa showed that the formation of a 
solution chain is not determined solely by 
the presence of external stimulation fiom the 
appropriate subgoal but depends also* on 
choice of the correct initial response 

The most recent expeiiment m the senes 
(Kendlei, Kendler, and Camck, 1966) con- 
centrated on the influence of verbal labels 
Some subjects weie taught to apply identical 
names to the subgoal object, £, that figuied 
m the A-B association and to the B that 
figured in the B-G association Some weie 
taught to apply diffeient names to them 
Some were not led to apply any veibal labels 
to them at all during training The dissimilar 
labels had no consistent influence on the in- 
cidence of correct solutions The use of identi- 
cal labels made conect solutions more fre- 
quent at the kmdeigaiten level but eithei 
made no appreciable diffeience oi had a 
detrimental effect m grade-3 childien To 
account for these findings, the authors sug- 
gest that older children supply their own ver- 
bal labels and that the induced labels either 
coincide with these, thus adding nothing, or 
conflict with them, impairing peifoimance 


Investigations Arising Out of Educational 
Problems 

Tests of leasomng ability have, of course, 
long been of mteiest to educational psycholo- 
gists A consideiable body of theoretical writ- 
ing has giown up along with the testing 
movement, much of it relating to classifica- 
tion of intellectual abilities with the help of 
factor analysis and othei taxonomic tech- 
niques (eg, Speaiman, 1927, Thuistone, 
1938, Guilfoid, 1967) Foi a long time, there 
was a wide and highly regrettable chasm be- 
tween those who were measunng intellectual 
capacities and those who weie domg experi- 
ments to discover the laws that govern in- 
tellectual piocesses Fortunately, the educa- 
tional leform movement of the 1960s has 
begun to bridge this gulf between applied and 
basic research 

An interesting example of a synthesis be- 
tween the two appioaches is Donaldson’s 
(1963) book She set children vanous piob- 
lems such as aie widely used m intelligence 
tests They included matching problems, 
thi ee-term-senes pi oblems, sei les-exti apola- 
tion pi oblems, i elated-senes pi oblems, and 
problems lequnmg foimal deductive reason- 
ing Her aim was to find out how errors arose, 
and her findings led her to place them in 
three majoi categories Theie were “struc- 
tural” errors (due to “failuie to appieciate the 
relationships involved m the problem oi 
giasp some punciple essential to the solu- 
tion”), “aibiti aiy” eirois (due to “a lack of 
loyalty to the given”) , and “executive” eirors 
(due to “some failure m the actual canymg 
out of the manipulations required”) With 
lefeience to the last category, the author says 
that “some defect of concentration, of atten- 
tion, or of immediate memoiy seems usually 
to lie at then* origin ” 

The gi owing appieciation of cieativity and 
independence of thought by contemporary 
society has encouiaged educational psycholo- 
gists to seek ways of promoting intellectual 
capacities rather than simply diagnosing 
them By delving further into the operative 
mechanisms than was customary until re- 
cently, an investigation like Donaldson’s can 
conti ibute to this change Two studies super- 
vised by Suppes (Suppes and Hill 1961, 
Suppes, 1966) were similarly prompted by 
hopes of advancing pedagogical technique 
Childien langmg between 6 and 8 yeais 
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of age were set problems, each of which pre- 
sented them with two or three premises and 
required them to state whether or not a 
particular proposition would follow 

The percentage of correct answers in- 
creased from 71 18 at 6 years to 85 58 at 8 
years A control group, for whom the first 
premise of each item was omitted, answered 
correctly 52 02% of the time The inclusion 
of negative propositions among the premises 
raised the probability of error 

The second study was concerned with the 
ability of first-grade children to construct 
proofs m a simple mathematical system One 
training procedure used discrimination learn- 
ing with coirection Aftei arriving at each 
lme of the proof, the subject had to choose 
from four alternatives the kmd of step that 
needed to be taken next He was then shown 
the correct choice Childien trained with this 
procedure made fewer errors than others who 
were trained with a discovery method and not 
corrected until the whole proof had been 
completed 

Other experimenters have sought more di- 
rectly to devise instructional methods that 
can improve the efficiency of reasoning In 
the U S S R , Landa (1959, 1961, 1962) has 
devised “algorithms” for training pupils in 
“rational methods of think” Algorithms re- 
semble computer flow charts, except that 
“they take into account the experience in 
thinking operations possessed by the child” 
The pupil is taught to go through a prescnbed 
sequence of steps, each of which involves 
asking himself a specific question about the 
problem material and performing one of a 
set of alternative operations in accordance 
with the answer to the question Landa has 
applied this method, which draws on mathe- 
matical logic, cybernetics, and information 
theory, to geometry and to grammatical anal- 
ysis and claims that it could enable problems 
to be solved more speedily, easily, and effec- 
tively 

In the United States, Crutchfield (Coving- 
ton and Crutchfield, 1965, Crutchfield, 1966) 
and his associates have produced written and 
pictorial material, resembling comic strips, 
that is designed to “promote generalized 
problem-solving skills” m fifth- and sixth- 
grade children, A child is taught “the value, 
necessity, and techniques of identifying and 
defining a problem properly, of asking ques- 


tions and taking time for reflection rather than 
leaping to conclusions, of loo'king carefully 
at details and searching for discrepancies, of 
generating many ideas and not fearing to 
come up with what may seem 'silly* ideas, of 
lookmg everywhere when stymied for possible 
clues and sources of ideas, etc ” He is given 
opportunities to generate his own ideas and 
receives “immediate and frequent feedback” 
m the form of “good examples of fruitful 
questions and hypotheses ” Preliminary stud- 
ies have indicated “substantial increments m 
the performance of the trained children on 
a variety of criteria and tests of problem- 
solving and creative thinking” 

MOTIVATIONAL FACTORS 

During the last 100 years, theie has been 
a great accumulation of data on how both 
adults and children think when a psychologist 
has just instructed them to do so Remaikably 
little is known about the conditions that 
govern spontaneous thinking m early or later 
life It is, of course, obvious that effects re- 
sembling those that result from verbal in- 
structions to thmk can be induced by other 
factors in everyday life outside the labora- 
tory, for example by a subject’s self-mstruc- 
tions or their equivalents But all too little 
attention has been paid to the problem of 
exactly how words uttered by an experi- 
menter can set thought processes in motion 
so powerfully and exactly what other con- 
ditions can and cannot have the same kmd 
of influence 

In other words, the investigation of the 
motivational factors that underlie thinking 
have been woefully neglected both by spe- 
cialists m adult thinking and by specialists 
m childrens thinking (see Berlyne 1960a, 
1965a) The factors that need to be identified 
if the so-called motivational aspects of think- 
ing are to be illuminated include those that 
determine when a piece of directed thinking 
will begin, why it is aimed at one problem 
rather than at others, how long a thought 
process will persist, and when it will be 
terminated either through discouragement at 
lack of success or through recognition that 
a solution has been attained 

There are nevertheless some directions m 
which we may seek hmts concerning these 
matters. 
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Exploratory Behavior 

There has been a great deal of experimental 
work on the determinants of exploratory re- 
sponses m children (Berlyne, 1960a, 1966b, 
Cantor, 1963) Exploratory responses — which 
may include eye movements, head turning, 
locomotion, and manipulation — have m com- 
mon the function of introducing, intensifying, 
or prolongmg 'indifferent” stimulation, that 
is, stimulation that is not detectably accom- 
panied by biologically important effects on 
the organism apart from the sense organs 
and the nervous system It is clear, however, 
that such stimulus-seeking behavior can 
perform several sharply different biological 
functions and that indifferent stimuli may 
be sought for various reasons 

One distinction (Berlyne, 1960a) that has 
appeared more and more important as re- 
search has proceeded is that between "spe- 
cific” and “divers ive” exploration Specific 
exploration is likely to occur when the or- 
ganism is disturbed by a specific lack of in- 
formation (uncertainty), and it is directed 
toward portions of the external environment 
that may supply the information through 
which the uncertainty-induced discomfort 
(perceptual curiosity) can be relieved Di- 
versive exploration, which includes several, 
if not most, of the activities that we classify 
as "play” (Berlyne, 1969), is aimed at stimu- 
lation, regardless of source, that possesses 
characteristics such as novelty, surprismgness, 
and complexity to the right degree 

Other writers have been led by their ob- 
servations to suggest essentially the same 
dichotomy Lewis, Kagan, and Kahfat 
(1966), discussmg eye movements m infants, 
state that “there appear to be two causes of 
long fixations (1) a preference created by 
the pleasure derived from looking at the 
stimulus and (2) a desire to categorize a 
stimulus or comprehend its meaning” These 
clearly correspond to diversive and specific 
exploration, respectively Likewise, Hutt 
(1966), who studied the behavior of 3- to 
5-year-old children confronted with a rec- 
tangular box bearing a lever and four coun- 
ters, distinguished two successive phases 
First, there was “investigation” (i e , specific 
exploration), during which "all receptors 
were oriented towards the object, the general 
expression being one of concentration * ” The 
goal of this behavior was "getting to know 


the properties” When the child “feels he 
knows the properties of the object m that 
environment,” specific exploration gives way 
to "play” “vision and manipulation were no 
longer simultaneously directed toward the 
object” and “the behavior towards the object 
might almost be described as ‘nonchalant 
There was a "gradual relaxation of move- 
ment” and, m this phase of evidently diver- 
sive exploration, “the emphasis changes from 
the question of what does this object do? 7 to 
what can I do with this object?* ” 

Of these two forms of exploratory be- 
havior, the diversive form may have more 
affinities with autistic or free-associative 
thinking, but directed thinking and reasoning 
must be more closely related to specific ex- 
ploration Thus specific exploration and di- 
rected thinking are aimed at access to in- 
formation that can relieve specific subjective 
uncertainties Both can be regarded as means 
of relieving an aversive condition due to lack 
of information Both seem to arise from the 
kinds of motivational condition that, in ever- 
day parlance, we call "curiosity” 

There are, however, important differences 
between specific exploration and directed 
thinking Whereas specific exploration leads 
to appronate external stimulus patterns, di- 
rected thinking is a form of "epistemic be- 
havior” (Berlyne, 1954, 1960a) , which means 
that its function is to supply “knowledge” or 
information stored in verbal or other symbolic 
stimulus patterns Some epistemic activities^ 
notably consultation (which includes direct- 
ing spoken or written questions at another 
person or looking up reference books), bring 
the subject into contact with external sym- 
bolic formulas Directed thinking, on the 
other hand, constructs patterns of symbolic 
responses inside the subject, whose stimulus 
aspects are then capable of guiding overt 
behavior in conjunction with external stimulus 
situations 

Specific exploratory responses aie usually 
evoked by stimuli that are novel, surprising, 
complex, or ambiguous (Beilyne, 1960) 
These and other “collative” stimulus properties 
(properties dependent on comparison of two 
or more stimulus patterns) generally entail 
subjective uncertainty about inaccessible pro- 
perties of the stimulus object or event There 
have been sevei al competing analyses of the 
essence of the collative stimulus properties, 
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accounting for their motivational effects (Ber- 
lyne, 1963, 1965) Whichevei precise formu- 
lation is favored, it is recognizable that they 
work by setting up discrepant processes m 
the central nervous system They can be 
argued to motivate through conflict , which 
means, in the most geneial sense of the term, 
a condition m which mutually mteifenng 
processes occur simultaneously and in which 
selection of a motor response fiom a set of 
competing alternatives is theiefore hampered 

In the case of the ° 'problems’" that give 
rise to directed thinking, and to epistemic 
(knowledge-seeking) behavior generally, not, 
only is the “solution,” the pattern that re-' 
solves the uncertainty, symbolic m form The 
motivating conflict, whether it rises from 
contact with a puzzling external object, ex- 
posure to a puzzling verbal message, oi im- 
mersion in a puzzling tiam of thought, is 
usually “conceptual conflict” or conflict be-( 
tween incompatible symbolic lesponse ten- 
dencies In other woids, although extraneous 
sources of motivation may play an important 
part when thinking is aimed at the solution 
of a “practical” problem, directed thinking, 
it would seem from this line of argument, is' 
initiated and kept going by factors stirring 1 
up mutually discrepant beliefs, attitudes, and i 
trains of thought 

Piaget’s Equilibration 

Piaget (1957, etc ) has asserted that the 
major advances that mark the child’s piogiess . 
from less mature to more mature ways of 
perceiving and thinking are brought about 
chiefly by a process he calls “equilibration ” 
This is a tendency for systems of conceptual 
and intellectual activities to form structuies 
of progressively more complete equilibrium 
Although he concedes that learning and 
maturation have their contributions to make, 
equilibration is deemed distinct from either 
of them Piaget discusses equilibration m 
lelation to the major transitions of intellectual 
development, such as the transition from 
unoigamzed, haphazard perception to the 
“perceptual activities” that mitigate “primary If 
illusions and the transition fiom “intuitive” 
to “operational” thinking It seems reasonable,! 
however, to suppose that similar factors will 
account for the initiation of a specific piece 
of thinking as well as the adoption of new 
overall strategies of thinking and the con- * 


struction of the compiehensive systems of 
thought elements on which every specific 
thought piocess depends 

Piaget (eg, 1967) dissociates equilibration 
from matuiation on the grounds that the 
“dynamic structures” that undeihe thinking 
are not innate but form very gradually The 
stages that maik then constiuction do not 
coi respond to a particular age but occur in 
a constant order of succession Maturation 
simply fixes the limits beyond which develop- 
ment spurred by other factois cannot go 
These points seem, however, to be equally 
applicable to aspects of behavior, like grasp- 
ing and locomotion, that are generally cited 
as pioducts of matuiation As for learning, 
Piaget and his associates (Gieco and Piaget, 
1959, Goustaid et al , 1959) have gatheied 
evidence that the phenomena attubuted to 
equilibration aie not pioduced simply by 
exposure to external events lllustiating logical 
and mathematical principles This is the mam 
basis foi his distinction between equilibiation 
and learning But the view that learning le- 
sults simply from experiencing external stim- 
uli m particular sequences was characteristic 
of the eighteenth-century empmcists and the 
nmeteenth-centuiy associationists It is not 
typical of the contemporary learning theorist, 
although Tolman (1932) admittedly put foi- 
ward a rather similar conception in modem 
times 

We may conclude, lathei, that what Piaget 
calls “equilibration” is a form of learning, 
limited by maturational factors, that is moti- 
vated by conflict and leinforced by conflict 
reduction (Berlyne, 1960b, 1965, Ranzi and 
Tampien, 1966) This can be seen from some 
of the rather meager hints that Piaget has 
thiown out regarding the essence of equilibra- 
tion He says (1957), for example, that pro- 
gressive equilibration makes for mci easing 
ability to predict and secunte (assurance, 
security, safety) It therefore seems to be a 
mattei of relieving subjective uncertainty 
Equilibration also means a balance between 
“assimilation” (determination of behavior by 
factors inside the oigamsm) and “accommoda- 
tion” (determination of behavior by proper- 
ties of external objects) It therefore evidently 
minimizes conflict due to discrepancies be- 
tween external stimuli and expectations, be- 
liefs, or habits derived from previous learn- 
ing Equilibiation is said to result from 
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recognition of the inconsistency of judgement 
to which less mature forms of perception and 
thinking lead The importance of conflict has 
received some confirmation from Smedslund’s 
work (1961a, b) showing how conservation 
of quantitative invariants can be speeded 
up by a technique that forces a child to face 
the latent inconsistencies among his thought 
structures Several new educational tech- 
niques (particularly the so-called "discovery” 
methods — see Berlyne, 1965b) seem similarly 
to improve retention and understanding by 
confronting a child with experience that re- 
veals the gaps and discordances in his present 
knowledge / 

Questions 

Still further evidence on the development 
of motivational factors with relevance to 
thinking comes from studies of children’s 
questions 

A question addressed to someone likely to 
know the answer is an epistemic response 
that often forms an alternative to directed 
thinking We must thus suppose that these 
two epistemic activities have common sources 
of motivation A question, whether put by 
somebody else or put to oneself, frequently 
starts off and directs a thought process Fur- 
thermore, just as the existence of information 
(whether m the technical mathematical sense 
or m the everyday sense) necessitates prior 
uncertainty and just as curiosity is a product 
of previous knowledge supplying alternative 
hypotheses and competing response tenden- 
cies, a question is likely itself to be a product 
of previous thinking, from which subsequent 
thinking issues 

Studies of Spontaneous Questions 

As Piaget (1923, Chap 5) says, “Theie 
is no better introduction to child logic than 
the study of spontaneous questions ” One 
might add that these questions must also 
have a great deal to tell us about the condi- 
tions that motivate recourse to logic Fahey 
(1942) has supplied a useful review of em- 
pirical woik and ' theoretical views on chil- 
dren’s questions up to the end of the 1930s 

In the early days of child psychology, when 
day-by-day observation of individual chil- 
dren, usually the investigator s own offspring, 
was the standard source of information, plen- 
tiful collections of questions uttered by chil- 


dren in the course of their normal activities 
were accumulated and analyzed Several 
works belonging to this penod (eg, Stem, 
1914, Piaget, 1923) differentiate two phases 
The first phase begins at about the age of 
1J4, when the child has discovered that 
everything has a name It is chaiacterized 
by an abundance of requests for names of 
objects and also of questions about place 
Around 2% begins the second phase, m which 
why-questions and when-questions predomi- 
nate 

Piaget’s (1923, Chap 5) penetrating anal- 
ysis of 750 why-questions asked by one boy 
between the ages of 6% and 7J4 led him to 
distinguish a numbei of categories There 
were requests for explanations (m terms of 
either cause or end) with reference to physi- 
cal objects, requests for motivation with refer- 
ence to psychological actions, and requests 
for 'justifications with reference to customs 
and rules or (logical justification) with refer- 
ence to classification and connection of ideas 
Piaget agiees with Stern that the eailiest 
why-questions are not expressions of curiosity 
but lather simply expressions of "wonder at 
what is unusual” (Stern, 1914), of an affec- 
tive reaction to "disappointment produced by 
the absence of a desired object oi the non- 
arrival of an expected event, i e , surprise 
and frustiation” This tallies with the fact 
that these earliest why-questions do not seem 
to call for answers, the child will, m fact, 
sometimes answer them himself A little later, 
however, the child is evidently directing why- 
questions at adults m the hope of having 
something explained to him, but both his 
questions and his reactions to the answers 
that he receives manifest "precausal” thought, 
in which physical causality, human inten- 
tions, and logical deduction are not clearly 
separated It is interesting that, when con- 
versations between two boys of about the 
same age were recorded (Piaget, 1923, Chap 
1), a very small percentage of the questions 
that passed between them were "whys ” 
Causality, as Piaget points out, "remains the 
subject of conversation between children and 
adults or the child’s own solitary reflection ” 
Consultation of adults and directed thinking 
are evidently the only epistemic activities 
that are regularly rewarded by receipt of 
curiosity-reducing explanations 
To return to the first boy, questions that 
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did not begin with ‘why” consisted of ques- 
tions relating to causal explanation, reality 
and history , human actions and intentions , 
rules and usage, arithmetical relations, and 
classification and evaluation 

A somewhat similar study, with concentra- 
tion on why-questions, was carried out by 
Isaacs (1930) He disputes many of Piaget’s 
points, particularly those that emphasize dif- 
ferences between the causal thinking of chil- 
dren and adults He also goes further m 
analyzing the conditions that motivate why- 
questions, seeing the crucial factor as “a 
certain clash, gap or disparity between our 
past experience and any present event ” 
When this occurs, “immediate experience 
turns mto a sense of something wrong with 
knowledge, some unsuspected error, insuffi- 
ciency, or confusion — or of something wrong 
with the perception of a supposed fact” So 
the role of conceptual conflict, which was 
recognized by Stem and Piaget, is brought 
out even more clearly 

Statistical analysis was apphed to large 
samples of children’s questions by McCarthy 
(1930) and by Davis (1932) Questions 
were found to appear at a faster rate in boys 
and in children of higher socioeconomic 
status The rate increased with age up to 
about 30 months and then remamed fairly 
steady for some years after The incidence 
of different types of questions also varied 
with the same variables Both authors found 
questions to occur much more frequently 
when a child is talking to an adult than when 
he is talkmg to another child 

Studies of Induced Questions 

In children of school age, questioning has 
generally been studied by procedures that 
induce or invite questions The early litera- 
ture of this kind is also covered m Fahey’s 
(1942) review 

Yamamoto (1962) has analyzed questions 
produced by 850 subjects (grade-1 to grade- 
12 children, as well as adult counsellors) who 
underwent an “Ask and Guess Test” The 
subject is shown a picture illustrating a 
familiar nursery rhyme In the first part of 
the test, which is the only part of mterest 
here, the child is instructed to ask as many 
questions as possible about what he sees 
in the picture* The number of questions 
asked tended to increase with age Ques- 


tions beginning with “why” were commonest, 
they comprised 70% of the questions asked 
by grade-1 to grade-3 subjects, but their in- 
cidence dropped at grade 4 and higher, while 
questions beginning with “what” became more 
frequent “Be?” questions (1 e , questions 
inquiring whether or not something is the 
case) become more frequent with age 
throughout the range To sum up, children 
appear to advance from “global” questions 
(why?) to “specific” questions (what?, when?, 
where?, who?, and which?) and finally to “de- 
finitive” questions (how?, and be?) 

Aikawa and Honuchi (1962) solicited 
why-questions from 1028 children between 
grades 2 and 9 The number of questions 
supplied reached a peak at grade 6 and then 
declined Why-questions about “human life” 
increased with age, while why-questions 
about “things” and about “animals and 
plants” became gradually less frequent Why- 
questions regarding “natural phenomena” 
rose from grades 2 to 4 and then became 
less numerous Boys asked more why-ques- 
tions about “heavenly bodies” and “instru- 
ments” than girls but fewer about “animals 
and plants” The authors conclude that a 
phase of “materially cognizing reality” cor- 
responds to late infancy and early childhood, 
whereas, after a transitional level occupying 
middle and late childhood, there is a phase 
of “socially cogmzing reality” coinciding with 
pre-adolescence 

In an experiment by Stirling (1937), ques- 
tions were elicited while children were ex- 
posed singly to a variety of pictures and 
stories Questions were more numerous, and 
bore on a large number of items, the older 
the child was Older children also asked 
more questions about purposes, times, and 
places, and fewer about names and attributes 
of objects The number of questions also 
mcreased with IQ and socioeconomic status 

This technique was extended by Berlyne 
and Frommer (1966), who used pairs of 
items — pictures, orally related stories, orally 
related stories accompanied by pictures, and 
a magic tnck — representing different values 
of “collative” variables (Berlyne, 1960), such 
as novelty, surprisingness, incongruity, un- 
certainty, and amount of information. The 
subjects ranged m age from kindergarten to 
grade 6 Over all age groups there was evi- 
dence that novelty, uncertainty, incongruity, 
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and surprisingness increased the incidence 
of questions Number of questions increased 
with age m two of the schools fiom which 
subjects were taken but reached a peak m 
grade 3 at the remaining schools This is 
likely to have been because the older chil- 
dren at this school turned out to be familiar 
with some of the stories that were used 
Provision of answeis to the questions in- 
creased the incidence of questions in grade-3 
children but not in younger or older chil- 
dren The authors suggested that “in the 
youngest children, the potential reinforce- 
ment value of answers may not have been 
operative and , in the older children, 
some other factor may have made up for 
the lack of answers when they were not forth- 
coming ” 

At all ages, specific interrogations (ques- 
tions beginning with an interrogative adverb) 
were commoner than yes-no questions (ques- 
tions asking whether a particular proposition 
is true or false) Explanatory questions were 
more numerous than factual questions when 
children were faced with a surprising magic 
trick, but factual questions were commoner 
m situations where facts were conspicuously 
lacking, that is, with exposuies to a picture 
of a boy or a girl not accompanied by oral 
information and with exposure to stories of 
uncertain outcome Explanatory yes-no ques- 
tions, which require formation of an explana- 
tory hypothesis, were found to an apprecia- 
ble extent only among older (grade 5) chil- 
dren exposed to surprising magic tricks 
When confronted with a story of uncertain 
outcome, the proportion of children asking 
which of the alternative possibilities was 
realized went up with age, but most children 
below grade 3 did not ask such questions 

Questions in the Course of Problem-Solving 

The vital role of questions, and especially 
of well chosen questions, m directed thinking 
is illustrated by two experimental studies 

Liublmskaia (1948, cited by EFkomn, 
1960, p 262, and Zaporozhets, 1964, pp 
210-211) observed preschool children faced 
with practical tasks and distinguished two 
kinds of verbal reaction, "play speech/’ re-i 
fleeting emotional reactions to the situation, 
and “questioning speech/* which is "directed 
to the establishment of new connections and 
relations as yet unknown to the child” (Za- 


porozhets, 1964) Questions about causes 
were likely to occur when the child was faced 
with some difficulty, such as the failure of 
a toy to work as expected To quote from Za- 
porozhets’s interpretation, “The appeal ance 
of such questions is extiemely important, 
since it attests the occurrence within the 
child of the first representations of the pres- 
ence of causal relations Furthermore, these 
questions exert an essential influence on the 
very process by which the child solves a prac- 
tical task, imparting to his actions a striving 
for a correct solution, and imparting to the 
thought process a definite direction ” In the 
youngest children, attempts to remedy an 
impediment have a chotic character, but a 
question put by an adult can induce them 
to look for causes and to endeavor to put 
things right in a goal-directed and organized 
way After expenence of such interaction with 
adults, the child learns to put appropriate 
questions to himself spontaneously, and the 
formulation of a question, even m such a 
general form as “What’s m the way?” or 
‘What’s gone wrong?”, can make his search 
for an appropriate course of action more ef- 
fective The ability to do this in the face of 
practical problems comes, as one might ex- 
pect, rather earlier than the ability to do it 
in the face of more abstract problems re- 
quiring logical inference 
Two variants of the “Twenty Questions” 
game weie used by Mosher and Hornsby 
(1966) with children between 6 and 11 
years It is well known that the most rational 
strategy for games of this kind is what these 
authors call “constraint seeking,” which means 
asking questions that narrow down the range 
of possibilities progressively and have equal 
chances of being answered affirmatively and 
negatively The opposite of this strategy is 
what they call “hypothesis scanning” “A 
child simply asks a series of questions, each 
of which tests a self-sufficient, specific hy- 
pothesis that bears no necessary relation to 
what has gone before ” In a first experiment, 
the children were confronted with 42 pic- 
tures of common objects and had to find out 
which one the experimenter had selected 
Almost all the questions asked by 6-year-old 
subjects were of the “hypothesis-scanning” 
type “Constraint-seeking” questions were 
somewhat more numerous than these at age 
8 and comprised almost 80% of questions 
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asked at age 11 When 8-year-old children 
asked a constraining question, it was usually 
followed by a series of specific-hypothesis 
questions rathei than by further constraint 
seeking On the other hand, 11-year-olds 
geneially avoided voicing specific hypotheses 
until they felt ready to termmate the inquiry 
A second experiment used verbally de- 
scribed situations For example, subjects were 
told, “A man is driving down the load m his 
car The car goes off the road and hits a tiee,” 
and they had to find out what caused the 
accident Here, m conti ast with the first 
experiment, where the alternatives were re- 
stricted to a set of pictures in front of the 
subject, the possible solutions came fiom an 
unrestricted univeise As before, 11-yeai-olds 
used constraint seeking moie often than hy- 
pothesis scanning But at the ages of 6 and 
8, there was more partiality for hypothesis 
scanning than m the previous experiment 
Furtheimore, the percentage of children who 
asked connected senes of questions, “basing 
later questions upon answers obtained 
earlier,” rose fiom 40 at the age of 6 to 80 
at the age of 11 Interestingly enough, when 
children were offered a choice at the begin- 
ning of the game between a general and a 
specific question, one-thnd of the 6-year-olds 
and most of the 8-year-olds actually chose 
the general constraint-seeking question As 
the authors put it, “They appeared able to 
recognize a bettei strategy in the verbal 
game, but they seemed less able to mount 
the strategy on their own initiative” 

A related investigation has been conducted 
by Olson (1966) Children were presented 
with a board bearing a numbei of light bulbs 
arranged m a matrix pattern They were told 
that some of the bulbs, but not others, would 
light up when pressed, and two diagrams 
representing alternative partitions of the ma- 
trix mto active and inactive bulbs were 
shown The subject had to find out which 
of the two diagrams represented the true 
state of affairs, and this entailed pressing 
bulbs on the board m Older to see whether 
each of them would light up or not These 
bulb-piessmg responses weie thus equivalents 
of questions Three-year-old children pressed 
bulbs m a “somewhat orderly” manner but 
independently of the diagrams representing 
the alternative combinations At 5 years of 
age this behavior was generally replaced by 


a “circuit-pattem-matchmg strategy” the 
child tiled out each of the alternative solu- 
tions m turn, confining himself to bulbs that, 
according to the diagram, should light up 
Finally, at about age 7, the “information- 
selection strategy” appeared The child con- 
centrated on “informative” bulbs — bulbs that 
would light up accordmg to one solution but 
not accoidmg to the othei and could thus offei 
a way of deciding between the alternatives 
rapidly The author points out that the tians- 
ltion from the kind of search characteristic of 
the 3-year-old to the pattern-matching of the 
5-year-old requues “not only the achievement 
of recognition of correspondence between a 
model and its leferent, but also an achieve- 
ment of the ability to reproduce ” There 
must be “some mteiplay between the image 
and the action that it must guide ” The 
information-selection strategy necessitates 
“being able to deal not with one image at a 
time, but rathei with the properties oi fea- 
tures of several images simultaneously ” “Such 
a step,” Olson writes, “corresponds to the 
development m the Twenty Questions game 
when childien are able to ask ‘mdnect’ ques- 
tions about constiaints, rather than testing 
hypotheses directly” 

Procedures for Training in Questioning 

As Mack worth (1965) has emphasized in 
a lecture on “Originality,” “pioblem finding 
is more important than problem solving ” 
Guilford (1956, 1967) has identified a di- 
mension of “sensitivity to problems” as an 
important component of ability to think 
cieatively It is thus far from surpnsmg to 
find questions assigned a prominent role in 
some of the newei pedagogical techniques, 
with their stress on training for creative 
problem-solvmg 

Some of the “discovery” methods confiont 
children with questions and requne them to 
find the answeis to them through their own 
efforts Others make the child formulate his 
own questions as an incentive and guide to 
fruitful discovery There has theiefore been 
considerable interest in the possibilities of 
training childien to formulate questions moie 
effectively and leadily 

One notable example is the “Inquuy Tiain- 
mg” project (Suchman, 1959, 1962, 1963) 
A proceduie developed under its auspices 
begins with a shoit film demonstiating a 



CHILDREN’S REASONING AND THINKING 973 


surprising physical phenomenon (eg, a brass 
ball that is small enough to pass through a 
nng case can no longer do so after it has 
been heated) This is followed by “episode 
analysis” (Stage I) or a verification that the 
content of the film has been coirectly noted 
The children aie then invited to discover the 
principles governing the phenomenon they 
have witnessed They do so by putting ques- 
tions to the teacher The questions must be 
ones that can be answered “yes” or “no” and 
correspond to possible experiments that could 
be performed 

This constitutes Stage II, aimed at “isola- 
tion of the relevant variables and necessary 
conditions” and “identification of conditions 
that are necessary for the outcome of the 
film demonstration ” Then, Stage III is de- 
voted to “induction or relational constructs ” 
Hypotheses regardmg physical principles and 
relationships must be formed, and ways m 
which they can be tested must be conceived 
A validation study, comparing children ex- 
posed to the mquiry-traimng procedure with 
others who were simply exposed to the film 
and then to more conventional teaching, in- 
dicated that “The inquiry skills of fifth-grade 
children can be improved over a 15-week 
period ” The total fluency of questionmg was 
significantly greater m the experimental 
gioup, and, m paiticular, fruitful kinds of 
questions were more frequent 

Another, somewhat similar program has 
been tried out by Blank and Covington 
(1966) Their subjects, predominantly boys 
m grade 6, were divided mto three groups 
All were exposed to verbal descriptions of 
situations in which somebody had to make 
a choice between alternative courses of action 
Group I went through an auto-instructional 
program, aimed at training them to tell when 
a question cannot be completely answered 
without additional items of information and 
to seek the additional items by formulating 
suitable questions Group II had an “emascu- 
lated” form of the program, in which they 
were simply told that certain kinds of in- 
formation were needed Group III had no 
programmed material The results of the auto- 
instructional program were tested in several 
different ways There was a pretest and a 
posttest with oral and written problems. 
Then, performance on a science-achievement 
test requirmg problem solving was measured 


Finally, teachers were asked to rate the chil- 
dren for participation m class discussions on 
scientific subject-matter Between the pre- 
test and posttest problems, there was a sig- 
nificant rise m the number of questions asked 
m Group I but not m the other two groups 
Gioup I also exceeded the other two groups 
in their scores on the science-achievement 
test and m rated participation m class discus- 
sion 

Asking questions, like other forms of epi- 
stemic and exploratory behavior, has always 
to contend with competition from locomotor 
withdrawal or from withdrawal of attention as 
a means of i educing distuibance from novel 
or puzzling stimulus patterns The educational 
system must presumably incline children 
toward approach and information-seeking, 
although this must not go too fai Exces- 
sive scrutiny of external objects and pondering 
before coming to a decision is character- 
istic of obsessive-compulsive neurosis Chil- 
dren must presumably be taught to judge 
when persistent exploratory and epistemic 
efforts are worthwhile and when they are not 
worth embarking on or should be abandoned 
If relatively buef tiainmg programs, such as 
those just described, can incline the child 
to seek information and to construct questions 
that will enable him to do so efficiently, much 
must depend on the environment to which 
he has been exposed m his early years The 
degree to which parents and teachers en- 
courage a child's questions and answer them 
patiently and fully will, we must suppose, 
have lasting effects Whether a child has 
been led into epistemic efforts that lie within 
his capacities and extend them progressively 
or whethei he has been frustiated by unsuc- 
cessful attacks on problems that exceed his 
capacities will, no doubt, also have an im- 
portant influence 

Profound differences between social classes 
and ethnic groups in aptitude and taste for 
schoolwork have often been noted These 
diffeiences could be due m part to motiva- 
tional differences dependent on factois like 
these In experiments on exploratory beha- 
vior, Lore (1965) found that lower-class 
“culturally deprived” children, at 6 or 7 
years of age, spent less time looking at visual 
patterns than middle-class “culturally en- 
riched” children of comparable age The 
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difference m mean inspection time was par- 
ticularly marked with irregular or incongru- 
ous (1 e , problem-raising 01 conflict-inducing) 
patterns It seems likely that a similar differ- 
ence would have emerged if epistemic be- 
havior, including questioning and directed 
thinking, had been investigated instead 
Of late, considerable effort has been ex- 
pended on working out teaching methods that 


could impiove the efficiency of children’s 
reasoning Future research must pay at least 
as much attention to the motivational factors 
that govern readiness to embark on thinking, 
skillful choice between thinking and alter- 
native epistemic activities (consultation, ob- 
servation), and the ability to judge when 
epistemic efforts are worthwhile and how 
long they should continue 
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14. Concept Development 

JOHN H FLAVELL* 


CONCEPTS 

The search for a satisfactory definition of 
the term “concept” is a lexicographer s night- 
mare Like its complex and elusive instances 
— “art,” ‘life,” “religion,” etc — this concept 
seems to defy all attempts at adequate epito- 
mization There have been many such at- 
the topic begm with some sort of definition 
tempts, of course, nearly all writers who treat 
(eg, Bruner, Goodnow, and Austin, 1956, 
Carroll, 1964, Harvey, Hunt, and Schroder, 
1961, Hunt, 1962, Kendler, 1961, Klaus- 
meier et al , 1965, Langer, 1948, Russell, 
1956, Sigel, 1964, Vinacke, 1952) The vari- 
ous characterizations are far from identical, 
needless to say, and after pondering on them 
for a while the reader is tempted to think that 
their most important similarity is their com- 
mon inadequacy Each one leaves the reader 
with a sense that something has been omitted, 
distorted, or oversimplified — that something 
he intuitively feels to be true of at least some 
concepts has simply not been captured 

After further pondering he begins to sus- 
pect where the trouble lies First, the array of 
entities that have been or could be included 
under the rubric “concept” is truly extraor- 
dinary Second, a search for attributes com- 
mon to this array gives meager returns the 

* The author wishes to express his deepest ap- 
preciation to Samuel R Canmzzo, Marvm W 
Daehler, Terry G Halwes, Barbara E Moely, and 
Frances Wynns Knudtson for their bibliographic 
assistance in the preparation of this chapter He 
is also much indebted to Joachim F Wohlwill 
for his invaluable contributions to the ideas (at 
least the better ones! ) presented in the final sec- 
tion on general issues 


number of attributes is small, their applica- 
bility to the entire array is often dubious, the 
insight they give into the essential nature of 
concepts is fiequently uncertain Third, and 
in contrast, these entities differ from one an- 
other in an astonishing number of ways, the 
dissimilarities are, in fact, far more striking, 
clear-cut, and important-looking than the sim- 
ilarities 

Given this preponderance of differences 
over similarities, it is little wonder that the 
definitional enterprise has been so difficult, 
and its outcome so universally unsatisfactory 
But if The Concept cannot be tightly defined, 
the concepts can certainly be described and 
discussed with profit It is very instructive to 
look at putative similarities among concepts 
and see what problems emerge, it is probably 
even more instructive to examine some of the 
important differences, because the richer story 
lies there Concepts are usually regarded as 
the fabric of mental life It is not surprising, 
after all, to learn that the former is as com- 
plex and baffling a notion as the latter, and 
just as resistant to easy characterization 

Similarities among Concepts 

Concepts as Equivalence Responses. One 
of the most serious contenders for the status 
of common attribute here is the notion of 
equivalence response The argument is that 
all concepts imply similar or identical reac- 
tions to different environmental inputs Rea- 
dier actually goes so far as to define concepts 
entirely in terms of “a common response to 
dissimilar stimuli” (1961, p 447) This view 
of the nature of concepts leads to further as- 
sertations of considerable importance. For one 
thing, it explicitly locates concepts in orga- 

983 



984 JOHN H FLAVELL 


nisms rather than in their external milieus 
Carroll (1964) has observed that there could 
be no concepts in a totally inorganic woild 
because they are ‘properties of oigamsmic 
experience” (p 180) In addition, this view 
indicates a semantic connection between “con- 
cept” and such terms as “class,” “category,” 
and “set,” inasmuch as the latter also imply, 
psychologically speaking, an act of colligation 
or drawing-together of dispaiate elements for 
response purposes Furthermore, it is always 
assumed that the oigamsm has an organized 
network of such equivalence responses, and 
this implies disci lmmation as well as generali- 
zation That is, the individual makes one re- 
sponse to one set of inputs, a different lesponse 
to a second set, and so on 

The concept lepertoire selves m this way 
to carve up oi “chunk” the organism's entire 
woild into functional units, yielding a com- 
plete mapping of responses into stimulus sets 
for the length and breadth of the psychologi- 
cal environment Harvey, Hunt, and Schroder 
well describe, in the case of human organisms, 
this structuring-of-the-world function of con- 
cepts 

We assume that an individual interacts 
with his environment by breaking it down 
and organizing it into meaningful patterns 
congruent with his own needs and psycho- 
logical make-up As a result of this inter- 
change, perceptual and behavioral constancies 
develop, which stem from the individuals 
standardized evaluative predilections toward 
differentiated aspects of his external world 
We will refer to such evaluation tendencies 
as concepts A concept is a system of 
ordering that serves as the mediating linkage 
between the input side (stimuli) and the 
output side (response) In operating as a sys- 
tem of ordeung, a concept may be viewed as 
a categorical schema, an intervening medium, 
oi program through which impinging stimuli 
aie coded, passed, or evaluated on their way 
to response evocation (1961, p 1) 

And furthei 

Once a concept develops, it serves as an 
experiential filter through which impinging 
events are screened, gauged, and evaluated, 
a process that determines m laige part what 
responses can and will occur (pp, 2-3) 


Difficulties in identifying concepts with 
equivalence responses Theie appear to be 
two problems m defining concepts as equiva- 
lence responses First, it is uncertain whethei 
all concepts hteially entail equivalence re- 
sponses and, more geneially, whether a de- 
scription in terms of “equivalence” and “le- 
sponse” always gets to the heart of what is 
really involved m concept making and concept 
usmg Second, it is similaily questionable 
whether all reactions which are indisputably 
equivalence responses are equally indisput- 
ably concepts 

For the first, the following statements seem 
to be true of at least some puma facie con- 
cepts ( 1 ) the concept need not be acquired 
at all, (2) if acquired, it need not be ac- 
quired through a process of successive com- 
mon respondmg to the diffeient relevant ob- 
jects, (3) there may m fact be only one such 
object to which the concept can apply, and 
hence the “equivalence” part of the charac- 
terization is not literally applicable 

1 A given organism may be genetically 
programmed to respond m a certain way to a 
specific set of mputs There would be some 
discomfort, however, m asserting that it does 
not possess this “concept” pnor to actually 
making the response acioss the stimulus set 
m question, that is, the assertion that die con- 
cept is the equivalence lesponse seems foiced 

2 I may acqune a given concept without 
constructing it from successive contacts with 
the relevant instances I may, for example, 
attain an impeccable concept of “centaur” 
without ever “lespondmg” to a set of pictures 
of centaurs, and would certainly have to do 
so without contact with instances of the real 
article Again, an identification of concept and 
actual lesponses to concept instances seems 
unwarranted 

3 When the fust wheel (or automobile, or 
digital computer, ) was built, there was 
by definition only one concept instance, there 
was and always will be but one exemplai of 
constructs like “Minoan Civilization ” Some 
will lecoil befoie the piospect of saying that 
the mventor of the wheel could not have a 
concept of one until a second was built, or 
that “Minoan Civilization” simply can never 
be a concept because it has no plural 

It is not argued that the notion of equiva- 
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lence response cannot be made to apply m 
such cases, especially if it is liberalized to in- 
clude response “dispositions” and “potential” 
equivalences The animal, of course, could 
and certainly would make its innate response 
to the relevant stimulus set, given the oppoi- 
tumty, my concept of “cen taui” would pre- 
sumably allow me to “respond appropriately,” 
should I chance to encounter such a creature, 
and the specialist could doubtless identify 
new instances of that ancient civilization as 
such, were these instances somehow to be 
created for him The point is rather an un- 
certainty of how fai the notion brings us in 
understanding how people, m particular de- 
velop and utilize concepts That they can and 
do use them to Older and collectivize real sen- 
sory input is undeniable The question is to 
what extent they do other, perhaps moie im- 
portant, things with and to their stoie of con- 
cepts, especially in the absence of any sen- 
sory input legardmg concept instances 
The second difficulty with the criterion of 
equivalence response is that it buys us some 
“concepts” we may not want to pay foi I le- 
spond to all members of one diverse class of 
stimuli by sneezing, any membei of anothei 
group of inputs makes me drowsy Certain 
fish leact by fighting all and only those in- 
truders into its territory who bear ceitam 
markmgs Indeed, even plants make what are 
essentially invaiiant responses to vanant in- 
puts These and many other humble reactions 
appear to fit the definition of equivalence re- 
sponse, but most people would be loathe to 
apply the designation “concept” to them Ac- 
tually, it is difficult to avoid the conclusion 
that equivalence responses are intimately in- 
volved in adaptational patterns at all biolog- 
ical levels, and that identifying concepts with 
such responses virtually makes them synony- 
mous with biological adaptation itself To 
paraphrase Carroll, perhaps there could be no 
organic life without equivalence responses, as 
well as no concepts without oigamsms 

The only escape fiom this difficulty would 
be to lestrict further the definition of a con- 
cept by adding new cntenal atnbutes Con- 
cepts would then be construed as but one 
species of equivalence response, a species 
whose special pioperties sharply distinguish 
it from other, nonconceptual equivalence le- 
sponses But what might these special prop- 
eities be? The writei, for one, has been un- 


able to find any satisfactory conjunction or 
disjunction of additional attnbutes that would 
delimit the class m an intuitively satisfying 
way 

One can, of course, always impose arbitrary 
cuteria for one purpose or another — simply 
to constrain the behavioral domain one wants 
to investigate, for mstance Thus Hunt (1962) 
excludes all mfrahuman equivalence responses 
from his definition of a concept for just this 
reason What seems to be lacking so far is a 
principled distinction, one that suggests fun- 
damental differences m process and mecha- 
nism between those equivalence lesponses we 
wish to call “conceptual” and all othei kinds 
While such a distinction may emeige when 
we learn moie about these processes and 
mechanisms, none seems available at present 

Functional Similarities among Concepts It 
is plain, then, that all problems m th§ con- 
ceptualization of concepts are not lesolved by 
appeals to the notion of equivalence response 
At the same time, there is obviously some- 
thing of value in lookmg at concepts from this 
point of view Concepts do seive to partition 
the subject's woild into functional units, as 
nearly eveiyone has suggested Moieovei, in- 
terpreting concepts as equivalence lesponses 
leads to some plausible guesses about then 
adaptational values, about what they accom- 
plish foi the oiganism, That is, the selection 
of equivalence response as a formal similarity 
facihtates the identification of some likely 
functional similarities as well 

Bruner, Goodnow, and Austin (1956) have 
described seveial properties of this kind First 
and foremost, concepts have the absolutely 
essential function of reducing the complexity 
of sensory input to manageable proportions 
As they put it, “categorization serves to cut 
down the diversity of objects and events that 
must be dealt with uniquely by an organism 
of limited capacities” (p 245) This simpli- 
fication function has impoitant consequences 
For one thing, it allows the organism a viable 
economy of time and effort m dealing with 
the world Old and new inputs alike usually 
can be quickly identified and appropriately 
reacted to by virtue of being assimilable to 
existing concepts Foi another, it leads to the 
possibility of a highly adaptive anticipation 
of futuie events from present events To know 
that a perceived object is an instance of a 
particular class is to know a great deal else 
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that is not immediately perceptible it is to 
know virtually all that it could do to you or 
you to it, because this information is implied 
in its class membership 

It is this future-onented aspect of catego- 
rizing behavior in all organisms that impi esses 
us most It is not simply that organisms code 
the events of their environment into equiva- 
lence classes, but that they utilize cues for 
doing so that allow an opportunity for pnoi 
adjustment to the event identified (Bruner, 
Goodnow, and Austin, 1956, p 14) 

We regard a concept as a network of 
sign-sigruficate mferences by which one goes 
beyond a set of observed cntenal properties 
exhibited by an object or event to the class 
identity of the object or event in question, 
and then to additional inferences about other 
unobserved properties of the object or event 
(ibid, p 244) 

In sum, concepts perform a dual service 
(1) they identify and classify input informa- 
tion, (2) they make it possible for the orga- 
nism to “go beyond the information given” m 
all manner of adaptive ways As Klausmeier 
etal (1965) state 

Concepts serve two mam functions in hu- 
man behavior as responses to objects and 
events by which they are classified and cate- 
gorized, and as mediators between stimulating 
events a,nd subsequent behavior (p 5) 

Conceptual Systems There is one further 
property which surely characterizes all “high- 
er-order” equivalence responses — at least, 
that is, all responses everyone would be com- 
fortable m calling “concepts” the contents 
of the individual's conceptual repertoire are 
complexly interrelated to form conceptual 
systems The defining attributes of one con- 
cept will themselves consist of other concepts, 
and that concept will in turn assist in the def- 
inition of still others The easiest way to gam 
a sense of the extreme interconnectedness of 
concepts is to thumb through a dictionary 
Most dictionary entries refer to concepts, and 
these concepts are of course always defined 
m terms of other concepts Moreover, con- 
cepts make important mental liaisons with 
others which do not form then definitional 


base, as every student of word association 
processes knows In general, about the most 
certain prediction one can make regarding 
the psychological activation of any concept is 
that numerous others will be immediately ac- 
tivated m consequence It is the fact that con- 
cepts are functionally interlocked to form 
complex systems, which gives the temporal 
flow of most thinking its smooth, continuous, 
and effortless quality 

The argument was made earlier that an 
equivalence-response characterization of con- 
cepts fails to convey all that we sense to be 
important about them One thing it fails to 
convey is this extraordinary interdependence 
among concepts Not only does the subject 
map sensory inputs into concepts, he also goes 
on to relate these concepts to numerous others 
All things considered, it is not surprising that 
Harvey, Hunt, and Schroder (1961) could 
wnte an entire book about conceptual sys- 
tems 

Differences among Concepts 

The diversity found m the realm of con- 
cepts is of two, roughly distinguishable sorts 
First, there is variation associated with con- 
cepts taken m their public, consensually valid 
aspect Although concepts are fundamentally 
private, cognitive phenomena, they of course 
can be and are externalized as social objects, 
and agreement can often be reached as to 
what their exact, “correct” meaning should 
be Susanne Langer had this public and ex- 
ternal face of the concept in mind when she 
defined it as “that which all adequate con- 
ceptions [i e , private and internal conceptual 
acts] of an object have in common” (1948, 
p 58, our italics and insertion) In other 
words, it is possible to look upon concepts as 
detached, ideal entities, unrelated to any in- 
dividual's living cognitive experiences, and to 
discern a number of dimensions on which 
these entities vary 

In addition to this variation m the nature 
of concepts taken per se, there are also differ- 
ences m their relation to the individuals who 
use them Knowing that a given concept, as a 
public entity, has certain attributes does not 
tell me what it means to you, how you repre- 
sent it to youiself, how and under what con- 
ditions you can access and utilize it — m short, 
its role and status in your cognitive life. Just 
as concepts differ among themselves, so also 
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do individuals differ in the way they appie- 
hend, use, and otherwise “relate to” any given 
concept Since this chaptei is concerned with 
concept development , variations m the sub- 
ject-concept relation among different individ- 
uals (younger versus older childien) is of 
considerable interest 

Variation m Concepts One of the best 
available treatments of how concepts differ 
is given in Klausmeier et al (1965), the 
classification given below is derived in 
part from their analysis It will become ap- 
parent that the dimensions proposed are not 
the only ones possible, nor are they entirely 
independent from one another, they do, how- 
ever, collectively give a fair image of the 
heterogeneity of concepts 

1 Attributes An object of peiception or 
thought constitutes an instance of a well-de- 
fined concept if and only if it possesses the 
set of attributes given in the definition of that 
concept Instances of the concept will mvan- 
ably possess other, nondefining attnbutes as 
well Some of these will charactenze all the 
instances, just as the defining attnbutes do, 
others will characterize a gieatei oi lessei 
portion, that is, they will be coi related at 
some level with the presence of an instance 
For example, all mammals have hair and 
bones, and most are terrestrial, yet only the 
first of these three attributes is “cntenal” for 
that class of animal Noncntenal as well as 
cntenal properties serve as cues for categonz- 
mg objects, however I may be too fai away 
fiom an animal to see whether it has hail oi 
not, but I can still make an educated guess 
that it is a mammal from other, noncntenal 
cues (such as the region I am m, the animal's 
general shape and size, and the fact that I 
see it moving along the ground) 

The attnbutes, cntenal and noncntenal, 
associated with instance identification and 
concept use are a most heterogeneous lot 
Literally anything that human beings are able 
to perceive or intellectually construct can 
serve as a conceptual attnbute (lecall the 
earlier remark that concepts have other con- 
cepts as their defining properties ) An attribute 
may, for example, be some peiceptible oi 
measurable physical property of the instance, 
such as its color, texture, and composition 
These are pioperties that geneially come to 
mind in thinking about the cntenal attnbutes 
of concept instances But there are other at- 


tributes, mcieasingly less conciete, immedi- 
ate, palpable, and "mtnnsic” (Klausmeier et 
al , 1965, p 4) than these familial piototypes 
A large and ill-bounded gioup of attnbutes 
lefeis to function and activity lathei than 
structure, to potentiality i athei than actuality 
Objects aie not only "led,” “smooth,” “tall,” 
etc, but also “edible,” “combustible,” “solu- 
ble,” and the like We categonze objects not 
only in teims of then immediate, static piop- 
eities but also m teims of nonimmediate, 
"transformational” ones what the object could 
do oi become under certain cucumstances, 
what we could do to oi with it undei ceitam 
cucumstances 

There aie othei concept-defining attributes 
which “inhere” still less in the concept's in- 
stances Caieful examination of an object in 
isolation will permit the conclusion that it is 
“round,” and even that it is “combustible,” 
but no such analysis could serve to establish 
that it is a “nephew,” a "logical conclusion,” 
or a “best sellei ” The defining properties of 
manv intei estmg concepts aie less “attnbutes” 
in the liteial sense than they aie assertions 
legal ding the lole and status of then instances 
within some system of intei i elated objects 
One may have to know a whole complex of 
histoncal and cuirent mfoimation about the 
object and its conceptual environment m ol- 
der to determine that it is a member of cei- 
tam types of class As Jenkms has put it, cer- 
tain concepts aie best descnbed as “constructs 
in geneial systems of relationships” (1966, 
P 68) 

2 Structure The meaning of a concept 
includes not only its set of cntenal attributes 
but also an assertion about how these attn- 
butes must be intei related oi combined in 
the concept definition Brunei, Goodnow, and 
Austin (1956) have distinguished three types 
of combination — conjunctive , disjunctive , and 
relational If two piopeities must both be 
piesent for the object to constitute an in- 
stance of the concept, the definitional struc- 
ture is conjunctive (eg, a “bachelor” must 
be both male and unmarried) If the piesence 
of either attribute suffices, it is disjunctive 
(eg, either extreme social withdrawal or 
delusional thinking may win you the diagno- 
sis of “schizophrenic”) If the relationship 
between the attributes must be of a certain 
kind, the structure is relational (eg, "equi- 
lateral triangle” refers only to those triangles 
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whose sides are equal) Any one or combina- 
tion of these three types of attribute pattern 
may obtain for a given concept 

The nature and complexity of concept 
structuie vanes a great deal from concept to 
concept The conjunction of but two attri- 
butes suffices to define “bachelor” In con- 
trast, the definitional structure of the legal 
concept “tort” is something like this (Carroll, 
1964) (A + B + C + D + E + F+G + H) 
(1 + J) ( K ) (- L) (- M) ( - N) (- O), where 
the letters refer to attributes (each one itself 
a structurally complex concept, be it noted), 
the plus sign to disjunction, the parentheses 
to conjunction, and the minus sign to absence 
of In the same notation, “bachelor” would 
be described as (A) (B) 

Notice that disjunction, m contrast to con- 
junction and relation, serves to unite what 
may be very different objects under the same 
conceptual roof A batter can fail to get on 
base (be categorized as “out”) m quite a 
variety of ways We all aie accustomed to 
thinking of concept instances as possessing 
“common attributes ” It became evident m 
the preceding section, however, that the ele- 
ments of a concept’s definition are often “at- 
tributes” only m the loosest sense And in the 
case of disjunction concepts, the modifier 
“common” is equally inexact and misleading 

3. Abstractness A concept is said to be 
“concrete” to the extent that its mstances are 
tangible objects, and “abstract” to the extent 
that they are not Thus “dog” and “telephone” 
would be categorized as concrete concepts, 
whereas “eternity” and “democracy” are ab- 
stract ones The view that concepts are made 
up of other concepts is nowhere more evident 
than m the case of such abstract entities, 
their components are entirely conceptual — 
attributes, instances, and all 

4, Inclusiveness Concepts vary m the 
number of instances they include A concept 
may have no instances (“Sumerian jet 
pilots”), a small number (“North American 
countries”), a laige number (“grains of 
sand”), or an infinite number (“integers”) 

5 Generality Concepts also vary m their 
position m the classification hierarchy to 
which they belong, the higher they are m 
the taxonomic tree, the more general they 
are By this definition, “mountain gorilla” 
would constitute a very specific concept, 


“mammal” a more general one, and “organ- 
ism” a very general one 

6 Precision A concept is “precise” to the 
extent that our piesent knowledge would al- 
low us to agree upon an explicit and work- 
able set of rules for distinguishing mstances 
from noninstances Some concepts are ex- 
tiemely piecise by this standard, for example, 
“bachelor” and “equilateral triangle ” Others, 
like “masterpiece,” “schizophrenic,” and 
“grammatical English sentence,” are, by the 
same token, quite impiecise Most woikaday 
concepts fall somewhere m between, and are 
often less precise than one would have 
thought (try writing an effective set of identi- 
fication rules for “tree” contrasted with 
“bush”) 

The fact that one cannot formulate an ex- 
plicit set of identification lules for a given 
concept does not necessarily mean that the 
users of the concept cannot identify instances 
with fair precision and consistency, that is, 
our inability to explicate these rules does not 
mean that they are not somehow lepresented, 
in an inarticulate and implicit form, m the 
subject’s psychological structure A native 
speaker of English can quickly and effoidessly 
sort most strings of words mto the two classes 
of grammatical/acceptable versus ungram- 
matical/unacceptable English sentences, but 
linguistic science cannot yet adequately for- 
mulate the rule system he is implicitly using 
when he does so (eg, Chomsky, 1965) As 
a matter of fact, many of the most engaging 
research problems m the life sciences have to 
do with explicating some organism’s “con- 
cepts” — with understanding the implicit rules 
that govern its invariant reactions to variant 
inputs 

7 Power A concept is “poweiful” if it 
satisfies two conditions (a) most people 
would agree that the concept is, for some 
reason, an important and central one, ( b ) its 
attainment makes possible or facilitates the 
attainment of a number of other important 
concepts Metaphors like “key,” “corner- 
stone,” and “building block” come to mind m 
connection with concepts of this sort, because 
of their special location and role within sys- 
tems of intei connected concepts This dimen- 
sion is of particular interest to developmental 
psychologists and educators, since it has to 
do with concept acquisition The child ac- 
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quires a multitude of concepts as he grows, 
but not all of them point beyond themselves 
to important further acquisitions While the 
attainment of a concept like “cat” may not 
be wholly without significance for the child's 
overall intellectual growth, it scarcely has the 
formative, development-impelling power of 
“permanent object” 01 “measurement unit” 
It is such powerful concepts whose attain- 
ment the developmentahst wants to under- 
stand and the educator to foster 

Variation m the Subject-Concept Relation 

1 Validity. Although a given concept may 
have a relatively constant and fixed public 
meaning, it is obvious that individuals may 
differ widely m their private conceptions of 
it There are two major variations here First, 
the subject's operating interpretation of the 
concept may deviate from the accepted in- 
terpretation on any of a number of dimen- 
sions His category may be narrower than 
the standard, or broader, or some distortion 
of it (for instance, what might be termed a 
“partial concept” or a “pre-concept”) The 
concept has one more or less definite meaning 
and individuals have various different ap- 
proximations of that meaning On the other 
hand, the individuals concept may deviate 
from the standard in that its meaning is less 
definite and fixed than that of the standard 
Thus not only may it differ m meaning from 
the standard, it may also differ m meaning 
for the individual himself from occasion to 
occasion 

Both types of departure from validity can 
be noted in the ontogenetic acquisition of 
concepts (and also, of course, in the “micro- 
genesis” of much adult new learning) For 
instance, Piagets studies indicate that the 
young child's concept of, say, quantity tends 
at once to be different from and more un- 
stable than the adult prototype Quantity is 
likely to have a unidimensional rather than 
tridimensional meaning for the child (“more” 
means “taller” only, or “wider” only), and it 
may also refer to one dimension (eg, height) 
in certain situations and another dimension 
(eg, width) in other situations An under- 
standing of how certain powerful concepts 
stabilize and converge on their public proto- 
types during childhood is a majoi objective m 
the study of concept development 


2 Status . It is ambiguous simply to say 
that someone “has” a certain concept, because 
concepts can be “had” in rather diffeient 
ways In particular, the concept may have 
only the status of a vehicle or instrument of 
adaptation, or it may also have in varying 
measure the status of a well-articulated and 
fully coded object of thought An individual 
could not be said to have a concept if he 
could not m some sense think with it, he 
might well be said to have it, however, even 
though he could not m the slightest degree 
think about it Thus the concept-user might 
have no name for or awareness of a given 
concept, or he might know its name without 
being able to characterize it fuither, or he 
might be a highly articulate authority on its 
full and exact meaning, its implications for 
all manner of things, and its place in whole 
systems of related concepts Concept as cog- 
nitive object and concept as cognitive instru- 
ment are imperfectly correlated within indi- 
viduals if one has the former one is rather 
likely to have the latter, but the converse is 
hardly true — remember the earlier example, 
“grammatical English sentence ” Children es- 
pecially are very likely to “have” — that is, 
indisputably operate m terms of — concepts 
which they cannot name, let alone define and 
discuss 

3. Accessibility The old distinction be- 
tween learning and performance applies to 
concept usage an individual may have ac- 
quired a concept (of whatever validity and 
status) and yet, for any of a variety of rea- 
sons, be unable to gam access to and use it 
on some given appropriate occasion The dis- 
tinction is between what one knows — tune- 
lessly, as it were — and what one can do m 
this or that immediate situation The hiatus 
between learning and performance can vary 
across individuals for the same concept and 
also within an individual across concepts 

In summary, the subject-concept relation 
may vary in at least the following three ways 

(a) the nature and degree of resemblance 
between the subject's private conception and 
the public, “standard” concept (validity), 

( b ) the extent to which the concept can 
function as intellectual object as well as intel- 
lectual instrument (status), (c) the extent 
to which the concept is available for use on 
appropriate occasions (accessibility) Onto- 
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genetic changes m validity have traditionally 
received the greatest lesearch emphasis, but 
a full account of conceptual development 
ought to encompass changes in status and 
accessibility as well In addition to being of 
intrinsic intei est, the fact of these lattei 
changes has implications foi the assessment 
of validity In trying to establish that a child 
has just recently acquned a certain concept 
(m final, adult form or m any maie pnmitive 
form — the point is the same) , the mvestigatoi 
may have to negotiate, as obstacles to his as- 
sessment attempts, the fact that the child 
may be utterly inarticulate about his concept 
and that he may also have tiouble bunging it 
into active service m all but the most obvious 
and compelling situations It is important to 
find out when the child fiist has a given con- 
cept “in some sense ” But when a concept 
is newly minted and fleshly attained, it is 
likely to be unformulated, precariously utihz- 
able, and therefore difficult to diagnose (Fla- 
vell and Wohlwill, 1969) 

CONCEPT DEVELOPMENT 

The research literature on concept develop- 
ment has grown so large that no chapter- 
length survey can cover it fully We therefoie 
set priorities foi which studies to highlight, 
which to cite briefly, and which to exclude 
altogether It will become apparent that some 
studies have been excluded from this chapter 
because, although relevant to concept de- 
velopment, they are better treated elsewhere 
m this book For the remainder, the writer's 
biases have led him to emphasize investiga- 
tions of the following kinds 

1 The investigation attempts to track some 
substantial and endunng developmental mod- 
ification in the child's conceptual program 
Not all studies involving concepts and using 
children as subjects do this, Many concept- 
formation oi concept-learning experiments, 
for example, seem to measure the child's abil- 
ity to utilize some concept he has already at- 
tained rather than assess his level of concep- 
tual development Although such experiments 
can certainly illuminate the learning and 
problem-solving abilities of children at vari- 
ous ages, their contribution to our under- 
standing of concept development itself is 
often less apparent 


2 The concept under study has some 
pnma facie impoitance as a cognitive acqui- 
sition It may have considerable “powei” as 
an adaptational tool or as a developmental 
formative (see previous section) Or it may 
appeal to be a cognitive-developmental ‘uni- 
versal, " that is, a concept that is piobably 
acquned by all normal children m all socie- 
ties 

3 The reseaich gives evidence legardmg 
some unexpected or suipiismg acquisition It 
may never have occuned to us, perhaps, that 
the concept studied exists as an active, if 
implicit, component of the adult cognitive 
system Oi peihaps, knowing this, we are sur- 
pused to learn that the concept needs acquir- 
ing at all, that is, that young children typi- 
cally do not possess it Piaget's studies of the 
attainment of conservation concepts are ex- 
amples of what is meant here 

4 The study sheds some light on the all- 
important problem of how the child makes 
cognitive progress, that is, concerning the 
mechanisms or processes underlying develop- 
mental movement We know very little about 
the mechanisms of development at piesent, 
and any investigation that even touches on 
the problem has an immediate claim on our 
attention 

5 The study contributes something to a 
unified and integrated picture of conceptual 
development, in which various acquisitions 
aie seen as functionally and temporally intei - 
connected The study may show, for example, 
how some concept slowly evolves through a 
succession of preliminary veisions or precon- 
cepts Or it may illustrate how certain attain- 
ments pave the way for later ones, which 
then play the same developmental role for 
still others Or it may show how a certain 
concept, once achieved, enteis into the con- 
struction of a whole an ay of disparate-look- 
ing attainments In all such cases, the evi- 
dence presented reduces our sense of the 
heterogeneity of development by relating one 
acquisition to another, within and across time 
periods 

6 Implicit m most of the preceding points, 
the investigation was cast within or can be 
related after the fact to some existing de- 
velopmental theoiy or pietheory The study 
can thereby find its place within a laiger 
body of research evidence dealing with the 
same theory and its data can be given a fuller 
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and more coherent interpretation Nowhere 
do facts without theory stand m lonelier iso- 
lation than m the area of concept develop- 
ment 

If the reader mterpiets this discussion as 
meaning that he is m for a chaptei featuiing 
research m the Piagetian mode, he is of 
course right Other recent reviews of concep- 
tual development (Sigel, 1964, Wallach, 
1963) have done the same thing, doubtlessly 
for the same reason The reason is simply 
that, in this decade, there is leally no other 
choice Piaget-related studies comprise a large 
proportion of the existing publications on con- 
cept development, and a still largei propor- 
tion of the interesting ones (by the criteria 
just given — or by any other reasonable cri- 
teria) Furthermore, his is the only compre- 
hensive and detailed theoretical system pres- 
ently available in this area This system has 
generated all manner of empirical findings to 
replicate and extend, specific hypotheses to 
test, and general issues concerning the natuie 
of development to pondei and to tianslate 
into researchable problems A contemporary 
survey of conceptual development lesearch 
without a Piagetian emphasis would reflect 
not merely coolness and disinterest but an 
outright and peevish animus against his ap- 
proach Whatever may have been true m the 
past, few psychologists bear any such animus 
today 

For those who wish to pursue the subject 
of concept development more deeply than 
we do here, there are several useful sources 
Piaget has recently written good summaries 
of his own work, in this book and elsewheie 
(Piaget and Inhelder, 1963, 1966) Other 
surveys and evaluations of Piagetian theory, 
research, or both include those by Baldwin 
(1967), Elkmd and Flavell (1969), Fla- 
vell (1963a, 1963b), Hunt (1961, 1963), 
Inhelder (1962), Lovell (1962), Lunzer 
(1959, 1960a), Sigel (1964), Sigel and 
Hooper (1968), Wallace (1965), Wallach 
(1963), and Wohlwill (1962, 1963, 1966a), 
Wallace's book m particular — piobably not 
well known m the United States — provides 
excellent coverage of non-Genevan research 
on Piaget's theory up to 1963 or so There 
have also been two published conferences 
devoted to his approach (Kessen and Kuhl- 
man, 1962, Ripple and Rockcastle, 1964), 


Sigel's review (1964) also describes no n- 
Piagetian research on concept development, 
as do eailzer surveys by Russell (1956), 
Vmacke (1952), and Wemer (1948) 


NORMATIVE-DESCRIPTIVE 
STUDIES OF CONCEPT 
DEVELOPMENT 

THE LOGICAL AND MATHEMATICAL 
WORLD 

Classes 

In the fiist section of this chaptei, it was 
asserted that the relationship between an in- 
dividual and a concept may vary along the 
three dimensions of validity , status, and ac- 
cessibility , and that this variation is partly a 
function of the individual's developmental 
level Since “concept” and “class” are so 
closely i elated in meaning, these dimensions 
are especially pertinent to the present topic 
We shall begin, then, by rephiasmg aspects 
of these earlier remarks as they apply to a 
developmental analysis of classification be- 
havior 

The entities called “classes” have a dual 
status in human cognition One the one hand, 
they are usually regarded as essential mgied- 
lents of the thinking process itself Particular 
classes are constantly being retrieved or con- 
structed by the individual and pressed into 
service as conceptual vehicles or instilments 
On the othei hand, classes can also constitute 
abstract objects of thought, The individual 
may, m addition to utilizing particular classes 
m his eveiyday thinking, have explicit or 
implicit knowledge of the logical pi operties 
of classes and classification systems m gen- 
eral The distinction heie is between classes 
considered as cognitive tools and classes taken 
as the elements of a subject matter or body 
of knowledge — between the classes the sub- 
ject knows and what he knows about classes, 

Moieovei, the classes available to the sub- 
ject and the manner in which he can utilize 
them m thinking must depend, among other 
things, upon his grasp of the basic nature of 
classes and then intei relations For mstance, 
his ability really to understand and reason 
about the assertion that the object before him 
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is at one and the same time a beagle, a dog, 
a mammal, and a living organism must de- 
pend m part upon his tacit understanding of 
how logical classes — these or any others — 
may interrelate in hierarchical systems Of 
course, what the individual knows about 
classes-m-general — his “metaconceptual” 
knowledge, as it were — will not be the only 
determinant of the categories he favors or his 
favored use of them A disposition toward 
concrete, loosely organized categories m a 
young child is not explainable solely on the 
basis of an inadequate grasp of classificatory 
logic On the other hand, advances m his un- 
derstanding of the abstiact properties of class 
systems will surely be one of the necessary 
conditions for the latei formation and skillful 
utilization of higher-level categones 

If one turns to the developmental Iiteia- 
ture, it immediately becomes apparent that 
there is virtually no study m any aiea of con- 
ceptual giowth that could not be constiued as 
relevant to the development of classes-qua- 
mtellectual-mstrument (Wallace, 1965, p 
178) The child obviously classifies and cate- 
gorizes phenomena within each of the con- 
ceptual domains tieated m this chapter — 
number, space, causality, etc — and the na- 
ture and manner of utilization of these cate- 
gories change with age For instance, the 
assertion that animistic thinking deci eases 
with age can be paraphrased as the assertion 
that the child’s implicit definitions of the 
classes “living” and “not living” undergo de- 
velopmental alteration There aie some things 
to be learned about the development of the 
class-as-Histrument aspect of the subject-class 
relation from the literature conventionally as- 
sociated with this topic, for example, dealing 
with children's behavior on sorting tasks, but 
the intimate relation between “class” and 
“concept” should warn the reader to look 
beyond this literature (and this chapter sec- 
tion) for the fuller picture As foi the classes- 
qua-intellectual-object aspect, the pertinent 
studies are somewhat easier to demarcate 
This area has been the particular piovmce of 
the Genevan gioup, although there is also a 
good deal of non-Genevan research which 
bears on it directly or indirectly For other 
treatments of the classification-development 
literature, see Vmacke (1952), Wallace 
(1965), and particularly Kofsky (1963) 

The Beginnings of Classificatory Activity. 


When does the child begin to classify objects 
and events? Our earlier difficulties in defining 
“concept” versus “equivalence response” sug- 
gest that there can be no unambiguous an- 
swer to the question If classification behavior 
is taken to include similar behavioral reactions 
to nonidentical inputs, then it is apparent that 
the very young infant is continually engaging 
in it As Inhelder and Piaget (1964, p 13) 
have noted, much of the infant’s everyday 
activity looks analogous to what m the older 
child would unequivocally be called classify- 
ing (eg, assimilation of diverse objects to a 
common sensory-motor schema) There is also 
evidence that the very young child tends to 
group related oi associated items m his recall 
Although most developmental studies of asso- 
ciative clustering indicate that it increases 
with age,y( Austin, Gekoski, and Zivian, 1965; 
Bousfield, Esteison, and Whitmarsh, 1958, 
Rossi, 1964, Rossi and Rossi, 1965), even 
2-year-olds show a significant amount of it 
(Rossi and Rossi, 1965) 

One might piefer instead to set as the be- 
ginnings of classificatory activity the age at 
which the child starts manually to group to- 
gether similar or related objects Although 
this cntenon is no less aibitiary than any 
other, it has the advantage of lefening to 
overt, observable behavioi, and behavioi 
closely resemblmg what has traditionally been 
accepted as an expression of classification 
skills, namely, what an individual does m an 
object-sorting task Stott (1961) reports a 
spontaneous instance of such grouping in his 
15-month-old son He observed the boy sys- 
tematically gathering togethei all the led 
bracks from a multicolored assortment, despite 
the fact that they were scatteied randomly 
among the other bucks and therefoie not 
always the easiest to reach One would think 
that evidence on infant sorting behavior could 
emerge only from chance observations of 
spontaneous behavioi, such as Stott’s How- 
ever, Ricciuti (1965, Ricciuti and Johnson, 
1965) has devised an ingenious procedure 
foi eliciting it under laboratory conditions 
Eight objects are spread randomly before 
the child, four of one class (eg, stringing 
beads) and four of another (eg, clay balls) 
The instructions are simply “See these* 5 — You 
play with them — You fix them all up ” Ric- 
ciuti (1965) has tested mfants as young as 
12 months of age with this procedure, and 
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finds that some of them respond with such 
classificationlike behavior as serially touch- 
ing, manipulating, or putting to one side all 
the members of one of the object classes 
(and, more rarely, both of the object classes) 
It is clear, then, that classificatory activity, 
whether broadly or narrowly defined, is m 
evidence during the period of mfancy As 
such, one must agree with Inhelder and 
Piaget (1964) and Ricciuti (1965) that its 
origins, at least, are not dependent upon the 
linguistic abilities so often associated with 
the notion of classification 

Classes in Isolation As would be expected, 
the great majority of studies m this area deal 
with postmfancy development Following 
Kofsky (1963), we shall review the evidence 
under two headings This section discusses 
the child’s behavior vis-&-vis any given class 
taken m isolation, for instance, the structure 
of the class he forms as a result of grouping 
certain objects together The next section 
will deal with developmental changes m his 
grasp of the interactions and interrelations 
among classes, for example, his understand- 
ing of the rules governing class mclusion 
within a class hieiarchy 
Ricciuti’s data (1965) provide a good 
point of departure for the evidence regard- 
ing isolated classes From the standpoint of 
logical classification, the behavior of his 
young Ss was impeccable there were two 
readily discrimmable classes of objects, each 
with its own set of common perceptual attri- 
butes, and some of these children moved all 
(and only) the membeis of the one class 
away from the members of the other If you 
gave the average adult the same objects and 
asked him to sort them, he would certainly 
have made the same division Ricciuti subse- 
quently retested some of his 20-month-old Ss 
when they were 40 months of age (Ricciuti 
and Johnson, 1965) Not surprisingly, the 
frequency of this logical-looking behavior had 
increased What was surprising, however, was 
that these children also showed a grouping 
activity which had been largely absent 20 
months earlier and which was distinctly illogi- 
cal, from a stuctly classificatory point of view 
They would, for instance, form two aggre- 
gates, each containing two objects from each 
class, moreover, the objects within each ag- 
gregate weie brought close together to form 
what looked suspiciously like a 3-year-old’s 


version of an interesting design or pattern 
Ricciuti and Johnson argue quite plausibly 
that these patterns reflect intellectual prog- 
ress The 40-month-old can group objects to- 
gether on the basis of both common attributes 
and their joint contributions to pleasing spa- 
tial configuration, the 20-month-old can only 
group by common attribute, a more purely 
classificatory activity The fact remams that 
these 3-year-olds do show a form of behavior 
in a classification settmg which adults rarely 
show An examination of the literature further 
suggests that this particular form is but one 
of a number of dispositions or tendencies at 
the level of the isolated class which exhibit 
developmental modification The existence of 
these various developmental changes is easy 
to document, as will be shown Their mter- 
pietation remains somewhat obscure, how- 
ever 

Olver and Hornsby (Bruner, Olver, and 
Greenfield, 1966, Chap 3) argue that an 
individual’s classification of a set of objects 
exhibits both "semantic” and "syntactic” fea- 
tures, and that both undeigo developmental 
change The semantics of classification refers 
to the features of objects and events which 
form the basis for linking them together m a 
common group, for example, their perceptual 
or functional properties The syntax of classifi- 
cation refeis to the formal structuie of the 
class thus constructed, for example, whethei oi 
not all of the class members share a common 
attribute Developmental changes m the syn- 
tactic aspects — the "rules for grouping” as 
Kofsky (1963, p 6) has called them — are the 
more interesting ones and will be described 
first 

The chapter by Olver and Hornsby just 
cited reports two studies of classification de- 
velopment Since most of the major features 
of children’s classificatory syntax reported 
elsewhere in the literature were also ob- 
served by these experimenters, their studies 
will be taken as the framework within which 
we discuss these featuies Olver’s procedure 
(see also Bruner and Olver, 1963) was to 
present a pair of words and ask how their 
referents were alike, then to present a third 
word and ask how all three were ahke, then 
a fourth, and so on, through a list of eight 
One of hei lists included the woids banana , 
peach , potato , meat , milk, water, air, and 
germs , for example Her Ss were 6 to 18 
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years of age Hornsby's procedure was closei 
to that of the traditional sorting test Children 
of 6 to 11 yeais were presented with an array 
of 42 watei -color pictures of familiar objects 
(apple, clock, umbiella, etc ) S was fiist 
asked to select fiom the array a group of 
pictures that were alike m some way, "any 
way at all m which a gioup of things is the 
same” After the child had completed his 
grouping, he was asked to tell how the pic- 
tures selected weie alike, the pictures were 
returned to the array, and the child was then 
asked to form another group, and so on, 
through 10 soi ting trials 

The classificatory behavioi of the 5s in both 
studies was categorized under three mam ru- 
brics in terms of class stiucture or syntax 

1 Superordmate groupings This is the fa- 
miliar logical-classification gioupmg all the 
objects m the class share one oi more com- 
mon attribute (e g , banana, peach, and po- 
tato are "all food” or "all have skins”) As 
would be expected, there was a convergence 
with age toward the exclusive use of this 
grouping strategy m both studies 

2 Complexive groupings These structuies 
are not so easily characterized, as their name 
implies There also appear to be a number of 
semidistmguishable subvarieties, but we shall 
not descnbe each one individually heie (Bru- 
ner, Olver, and Gieenfield, 1966, Chap 3, 
Bruner and Olvei, 1963) In general, com- 
plexive groupings appeal to be the result of 
a conventional find-the-common-attributes 
strategy which the child fails, for any of a 
number of reasons, to carry off for the whole 
set of objects to be grouped The child might, 
for instance, find a perfectly acceptable simi- 
larity between two of five objects m his group, 
but then find no similarity, a nonsimilanty 
(a contrast), or a different similarity for the 
remaining three Or, alternatively, he might 
select one of the objects and tieat it as a com- 
mon property shared by all the rest Bruner 
and his colleagues refei to this kind of com- 
plex as a “key ring”; for instance, germs func- 
tion as the "ring” in the rationale, “Germs 
are m banana, peach, potato, meat, milk, 
water, and air ” Whatever the particular form 
of the complex, it represents an inconsistent 
class (Kofksy, 1963) in the sense that not all 
the objects aie taken as belonging to the class 
on Jdie same basis, for the same reason (ie , 


common attributes) Hornsby’s data also give 
evidence of something like the complement of 
inconsistency, Kofksy refers to it as none: t- 
haustiveness As in the complexive grouping, 
the child attempts to use equivalence or sim- 
ilarity relations to form his class, but he fails 
to include m his group all the objects that 
possess the property he has chosen as his 
criterion foi class membership’ 

The young child will form a group con- 
sisting of house and barn ‘because they have 
led on them,” and yet ignore the red apple 
and red balloon Or he will select just two 
animals or two foods and fail to include the 
other animals or foods (Bruner, Olver, and 
Gieenfield, 1966, p 82) 

In conti ast to superoidinate gioupings, com- 
plexive groupings and allied phenomena show 
a definite decrease with age in both studies 

3 Thematic groupings The less ambitious 
of Olver and Hornsby's complexive groupings 
come perilously close to ignoring the similar- 
ity or common-attribute constramts of the clas- 
sification task altogether (eg , “Bell is black, 
horn is brown, telephone is blue, radio is 
led”) Then thematic groupings systemati- 
cally ignoie them The elements of the group 
are interrelated, but the relations are not 
those of equivalence or similarity Rather, 
they aie linked togethei, with greatei or lesser 
ingenuity and logic, in some sort of story or 
thema, for example, “The little boy was eat- 
ing a banana on the way to the store to buy 
some peaches and potatoes ” Unlike both su- 
perordmate and complexive groupings, the 
link between items is not of the common-at- 
tribute vanety; and unlike superoidinate but 
like complexive groupings, the same link does 
not hold between all pairs of items They 
could therefore be thought of not only as non- 
classes but also as inconsistent nonclasses 
Thematic groupings were virtually absent in 
Olver's protocols but were rathei commonly 
seen in Hornsby's, like complexive groupings, 
they showed a clear decline with age 

As indicated, much of the developmental 
story on classificatory syntax can be derived 
from these two studies alone, the numerous 
other investigations in the literature mostly 
remfoice their conclusions and, m some in- 
stances, provide the basis for further con- 
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ceptual elaboration of them Let us begin 
with the thematic gioupings Formally speak- 
ing, they bear a striking resemblance to the 
configurations or patterns created by Ric- 
ciuti’s 40-month-olds (Ricciuti and Johnson, 
1965) In both cases, common properties are 
eschewed m favor of common participation 
in some totality If the items to be grouped 
are meaningful ones, as m Hornsby’s task, the 
totality is likely to be a thema or story If they 
are relatively nonmeanmgful, as in Ricciuti’s 
and Inhelder and Piaget’s (1964) tasks, it will 
tend to be a design, pattern, oi constiucted 
object of the jigsaw puzzle type In either 
case, die result is not a class, as the complex- 
lve gioupmg strives to be and the superordi- 
nate grouping succeeds m being, but simply a 
structured whole Correspondingly, the rela- 
tion between item and totality is one of part 
to whole rathei than class member to class 
(Inhelder and Piaget, 1964) 

Inhelder and Piaget have done the most 
extensive work on preclasses of the Ricciuti 
variety, which they refer to as graphic (or 
figural) collections These collections were 
frequently found m their 2J4- to 5-year-old 
Ss Recall that Ricciuti’s 3-year-olds did both 
classlike and configuiationhke sorting (Ric- 
ciuti and Johnson, 1965) Inheldei and Pia- 
get’s graphic collections often showed evi- 
dence of both sorting tendencies In a typical 
graphic collection, the child might begm by 
putting similar objects together and then ad- 
join dissimilar ones to them, perhaps ending 
up with a meaningful structured whole (eg, 
a jigsaw puzzle-like 'house”) Some of Horns- 
by’s examples of thematic groupings also look 
like admixtures of classes and nonclass wholes, 
m general, one would expect to find numerous 
transition structures between the thematic 
grouping or giaphic collection and the com- 
plexive grouping For an interesting analysis 
and interpretation of young children’s graphic 
collections, see Inhelder and Piaget (1964, 
Flavell, 1963a, pp 304-306) Many other 
studies, utilizing a variety of procedures, con- 
firm the young child’s piedilection for graphic 
collections and thematic groupings (Annett, 
1959, Goldman and Levme, 1963, Lovell, 
Mitchell, and Eveiett, 1962, Reichard, 
Schneider, and Rapaport, 1944, Sigel, 1953, 
Szeminska, 1965, Thompson, 1941, Vygotsky, 
1962, Weigl, 1941) 

There is also considerable supporting evi- 


dence for Olvei and Hornsby’s observations 
regarding complexive and related classifica- 
tory behavior It was Vygotsky (1962, Chap 
5) who originally used the term "complex” m 
the early thirties, and the varieties he de- 
scribed aie very similai to those reported by 
these authors As indicated eailier, children’s 
classification efforts at the level of the com- 
plexive giouping characteristically fail to sat- 
isfy the dual requirements of consistency (all 
membeis of the group shaie the same com- 
mon property oi properties) and exhaustive- 
ness (all objects shanng the property oi prop- 
erties are included m the group) , The frequent 
failuie of young children to observe the 
consistency constraint has been noted by An- 
nett (1958), Goldman and Levine (1963), 
Lovell, Mitchell, and Eveiett (1962), Thomp- 
son (1941), Vygotsky (1962), and Werner 
and Kaplan (1950) The child’s failure to es- 
tablish exhaustive classes m free-sorting tasks 
seems in part to be the consequence of a 
tendency to form two- and three-object groups 
(recall the piecedmg quotation from Bruner, 
Olvei, and Greenfield, 1966) This tendency, 
nonexhaustive sorting, or the two in. combina- 
tion have also been reported in seveial stud- 
ies (Annett, 1959, Goldman and Levme, 

1963, Kofsky, 1966, Reichard, Schneider, and 
Rapaport, 1944, Szeminska, 1965) 

There aie other observations about chil- 
dien’s classification below the level of the 
superordinate grouping that should be men- 
tioned Not suipnsmgly, the developmental 
level of the child’s groupings is usually higher 
than that of his verbal definitions or explana- 
tions regarding them (Reichard, Schneider, 
and Rapaport, 1944, Saarinen, 1964, Vygot- 
sky, 1962) Szeminska (1965) and Inhelder 
and Piaget (1964) have stiessed the lack of 
planning and self-momtonng m the young 
child’s classificatory activity "If we tiy to 
analyse the course of behaviour and thinking 
at stage I [the stage of graphic connections], 
we are inevitably struck by the fact that the 
child is taking each step as he comes to it, for- 
getting what went befoie, and not foreseeing 
what must follow” (Inhelder and Piaget, 

1964, p 285) It is apparent that a systematic 
absence of foresight and hindsight would 
alone be sufficient to produce a nonsuperor- 
dmate end result The young child’s catego- 
ries have also been chaiactenzed as fluid and 
unstable, subject to abolition or redefinition 
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from moment to moment as conditions change 
(Kofsky, 1963, Vygotsky, 1962, Werner and 
Kaplan, 1950) Kofsky (1963, 1966) has de- 
vised an ingenious procedure for tapping one 
aspect of class stability Her “conservation of 
class” task (analogous to the Piagetian tests 
for conservation of number, length, etc ) 
probes the child’s understanding that mem- 
bers of a given class continue to retain their 
class-membership status even when separated 
from each other spatially And, finally, Bruner 
and Olver (1963) epitomize much of what is 
known about childrens classificatoiy syntax 
in suggesting that development here consists 
largely of 

the growth of strategies of grouping 
that encode information in a manner (a) that 
chunks information in simpler form, (b) that 
gams connectedness with rules of groupmg 
already formed, and (c) that is designed to 
maximize the possibility of combinatorial op- 
erations such that groupings already formed 
can be combined and detached from other 
forms of groupmg In a word then, what dis- 
tinguishes the young child from the older 
child is the fact that the youngei one is moie 
complicated than the oldei one, not the le- 
verse (p 134) 

Developmental changes in the semantic as- 
pects of classificatory behavior are less clear 
cut, both factually and in terms of their prob- 
able significance for an understanding of cog- 
nitive growth Generally speaking, there ap- 
pears to be an ontogenetic shift — clearly 
evident in one study, less so m another — 
from equivalences based on the moie con- 
crete and immediately given peiceptual, situ- 
ational, and functional attributes of objects 
to equivalences of a more abstiact, verbal- 
conceptual sort, m particular the use of class 
names (“animals,” “fruit,” etc ) as the basis 
for grouping The relevant evidence is to be 
found m both the sorting and classification 
literature (Annett, 1959, Bruner and Olver, 
1963, Bruner, Olver, and Gieenfield, 1966, 
Goldman and Levine, 1963, Natadze, 1961, 
Reichard, Schneidei, and Rapaport, 1944, 
Ricciuti, 1966a, 1966b, Sigel, 1953, 1954, 
Szemmska, 1965, Thompson, 1941) and in 
studies of children’s vocabulary-definition pref- 
erences (Feifel and Lorge, 1950, Kruglov, 
1953, Russell and Saadeh, 1962, Wolman 


and Barker, 1965) Moreover, in tasks where 
all the available equivalence options are per- 
ceptual, there is a subsidiary research corpus 
of ancient hneage which reports develop- 
mental changes in the sahency of such attri- 
butes as the gradual dominance of form over 
color cues with increasing age For good re- 
cent studies of this genre, see Corah (1966), 
Lee (1965), and Suchman and Trabasso 
(1966*i, 1966b) 

The evidence also strongly suggests that 
the property an individual will single out as 
the basis for linking objects together will de- 
pend upon factors m addition to his develop- 
mental status It will depend upon the possi- 
bilities afforded by the available objects (the 
Olver and Hornsby studies, foi instance, show 
this to be an extremely poweiful determi- 
nant), upon the individual’s style of concep- 
tualization (e„g , Kagan, Moss, and Sigel, 
1963), possibly upon the wording of the soit- 
mg instructions (the use of “belong together” 
versus “are alike m some way”), and other 
variables 

Glasses in Interaction Piaget and Inhelder 
have been the chief conti lbutors to our devel- 
opmental knowledge m this area (Piaget, 
1952, Inhelder and Piaget, 1964, see also 
Flavell, 1963a, pp 190-193, 306-309) The 
ontogenetic target here is an individual who 
understands and can think m terms of ceitam 
basic facts and rules concerning the interac- 
tions among classes These include the lecog- 
mtion that a set of objects may be members 
of a numbei of classes simultaneously and a 
grasp of the exact quantitative relations hold- 
ing among the extensions (i e , the set of ob- 
jects comprising the class members) of these 
classes If the extensions of two classes over- 
lap (le , there exist objects which are mem- 
bers of both), an understanding of this ovei- 
lap can be described as a tacit undei standing 
of class multiplication For instance, the (log- 
ical) multiplication of the classes “Republi- 
cans” and “New Yorkers” yields the pioduct 
class “Republican New Yorkeis” — precisely 
those individuals who belong to both of these 
classes at once The intersection of two classes 
may leave a nomnteisectmg lemamder in 
both classes, as in the example just given 
(New Yorkeis who are not Republican, and 
Republicans who are not New Yoikers) On 
the other hand, one of the classes may be 
wholly included within the other, with only 



CONCEPT DEVELOPMENT 997 


the latter possessing a nonintersecting re- 
mainder For example, all terriers are dogs 
but there are also dogs that are not terriers 
An individual who grasps the structure of 
this or similar classification paiadigms under- 
stands something of class addition as well as 
class multiplication He not only can multiply 
the classes "dog” and "teiriei” and get the 
class product "terrier,” but he also can add 
(logically) "ternei” and "nontemer dog” to 
get the sum or superoidmate class "dog” 
("Republicans” and “New Yorkers” can also 
be added in the same way, of course, but that 
fact is not geimane to the present discussion) 

The research of the Genevan group has 
been largely directed at studying the child's 
growing skill and knowledge regarding these 
and related properties of class systems In- 
helder and Piaget (1964) leport a variety of 
experiments which suggest that young chil- 
dren have great difficulty with problems de- 
manding an understanding of multiple class 
membeiship and class multiplication Once 
they have imposed a classificatory division on 
a set of objects, for example, they find it diffi- 
cult to reclassify these same objects on some 
other basis In another of their studies, S is 
presented with a horizontal row of pictures of 
different colored leaves , which forms an L 
with a vertical row of pictures of diverse 
green objects S’s pioblem is to decide which 
picture should go in a blank space that lies 
at the juncture of the two series The older 
Ss (about 9 to 10 years) quickly sense the 
class-intersect character of the problem and 
insert a picture of a green leaf m the blank 
space, whereas the youngei ones characteris- 
tically choose a depicted object which belongs 
to only one of the two classes (eg, another 
leaf of any color) 

The young child's problems with class ad- 
dition and related operations are illustrated 
by a more celebrated series of studies (Piaget, 
1952, Inhelder and Piaget, 1964), These 
studies show that, whereas the young child 
has no difficulty m recognizing that a set of, 
say, ducks and nonduck birds together com- 
prise a collection of birds, he is systematically 
incapable of correctly answering E * s query as 
to whether there are more ducks or more 
birds in the set The child's problem here is 
said to involve an inability simultaneously to 
hold m mind superordmate and subordinate 
classes, in order to compare their extensions 


Inhelder and Piaget (1964) also describe a 
number of othei experimental probes into the 
child’s understanding of superordmate-subor- 
dmate class relationship, for example, investi- 
gations of his growing ability to manipulate the 
quantifiers "some” and "all” with reference to 
the extensions of classes thus related Accord- 
ing to Piaget, the child gradually masters the 
basic rules and operations governing the in- 
teraction among classes during the early to 
middle elementary school yeais, and this mas- 
tery is interpreted in terms of the acquisition 
of concrete-operational structures 

There have been a number of attempts to 
replicate or extend Inhelder and Piaget's find- 
ings (Dodwell, 1962, Elkmd, 1961c, Hood, 
1962, Hyde, 1959, Kofsky, 1966, Lovell, 
Mitchell, and Everett, 1962, Morf, 1959, 
Sigel, Saltz, and Roskmd, 1967, Wohlwill 
and Katz, 1967) In general, these mvestiga- 
gators find roughly the same developmental 
phenomena that Inhelder and Piaget found, 
with perhaps a difference m detail here and 
there The young child's difficulty with the 
class-inclusion pioblem (more ducks oi moie 
birds?), for example, has been repeatedly re- 
confirmed There aie other, nonreplication 
studies which also give coiroborative informa- 
tion For instance, the young child's relative 
inability to shift criteria and reclassify the 
same set of items m different ways is well 
documented (Heald and Marzolf, 1954, Rei- 
chard, Schneider, and Rapaport, 1944, Saari- 
nen, 1964, Thompson, 1941) The classic 
papers by Welch and Long on the learning of 
class hierarchies should perhaps also be cited 
here (Welch, 1940, Welch and Long, 1940a, 
1940b), although the wnter has found it 
very difficult to interpret and evaluate these 
particular studies Finally, there is an inter- 
esting study by Mosher which illustrates how 
the child's growing expertise with class hier- 
archies gets expressed in the information- 
seeking strategies he uses when playing the 
game of Twenty Questions (Bruner, Olver, 
and Greenfield, 1966, Chap 4) 

Conclusions. This discussion began with a 
distinction between classes as intellectual in- 
strument and classes as intellectual object 
What is to be learned from the literature just 
leviewed about the development of each of 
these? Foi classes as intellectual instrument, 
the answer is uncertain Theie is still no con- 
vincing reason to suppose that an individual's 
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behavior on a sorting task is a really faithful 
reflection of the spontaneous categorizations 
he makes m everyday situations In particular, 
we suspect with Brown (1965, p 328) that 
the typical adult utilizes categories of a widei 
genetic range in everyday life than you would 
be led to believe from the neat supei ordinate 
groupings he gives you on your soitmg test 
The problem is partly that we really are not 
sure what stimulus properties such tests have 
for Ss of various ages — just what implicit 
self-mstructions the mateuals and formal in- 
structions arouse m S 

For classes as intellectual object, the an- 
swer is a bit clearer, although some of the 
same interpretative problems apply here as 
well The literature suggests that the child in 
our culture gradually acquiies a functional 
command of the lules and regulanties which 
obtam m the isolated class and m systems of 
interrelated classes One can only assume that 
this glowing understanding has important ef- 
fects upon the categories the individual habit- 
ually uses, and especially upon the way he 
uses them m everyday reasoning and prob- 
lem-solving situations 

Relations 

The conceptual link between relations and 
classes is obviously a veiy close one For in- 
stance, equivalence, difference, conjunction, 
disjunction, and other lelations continually 
figure m our assignment of objects to classes 
It is no surprise, then, to discover numerous 
parallels between the development of rela- 
tional and classificatory thinking First, the 
distinction betwen intellectual-instrument and 
intellectual-object aspects applies here as it 
did to classes The child can be said to ac- 
quire a repertory of particular kinds of rela- 
tions which he imposes on data, and he can 
also be said to acquire an understanding of 
the properties of relations m general Second, 
lelational thinking, like classificatory thinking, 
appears to have its origins in the sensorimotor 
period of infancy (Inhelder and Piaget, 1964, 
p 13), although the relational equivalent of 
Ricciuti’s (1965) study on early classification 
behavior has apparently not been done yet 
Third, it is again possible to divide the devel- 
opmental evidence according to its bearing on 
relations taken m isolation or m interaction 
with one another the child learns what a 
relation is, and he also learns about systems 


of relations Moreover, Piaget’s theoretical an- 
alysis has shown that systems of relations, 
hke those of classes, are susceptible to the 
operations of logical addition and multiplica- 
tion In fact, of the eight concrete-opeiational 
groupings he uses as models for middle-child- 
hood cognitive attainments, the most lmpoi- 
tant are said to be the four dealing with the 
addition and multiplication of classes and re- 
lations (Inhelder and Piaget, 1964, p 278) 
And finally, implied m what has just been 
said, the developmental mastery of the funda- 
mental properties of relations and of classes 
appears to be loughly synchronous, that is, 
both are attained during the elementary 
school years 

Relations in Isolation One way to ap- 
proach this topic would be to chronicle the 
developmental acquisition of particular indi- 
vidual relations, taken m their intellectual- 
instrument aspect Foi instance, Kreezei and 
Dallenbach (1929) and Robmowitz (1956) 
have shown that it is not until age 6 to 7 
years or so that the child seems to have ac- 
quired the relation "opposite of” Similarly, 
there are many studies m the literature on 
childrens learning concerning the age at 
which relational concepts such as "middle- 
sized” enter the child’s functional repertoire 
It might, however, be more illuminating (and 
would certainly be less space-consuming) to 
restrict our attention to the intellectual-object 
side of the problem, that is, to the child’s 
progressive understanding of what a rela- 
tion — any relation — is and implies This also 
mvolves looking at the child’s reactions to 
specific relational concepts, but with an eye 
to drawing more general conclusions 

The pertinent observations appear to have 
been made first by Piaget some years ago 
(Piaget, 1928, Chap 2-3, Flavell, 1963a, pp 
276-278) His "principal finding was that 
young children tend to misconstrue relations 
as absolute classes, this is true for both sym- 
metrical relations (eg, "brothei of”) and 
asymmetrical relations (eg, ‘left of,” “dark- 
er”) Such expressions are taken simply as 
class names for sets of objects shaung some 
common property rather than as lelations 
holding between objects Thus the relative, 
"darker,” is interpreted as the absolute, 
"dark,” and "brother” is at first simply "a 
boy” Furthermore, because the child is in- 
sensitive to the relational connotations of 
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terras like "brother/* he fails to realize that 
he himself is also a brother of his brother, 
that is, the recipiocal nature of such sym- 
metrical relations escapes him Piaget sum- 
marizes the young child's conception of rela- 
tions as follows 

The conclusion to which we are finally led 
is this The child does not realize that certain 
ideas, even such as are obviously relative for 
an adult are relations between at least two 
terms Thus he does not realize that a brother 
must necessarily be the brother of somebody, 
that an object must necessanly be to the right 
or left of somebody, or that a part must nec- 
essarily be pait of a whole, but thinks of all 
these notions as existing m themselves, abso- 
lutely (1928, p 131) 

Piaget attributes the young child’s difficulty in 
grasping the relativity of relations to his cog- 
nitive egocentrism, defined as a generalized 
inability to envisage multiple perspectives or 
pomts of view, that is, to see things relatively 
rather than absolutistically It is worth notmg 
that something like this confounding of rela- 
tions with classes was also detectable m the 
child’s early classificatory activity, where ob- 
jects are frequently grouped together on the 
basis of various (nonequivalence) relations 
holding between one object and another, thus 
giving rise to thematic groupings and graphic 
collections Piaget's findings regarding the de- 
velopmental aspects of relations in isolation 
have been substantially confirmed by other 
researchers (Danziger, 1957, Elkmd, 1961e, 
1962a) 

Relations m Interaction. We have already 
said that the operations by which sets of 
classes can be interconnected have their an- 
alogues in the domain of relations As m the 
section on classes, our description of these op- 
erations will be incomplete and nonrigorous, 
intended only to illustrate some basic points 
(Flavell, 1963a, Chap 5) First, roughly par- 
allel to the imposition of a class hierarchy on 
an object domain is the operation of seriating 
a set of objects, for instance, lining up a set of 
sticks m regular order from shortest to long- 
est The relations betwen the objects so seri- 
ated are then susceptible to a kind of logical 
addition, analogous to the addition of classes 
For example, if the ordered series is repre- 
sented SLSA<B<C<D (A shorter than 


B, B shorter than C, etc ) , then the rela- 
tion (A < B) "plus” the relation (B<C) 
"equals” the relation (A<C), the addition 
of relations thus expresses the transitivity of 
these relations The same would be true for 
certain symmetrical relations, such as “equals” 
or "is brother to” A = B "plus” B ~C 
"equals” A = C, if A and B are brothers, and 
B and C are brothers, then so also must A 
and C be brothers Furthermore, relations can 
be multiplied as well as added Given a square 
matrix embodying two serrations in which, 
say, the objects become increasingly darker 
m color as one moves along the rows from 
left to right, and increasingly larger as one 
proceeds down the columns, some object X 
m the matrix can be conjunctively character- 
ized as at once darker and larger than some 
Y, lighter and equal m size to some Z, etc 
A product relation like “darker and larger” is 
thus the counterpart of a product class like 
"New York (and) Republican” 

We can now define some developmental 
objectives regarding a basic understanding of 
relations in interaction v The child will need 
to acquire the ability to senate correctly a 
potentially orderable but unordered collection 
of objects, and to understand cleaily that the 
nth object m his constructed series occupies 
that position because it is at once larger, say, 
than object n — 1 and smaller than object 
n- f- 1 Given this ability and understanding, 
the interpolation of new and additional ob- 
jects into the senes will pose no problem, 
smce the [(n — 1) < n < (n + 1)] "rule” 
will guarantee the correct placement of each 
object The child will also need to grasp the 
transitivity principle implied in the senal ad- 
dition operation He should eventually be able 
to regard the conclusion A < C (or A = C) 
as logically necessary, given only the informa- 
tion A < B and B <C (or A = B and B == 
C), regardless of countervailing suggestion 
from E or from the perceptual properties of 
A, B, and C themselves Finally, he should 
acquire the same sensitivity to the multipli- 
cative possibilities of sets of different rela- 
tions that he does for sets of different classes 
(recall Inhelder and Piaget's experiment on 
the intersection of green objects and leaves), 
and he should also be able to reason in terms 
of product relations on problems where such 
reasoning might be helpful 
Piaget has analyzed the developmental 
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problem of relational systems m roughly the 
manner just described, and he has con- 
ducted his research accoidmgly First, he has 
shown that young children have real difficul- 
ties m arranging unordered objects mto an 
ordered series and, when first able to do this, 
cannot continue to insert new items into it 
correctly (Piaget, 1952, Chap 6, Inhelder 
and Piaget, 1964, Chap 9) 

Similarly, the empirical establishment of a 
i elation between A and B and between B and 
C does not initially suffice for definite conclu- 
sions regarding the relation between A and C 
This absence of tiansitive inference has been 
found to chaiactenze the young child's rea- 
soning with respect to both asymmetrical 
(Piaget and Inhelder, 1941, Chap 10) and 
symmetrical ( ibid , Chap 11) relations Foi 
mstance, given three objects of varying sizes 
and colors of identical or different weights, 
the child will not reliably and with subjective 
certainty conclude that A = C on the basis 
of A = B and B = C, or that A < C on the 
basis of A <B and B < C 
Moreover, the multiplication of relations 
also appears to be an operation foreign to the 
young mind In one of their studies, Inhelder 
and Piaget (1964, Chap 10) gave children 
of different ages 49 cut-out pictures of leaves 
orderable both by size (7 sizes) and by shade 
of color (7 shades) and probed m various 
ways for then ability to construct the 7 X 7 
matrix The youngest Ss failed to seriate at 
all Older ones could construct one of the 
series or sometimes both in succession, but 
without being able to effect a multiplicative 
synthesis of the two After the age of 7 or so, 
partial or complete matrix-building became 
quite common One gets the impression from 
reading Inhelder and Piaget's behavior rec- 
ords here (1964, p 275) that these oldest Ss 
"knew what the game was" m a way that the 
younger ones did not It should also be men- 
tioned that Piaget assigns a very important 
and general mediative role to the child's 
growing ability to multiply relations it is 
said to be a developmental bridge to the at- 
tainment of the various conservation concepts 
(eg, Piaget, 1952, Chap 1), 

There have been a number of independent 
confirmations of Piaget's assertions regarding 
early difficulties in constructing series and m 
interpolating new elements mto already-con- 
structed ones (eg, Chittenden, 1964, Elkmd, 


1964a, Lovell, Mitchell, and Everett, 1962) 
In addition, there are many studies on num- 
ber development which support these asser- 
tions in a less direct manner (see the next 
section) 

There can also be no doubt that a giasp of 
the tiansitivity rule develops with age (Chit- 
tenden, 1964, Hood, 1962, Hyde, 1959, Lov- 
ell and Ogilvie, 1961b, Youmss and Furth, 

1965, 1966, and numerous other studies to be 
cited m later sections) The two experiments 
by Youmss and Furth are particularly inter- 
esting In the earlier one (1965), children of 
grades K, 1, and 3 were required to learn ar- 
bitrary causal sequences, namely, which of 
three balls (identical in size but different col- 
ors) would push one another off an inclined 
plane They found that the older groups, but 
not the youngei one, learned a given se- 
quence significantly faster if it embodied the 
tiansitivity principle (A pushes B off the 
plane, B pushes C, and A pushes C) than if 
it did not (A pushes B t B pushes C, but C 
pushes A) In the second study (1966) they 
found that kindergarten children learned tran- 
sitive sequences more easily than intransitive 
ones only when the perceptual cues were con- 
gruent with the sequence (ie, bigger balls 
pushing smaller ones), first- and third-graders, 
on the other hand, learned transitive se- 
quences moie easily regardless of the con- 
gruency-mcongruency of these cues 

There is less evidence regaidmg the devel- 
opment of relational multiplication, but what 
there is confirms the Genevan findings (Bru- 
ner, Olver, and Greenfield, 1966, Chap 7, 
Lovell, Mitchell, and Everett, 1962) Lovell, 
Mitchell, and Everett essentially repeated In- 
heldei and Piaget's original procedure and 
obtained similar developmental trends Bruner 
and Kenney (Bruner, Olver, and Greenfield, 

1966, Chap 7) were more innovative They 
presented children with a square matrix of 
nine beakers, the beakers increasing in height 
along one axis and in width along the othei 
The Ss were tested both for their ability to 
reproduce the ongmal matiix fiom memory 
and foi their ability to complete a transposed 
matux which E began for them by moving 
the shortest and thinnest glass from its orig- 
inal position m the southwest corner of the 
matrix to the southeast corner The results 
weie diamatic Whereas % of the 5-year-olds 
could reproduce the ongmal matrix, not one 
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could complete the transposed version In 
contrast, % of the 7-year-olds succeeded on 
both tasks It would be a fan interpretation of 
their data to say that the older child under- 
stands the multiplication-of-relations principle 
implicit in the arrangement of the glasses and 
therefore can transpose as easily as he can 
reproduce, this principle eludes the younger 
child, and hence he sees only a specific and 
immutable spatial configuration 

Number 

We now consider normative-descriptive re- 
search dealing principally with the child’s de- 
veloping grasp of certain very basic and 
important properties of number and the num- 
ber system Developmental investigations of 
other mathematical concepts such as the con- 
cept of piobability will be taken up in the 
next section 

Virtually everything of interest that we 
know about the early growth of number con- 
cepts grows out of Piaget’s pioneer work m 
the area (Piaget, 1952, Churchill, 1961, Flav- 
ell, 1963a, pp 309^316) Piaget saw early 
that revealing studies here must focus on tacit 
mathematical assumptions and beliefs which 
may be considerably removed from the child’s 
overt behavior with respect to the number 
system, that is, they must deal with the geno- 
types rather than the phenotypes of mathe- 
matical behavior He argued that what the 
child really understands about the nature of 
number cannot be reliably inferred from the 
conventional numerical operations (counting, 
adding, etc ) he is called upon to learn and 
perform m the traditional classroom, instead, 
new and radically different methods must be 
devised to probe for this understanding — for 
the child's number concepts in the true sense 
of the word Although such an approach 
would probably elicit a condescending "of 
course” from today’s educator or developmen- 
tal psychologist, it is important to realize that 
it did not always seem self-evident Consider 
the following excerpt from a 1942 book, The 
Early Development of Number Concepts A 
test was given to some 1290 children just en- 
tering elementary school in order to find out 
what they already knew about arithmetic The 
nature and rationale of this test are apparent 
from the author’s conclusions 

It is obvious that whereas almost all pupils 


entering school can perform rote counting by 
units, only about 20 per cent can accomplish 
rote counting by tens, and the number who 
succeed m counting backwards is negligible 
Practically all children entering school are 
competent to some degree in rational count- 
ing, and more than half succeed in actual 
counting up to 10 or 15 Over 90 per 
cent of school entrants can give 2 objects, 
ovei 50 pei cent can give 5 objects, and over 
20 per cent can give 10 objects when they are 
lequired to do so by the teacher The ad- 
dition combination 1 + 2 is known to almost 
half the pupils, and 3 + 1 by a third, 2 + 3 
and 5+1 are known to about 20 per cent 
The subtraction combination 3 — 1 is known 
to three-quarters of the pupils, whereas the 
corresponding addition combination 3 + 1 is 
only known to a third, 5 — 2 is as well known 
as 1+2, and 7 — 3 is known to a quarter of 
the pupils (Scottish Council for Research in 
Education, 1942, p 27) 

Piagetian research on number development 
can be divided for convenience of presenta- 
tion into two parts Piaget’s original studies, 
carried out m the 1930s and first published in 
English m 1952 (Piaget, 1952), subsequent 
research on the problem, done primarily by 
Piaget’s collaborators during the last 10 years 
The original studies have become very well 
known to the psychological and educational 
public and have often been repeated by 
others The recent work, as yet unreplicated 
(by non-Genevans) and untranslated, will un- 
doubtedly be less familiar to most readers 

The Original Studies, Piaget conceived the 
basic developmental problems m roughly the 
following way What, exactly, are the essen- 
tial cognitive components of an adequate ele- 
mentary concept of number? That is, what 
must the child implicitly know about the 
properties of numbers in order to be credited 
with such a concept? Piaget believes that 
these cognitive components principally in- 
clude a concrete-operational mastery of clas- 
sification and seriation (the middle- childhood- 
level understanding of classes and relations 
described in the preceding two sections of this 
chapter) Number itself is actually concep- 
tualized as a fusion or synthesis of classes and 
(asymmetrical) relations, accordmg to a logi- 
cal and epistemological analysis which will 
not be detailed here (see Flavell, 1963a, pp 
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310-311 and the page references to Piaget, 
1952, cited here) Because of the putative 
intimate relation among these three cognitive 
domains, several of Piaget’s number-concept 
problems require for their solution the ability 
to classify and, especially, to seriate 

In one of his tasks, for example (Piaget, 
1952, Chap 5), the child is presented with 
two unordered but potentially orderable sets 
of 10 objects each dolls of different heights 
and miniature walkmg sticks of different 
lengths The child is told to arrange the dolls 
and sticks m such a way that each doll can 
easily find the stick that belongs to it The 
solution is to senate the objects in each set 
and bring the appropriate doll-stick pairs 
together, m optical correspondence, for in- 
stance, the fourth-largest doll must be placed 
opposite the fourth-largest stick Once this is 
accomplished, E closes up one of the series so 
that each stick is no longer directly opposite 
its owner, and S is asked to find the stick that 
belongs to some particular doll selected by E 
The most interesting finding was that there 
were a number of children who could readily 
solve the initial, double-seriation part of the 
problem but could not find the correct stick 
for a given doll when the optical correspond- 
ence between the two series — each doll op- 
posite its stick — was destroyed In particular, 
the child at this stage was prone to confuse 
the ordinal number of the correct stick (nth) 
with the cardinal number (n— 1) of those 
smaller than it, thus often selectmg the (n — 
1 ) th stick when the nth was called for Several 
other of Piaget’s studies (ibid, Chap 6) also 
pointed up the pre-operational child’s difficul- 
ties m differentiating and cooidmatmg the or- 
dinal and cardinal aspects of number — in 
terms of Piaget’s initial conceptualization, its 
relational and classificatory components, re- 
spectively 

By all odds the most famous of Piaget’s 
investigations in this area deal with the con- 
servation of number The tasks he used to 
elicit conservation or nonconservation le- 
sponses m children varied from study to study, 
but one basic paradigm is used m all cases 
Two sets of objects are established as numer- 
ically equivalent, usually by one-one corre- 
spondence rather than enumeration, for ex- 
ample, E’s row of objects and S’s row of 
objects are set in direct, one-one optical cor- 
respondence, as with the sticks and dolls, or 


E puts a marble m one container every time 
S puts a marble m another container The 
objects m the one set may have some natural 
connection with those m the other (e g , dolls 
m the one set, their beds in the other), or 
they may not (e g , a set of white beads ver- 
sus a set of red beads), Piaget refers to the 
former as "provoked” and the latter as "spon- 
taneous” correspondence (Piaget, 1952) 

Whatever the specific form of the task, at 
some point conditions are so arranged that 
there is a lack of optical correspondence be- 
tween the members of the two sets, with the 
lesult that the young child may experience 
what amounts to a perceptual illusion as re- 
gards the relative numerosity of the two sets 
If the two sets had been placed initially m 
optical correspondence, say, two rows of 
equally spaced and opposing objects, E may 
destroy the correspondence by lengthening 
one of the rows, by transforming one row into 
a heap or a tower, or by effecting spatial sub- 
groups withm one of the sets (Piaget in this 
instance would speak of the "additive compo- 
sition of numbers,” i e , the recognition that 
the sum of the subsets equals the total set) 
If the numerical equivalence had instead 
been initially constituted by one-for-one m- 
seition of marbles into each of two identical 
transparent containers, E will have insured 
an eventual optical noncorrespondence by 
pouiing the contents of one into a third, dif- 
ferently shaped container The child is then 
asked whether the two sets now contain iden- 
tical numbers or amounts of objects The pro- 
totypical conserver steadfastly affirms their 
continued equivalence, the nonconserver de- 
nies it ^ 

There is considerable controversy regardmg 
just what characteristics of the child’s struc- 
ture account for conservation versus noncon- 
servation responses, in the area of number 
and elsewhere, and especially regarding the 
mechanisms by which the foimer replaces the 
latter in the course of development We shall 
touch on such questions later There is no 
controversy at all, however, about the reality 
of certain gioss differences between the two 
types of responders The nonconserver is dis- 
tinguished from the conserver both by what 
he does and by what he fails to do What he 
does is treat the problem as a perceptual 
rather than a cognitive one, and m so doing he 
is likely to make a judgment of nonequiva- 
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lence on the basis of certain number-irrele- 
vant cues such as length, width, and density 
Thus the spread-out row is often said to con- 
tain more objects because “it is longer,” the 
thm container because “it is higher” (1 e , the 
column of marbles is higher), etc What he 
fails to do is draw logical conclusions from 
the fact that the two sets were initially es- 
tablished as equivalent by one-one corre- 
spondence (or by counting ) , and from the fact 
that the transformations which have been per- 
formed are not of the kinds that affect the 
numerosity of the sets And what he does not 
have, quite obviously, is a coherent and differ- 
entiated — an “operational,” as Piaget would 
put it — concept of number 

The claim that young children are system- 
atically prone to nonconservation responses, 
in this and other areas, seems most improb- 
able at first hearing, and it could have been 
predicted that subsequent researchers would 
leave no children untested m trying to support 
or falsify it In the case of number conservation 
specifically, there is overwhelming evidence 
that the claim is indeed a valid one We shall 
cite here only the replication-oriented stud- 
ies of Piaget’s conservation and other number- 
concept tasks, we defer to later sections con- 
sideration of investigations which verify the 
claim incidentally, while in the course of 
pursuing some other objective (attempts at 
training nonconservers to conserve, cross-cul- 
tural comparisons of the age at which con- 
servation is attained, etc ) 

Replications of one or more of Piaget’s 
number-concept studies have been earned out 
by Almy, Chittenden, and Miller (1966), 
Beard (1963a), Dodwell (1960, 1961), El- 
kind (1964a), and Hood (1962) These in- 
vestigators repoit essentially the same gamut 
of pre-opeiational and concrete-operational 
behaviors on the vanous tasks that Piaget 
found.{ The Almy, Chittenden, and Miller 
study provides especially strong confirmation 
m that it demonstrated progressive shifts from 
nonconservation to conservation responding in 
individual children, retested at 6-month inter- 
vals over a 2-year period (5 to 7 years of 
age) 

It is unclear (at least to the writer) whether 
Piaget’s theoretical analysis of the number 
concept as a synthesis of classificatory and re- 
lational operations actually ought to imply 
that the standard Piagetian tests foi these 


operations (eg, senation and class-inclusion 
tasks) should be negotiated earlier than, or 
in strict synchrony with, more direct tests of 
the number concept itself (eg, tests of car- 
dinal-ordinal correspondence or of number 
conservation) Whatever the logical status of 
this implication, its factual status is certainly 
very doubtful Neither Piaget nor anyone else 
(eg, Beard, 1963a, Dodwell, 1961a, Hood, 
1962) has shown any convincing empirical 
evidence that seriation and classification tasks 
are regularly mastered prior to number tasks 
Although there is some agreement across 
studies as to the order of difficulty among the 
vanous tasks, those assessmg classificatory 
and relational operations are not uniformly 
easier than those assessing numerical ones ' 

Finally, there is a study by Gunderson 
(1955), which, although not conceived within 
a Piagetian framework, lends some support to 
his view that the elementary numerical opera- 
tions become interconnected within a more 
general cognitive structure during early mid- 
dle childhood She found that second-grade 
children, already skilled in simple addition 
and subtraction operations, were surprisingly 
adept at solving simple multiplication and 
division problems, even though they had not 
yet received any formal instruction in these 
latter operations 

Recent Genevan Research, Inhelder and 
Piaget (1963) have done further studies of 
the child’s developing ability to infer con- 
servation of number from the repeated or re- 
cursive application of the operation of one- 
one correspondence A variety of new tasks 
were employed (the Genevans seem to have 
an inexhaustible supply of techniques for 
assessing conservation concepts!), of which 
the following is prototypical The child re- 
peatedly performs the action of simultaneously 
adding a bead to each of two glasses, one 
wide and one narrow At various points, E 
asks the child if the two sets of beads con- 
tinue to be equal, covers the glasses with a 
cardboard box, has the child continue to drop 
marbles into the glasses through holes in the 
box, and then repeats the conservation ques- 
tion, asks if the sets would always continue 
to be equal if the child kept up the one-for- 
one process “all afternoon,” or “for a long 
time ” The child was further queried about 
each answer, as is usual in Piagetian research, 
and asked to justify his conclusions 
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Two findings of this study are of particular 
interest First, a number of the younger Ss 
were able to infer at any given point that the 
two sets continued to be equal, despite all ap- 
pearances (the higher column of beads m the 
thinnei glass), on the basis of then construc- 
tion through the one-foi-one opeiation How- 
ever, they were hesitant and unceitam about 
the equality after the cardboard boxes were 
added 01 when asked to extiapolate mto the 
future In conti ast, one of the older Ss spoke 
for all conciete-opeiational thmkeis in saying, 
“Oh yes, once you know, you know foievei!” 
(ibid, p 66) Second, opeiational-lookmg 
judgments and justifications seem to emeige 
earlier on this type of task than on the tradi- 
tional number-conseivation tasks, foi example, 
wheie one of two identical glasses of beads is 
abruptly pouied mto another, diffeient-shaped 
one Inhelder and Piaget appaiently construe 
these piecocious successes as involving a 
primitive foim of lecuisive leasonmg, which 
will subsequently play a role m the formation 
of a conciete-opeiational conception of the 
number senes 

/An earlier study reported m Apostel, Mays, 
Moif, and Piaget (1957, Chap 4) was con- 
cerned with the distinction between logically 
based and empmcally based conservation judg- 
ments, a distinction implicitly piesent in the 
findings just descnbed Then task was the fol- 
lowing Two lows of buttons are set m one-one 
optical conespondence, and the child agiees 
that the lows aie numerically equal E then di- 
vides one of the lows into two oi more clusters 
of buttons, for example, a row of eight may be 
learranged mto groups of 3, 3, and 2 A screen 
is placed between S and this row so that the 
child can see E create the subsets (and E 
also describes everything he is doing) but 
cannot actually count the buttons The child 
then is asked if the two sets aie still equal, 
and E tries to determine whether the child 
feels it necessary to remove the screen and 
count the buttons to be suie As usual, it is 
the intermediary reactions that are of gieat- 
est interest There appears to be a stage when 
the child is unwilling to either asseit or deny 
conservation before counting, conservation 
has for him the status of an empirical hypoth- 
esis that has to be tested Moieover, the less 
advanced children of this stage have to keep 
reconfirming the equality, always by count- 
ing, for each new division of the same set of 


buttons In addition, empirical venfication 
through counting only leads to sure consei- 
vation judgments during this stage if the sets 
aie lelatively small (less than 15 or 20) 

From this and other evidence, Piaget has 
elsewhere concluded that there is a piogies- 
sive anthmetization of the number senes m 
the couise of development numencal opera- 
tions are at first constituted only for the do- 
main of small, “familiar” sets, and they are 
then slowly extended ovei the entne senes 
(Piaget, 1960, p 65) On the other hand, 
the oldest Ss m the Apostel et al sample 
(8 to 9 yeais) cleaily regarded conseivation 
as a logical necessity, given the nature of the 
transfoimation pei formed, and therefoie dis- 
dained to count As one of them said, “Theie’s 
no need to count, it’s just the same as it was 
before” (Apostel et al , 1957, p 118) 

The Genevans have explored still other var- 
iations of the conservation pioblem Apostel 
et al (1957, Chap 5) describe a second task, 
also utilizing the screening procedure, m 
which symmetncal divisions are made in both 
lows of buttons The top row may consist of 
8 buttons subsequently partitioned mto gioups 
of 3 (left side) and 5 (light side), and the 
bottom iow may consist of 8 buttons subse- 
quently paititioned into gioups of 5 (left 
side) and 3 (right side) The child's task is to 
judge whether a bai placed honzontally and 
vertically within the four-subset configuration 
will m each instance result m an equal num- 
ber on either side of the bar It does, of 
course 

3 5 

with the bar horizontal 

5 3 

3 3 

£ g with the bar vertical 

As m the piecedmg study it was found that 
with increasing age the child feels increas- 
ingly less need to count m order to be sure 
of the equivalences The most peculiai lesult, 
howevei, was that a number of the mterme- 
diate-stage Ss lemamed unconvinced that vei- 
tical bisection (which cieates two new sets 
of two subsets each) resulted in numencal 
equality, even aftei counting^ ^ 

Gieco (1962a) has also used a vanation of 
the conservation piocedure m an attempt to 
test the child's understanding of the commu- 
tativity law of addition x + y = V + % Two 
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rows of 8 equally spaced counters aie placed 
in optical conespondence, one low duectly 
above the othei, the leftmost 5 in each low 
are white and the rightmost (lemainmg) 3 
are red The 3 red counteis m the bottom row 
are slowly displaced, one by one, to the left 
of the white counters in that same low (thus 
effecting a spatial permutation of the whites 
and the reds), and the conservation question 
is posed The developmental succession of re- 
sponses to this task closely lesembles that 
which is generally found in tiaditional con- 
servation studies, on this and othei grounds 
one is led to wonder whether the task leally 
tapped anything more specific than conserva- 
tion-nonconservation 

There is anothei, moie intei esting study by 
Gieco (1962b) He has shown that at least 
some children pass through a cuiious transi- 
tional stage before acqumng a cleai-cut, adult 
grasp of number conseivation During this 
stage, the child clearly lecognizes that the 
numerical labels of two sets lemain invariant 
under number-m elevant transformations (eg, 
spreading out the objects m one of the lows), 
but he seems not to grasp the quantitative 
implications of this fact That is, he will de- 
fend (often with opeiational-like aiguments) 
the position that “there aie still seven heie 
and seven there”, nevei theless, he will con- 
clude that “there aie moie” m the longer row 1 
Such a child is said to have acquiied the 
conservation of quotite — of the numerical 
“names” which describe each set — but not 
yet the conservation of numencal quantite 
proper Dodwell (1960) and Wohlwill and 
Lowe (1962) have noted a similar lack of 
integiation between the absolute-numerical 
and relative-quantitative aspects of numbei in 
some of their young Ss 

Not all of the lecent Genevan leseaich m 
this area has dealt with numbei conservation 
Moif (1962), foi example, has tried to study 
the child's growing understanding of the fact 
that numbers form a connected, unbroken 
series, for example, that m counting one by 
one from 2 to 10, you must necessarily “pass 
through,” say, 7 He used several variations 
of the following technique The child is ini- 
tially piesented with two sets of cubes a set 
of 30, aligned on a wooden ruler, a set of 9 
(set A) grouped together on the table E tips 
the ruler so that one or two of the 30 slide 
off onto the table, thus forming the beginning 


of a second gioup of cubes on the table (set 
B) E then asks “If I continue to make these 
blocks fall one by one, am I sure to end up 
having as many cubes on the left as on the 
light?” (l e , must B = A at some point as B 
continues to mciease m size?) It is clear fiom 
Moif's behavior lecords that some of the chil- 
dien weie unsuie of what would happen for 
laigely aitif actual leasons (eg, they won- 
deied if the sliding-off piocess could m prac- 
tice be anested at piecisely the A — B 
point) On the othei hand, his lecoids sug- 
gest that some of the younger children really 
weie unsuie that B would have to equal A 
m going fiom B <A to B > A He reports 
such lesponses as, “You'ie not suie — theie 
could be one not enough and then one too 
many,” and, “Theie could be moie and after- 
wards less and nevei the same thing” (Morf, 
1962, p 96) 

The expression, “Given any number 
is commonplace m mathematical arguments 
Matalon (1963a, 1963b) and Greco (1963a) 
have attempted to study the developmental 
acquisition of this concept of “any number” 
( nombre quelconque) Vanous techniques 
were used, all designed to piobe for the in- 
sight that ceitain mathematical opeiations 
pioduce invariant results regaidless of what 
numbers they are performed upon, and hence 
that the number m question need not be 
known oi specified (“let n lepiesent any 
given number ”) It is intuitively obvious 
that this kind of mathematical understanding 
is moie subtle and abstiact than any so far 
dealt with in this section, and it is no surprise 
to find that most of Matalon's and Gr6co’s 
quelconque problems appear to require foi- 
mal lather than concrete opeiations foi their 
systematic solution 

In one of Matalon s (1963a) studies, the 
child was asked, m effect, whether 2n + 1 will 
be divisible by 2 (i e , will be an even or an 
od number) , whatever value of n is selected 
The developmental trends found weie not 
very pronounced, but there was at least some 
indication that the older Ss (near-adolescents) 
tended to be moie sensitive to the generality 
of the answer — to the “no-mattei-what-num- 
ber-you-choose” character of the problem In 
another study, two rows of white and red 
counters were set before the child m optical 
correspondence, each white opposite a red E 
then mixed the two sets together and asked S 
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if the successive removal of randomly chosen 
pairs of counters from the pile would or would 
not leave a remainder Some of the younger 
children were confident that pairwise deple- 
tion would leave no remainder, providing that 
each pair consisted of a red and a white 
counter, but were unsure for paires quelcon - 
ques The older ones recognized that any and 
all pans were equivalent in this context 

Greco’s (1963a) tasks were too complex to 
be described here In general, they also high- 
light the elementary school child's difficulties 
in seeing that all numbers can be regarded as 
equivalent for certain purposes of mathemati- 
cal reasonmg In discussing these studies, 
Piaget speaks of a progressive quelconqmfica- 
tion of numbers in the course of development, 
and he suggests that the child's increasing 
fluency with combinatorial operations plays 
a role in this process (Gr6co, Inhelder, Mata- 
lon, and Piaget, 1963, pp 13, 16), For other 
recent Genevan work on number concepts, 
see Vols 11, 13, and 17 of Piaget's Etudes 
cfepistSmologie genStiques monograph series 
(published by Presses Umversitaires de 
France) 

Other Concepts 

This brief section deals with a residual 
cluster of interrelated concepts of a logical- 
mathematical sort concerning which we have 
at least some developmental information The 
principal one is the concept of chance or 
probability Piaget and Inhelder (1951) have 
made an extensive theoretical and experimen- 
tal analysis of its evolution, and there is also 
a small follow-up literature by non-Genevan 
researchers Piaget and Inhelder have cogently 
argued that the full development of elemen- 
tary probabilistic reasoning must await certain 
formal-operational acquisitions, namely, the 
concept of proportion and the ability to en- 
gage in combinatorial thinking Some inter- 
esting developmental research has been done 
on proportions and combinations, however, 
and an initial examination of this research 
will serve as an introduction to the probability 
studies 

Combinations and Proportions In Piaget's 
theoretical system, combinatorial operations 
and an understanding of proportionality are 
characterized as formal-operational schemas , 
conceptual instruments or skills which are the 
developmental by-products of adolescent-level 


thought organization in general (Piaget's 
group-lattice structure), and which can medi- 
ate the solution of a wide range of superfi- 
cial! y dissimilar problems (Inhelder and Pia- 
get, 1958, pp 307-329, Flavell, 1963a, p 
222) Thus Piaget frequently appeals to the 
adolescent's underlymg grasp of combinations 
and/or proportions to account for his ability 
to master many of the scientific-reasoning tasks 
he and Inhelder have given to this age group, 
such as problems involving the determination 
of the chemical properties of an array of iden- 
tical-looking liquids, the discovery of the met- 
rical regularities mvolved m the projection of 
shadows, and also — as we shall see— certain 
probability problems (Inhelder and Piaget, 
1958, Piaget and Inhelder, 1951). 

Jhx the specific case of combinations, Piaget 
has made a more direct probe for the child's 
understandmg (Piaget and Inhelder, 1951, 
Chap 7) The child is presented with several 
sets of colored tokens, each set of a different 
color His task is to form as many distinct, 
unhke-color pairs of tokens as he can Given 
three sets of red, blue, and yellow tokens, for 
mstance, the only possible unlike-color pairs 
would be red-blue, red-yellow, and blue-yel- 
low Piaget found that a sure and systematic 
procedure for identifying all the possible com- 
binations was seldom in evidence before the 
age of 11 to 12 years, the beginning of the 
formal-operationalperiod Other studies ( ibid , 
Chap 8, 9) showed that a similar manage- 
ment of permutation and arrangement prob- 
lems is also largely an adolescent rather than 
middle-childhood achievement 

As for proportions, Lunzer (1965b) reports 
a sharp mcrease m the ability to master verbal 
and numerical analogies problems across the 
age period 9 to 11 years These problems 
clearly have a relations-between-relations, 
proportional structure (eg, “oval-sphere- 
round-nng-diameter is to circle as cube is to 
square ”) , and Lunzer argues that this fact ex- 
plains the concrete-operational child’s diffi- 
culty m coping with them J 
Bruner and Kenney (Bruner, Olver, and 
Greenfield, 1966, Chap 8) have done a par- 
ticularly ingenious developmental study of 
this concept Children of 5, 6, 7, 9, and 11 
years were presented with pairs of glasses 
containing water, and asked to judge which 
glass is fuller and which glass emptier The 
glasses m each pair varied systematically on a 
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number of dimensions their absolute height 
and diameter, the absolute height of their 
liquid column, the degree (proportion) to 
which they are full and empty They found 
that younger children tend to judge solely on 
the basis of an undifferentiated estimate of 
the amount of water in the two glasses 
"fuller” or "full” means more or much water, 
“emptier” or “empty” means less or little 
water (the “much” or “little” often being in- 
dexed by the height of the liquid column 
without regard to its diameter) The 7** and 
9-year-olds also tend to have an absolutistic 
conception of fullness and emptiness, but a 
more articulated one “fuller” means the glass 
with the most filled space and “emptier” the 
one with the most unfilled space However, 
smce the same glass may show both of these 
properties (eg, the larger of two glasses, 
both half full) , these children are susceptible 
to inconsistent and contradictory judgments, 
which the younger ones escape And, finally, 
consistent with Piaget's and Lunzer's findings, 
there is a decided increase from 9 to 11 years 
of age in the number of judgments reflecting 
a proportional conception of these terms 
Lovell (1961) has replicated a number of 
Inhelder and Piaget's probability and scien- 
tific-reasoning tasks, and his data also attest 
to the formal-operational status of combina- 
torial and proportional thinking 

Probability Piaget has proposed a theory 
concerning the ontogeny of probabilistic think- 
ing (Piaget and Inhelder, 1951, pp 226-250, 
Flavell, 1963a, pp 341-347) It begins with 
an argument which the writer has summar- 
ized as follows 

In order to identify a set of phenomena as 
"chance events,” one has first to identify a set 
of phenomena which are not chance events, 
a nonchance ground against which chance 
can emerge as figure Only if cognitive proc- 
esses are developed enough to order and or- 
ganize the intrinsically certain, lawful, and 
predictable by means of rational operations, 
can things which are intrinsically uncertain, 
unlawful, and unpiedictable be apprehended 
as such Put most simply, a mind which knows 
no law can also know no lawlessness (Flavell, 
1963a, pp 341-342) 

The pre-operational child lacks such opera- 
tions and hence is generally unable to differ- 


entiate clearly between the two realms, a 
fortiori, he cannot engage in genume probabil- 
istic thinking The advent of concrete opera- 
tions first makes such a differentiation possible, 
and during the latter part of this developmen- 
tal period the child begins to tram these 
operations on chance as well as nonchance 
events, m an attempt to extract whatever 
lawfulness and predictability he can How- 
ever, concrete-operational structures are es- 
sentially inadequate for most probability 
problems, and it is not until adolescence that 
his newly attained combinatorial and propor- 
tional schemas make possible any really sys- 
tematic and effective treatment Once given 
a systematic method for isolating all the pos- 
sible combinations of a set of items, the child 
is m a position to understand the natuie of 
random processes and to think about the 
chances of obtaining certain combinations 
from the total set of possible ones Similarly, 
once endowed with a concept of proportion- 
ality, a genume quantitative comparison of 
probabilities becomes possible For example, 
only if such a concept is available can the 
child be sure that a collection of 2 red and 3 
white marbles affords better odds for drawing 
a red than does a collection of 1 red and 2 
whites, that is, that the proportion % is greater 
than the proportion M* 

^Piaget and Inhelder (1951) used a number 
of different tasks to study ontogenetic changes 
m the child's understandmg of probability 
(Flavell, 1963a, pp 343-347) In one, an ini- 
tially ordered arrangement of objects is pro- 
gressively randomized, and E tries to assess 
S' s grasp of the randomization process Other 
studies dealt with the child's ability to predict 
the kind of distribution (normal, rectangular) 
which would result from random movements 
of objects under various physical constraints, 
and with the child's reaction to the progres- 
sively more nonrandom-looking behavior of a 
crooked roulette wheel The last series con- 
sisted of lot-drawing tasks, of which that dis- 
cussed next is perhaps the most interesting 
(Piaget and Inhelder, 1951, Chap 6) 

Two logically equivalent variations on a set 
of probability-comparison problems were 
given to children of different ages The stim- 
uli were in all instances white tokens, some 
blank on both faces and some with a cross 
on one face In the one variation, the child 
is shown two small collections of these tokens, 
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although those with the ciosses aie turned 
face down, E makes sure that S is fully in- 
formed of the composition of each collection 
(eg, 1 ci oss and 3 plain in one, 2 ciosses and 
3 plain m the other) The child's task is to 
judge, m effect, which collection would moie 
likely yield a cross on a landom draw In 
the othei vanation, only a single collection is 
used, and S must decide which kind of token 
(cross oi plain) a landom diaw is more likely 
to produce The composition of the two col- 
lections in this piocedure was vaned m ways 
designed to leveal the cognitive level of the 
Ss, for example, simple ratios of 1/2 and 2/2 
(for the two collections) veisus more difficult 
ratios of 1/3 and 2/6, oi of 1/2 and 2/3 

An analysis of Ss' lesponses to the vauous 
subtasks suggested the following developmen- 
tal sequence (ages appioximate, of course) 
The youngest children (4 to 7 yeais) eithei 
entnely fail to lespond m terms of the quanti- 
tative relations involved, oi can occasionally 
do so on an intuitive basis when the peicep- 
tual dispioportions are particulaily striking 
Beginning at about 7 yeais of age, regulai 
and systematic solutions to ceitain classes of 
tasks become manifest In the case of the 
single-collection pioblem, the child now m- 
vanably selects the kind of token that is nu- 
merically superior, m the case of the two-col- 
lection pioblem, he analogously chooses the 
collection which has the most crosses m it 
What he is still unable to do, as would be 
piedictable from the proportion-concept stud- 
ies reviewed pieviously, is to judge on the 
basis of the proportion of ciosses-to-total, as 
opposed to the absolute number of crosses, 
in each of the two collections Foi instance, 
he is inclined to think that 2/4 presents better 
odds than 1/2 simply because there are more 
crosses m the first collection Toward age 11 
(i e , the end of Piaget's concrete-opeiational 
period) the child begins to reason m terms of 
the proportions m play, and he does so sys- 
tematically m the yeais following Here is an 
example of the kind of transitional thinking 
Piaget encounteied m some of his Ss The 
problem is the one just mentioned and the 
child is 9 years of age 

Here (2/4) No, its theie (1/2), because 
there is only one without a cross (Why did 
you say the other one?) Because there are two 
crosses (Well, which counts the most, two 


crosses or one without a cross?) One without 
a cross, two crosses it's the same, because 
there are two crosses and two without ciosses 
(m 2/4) (Then one of the two is easiei?) No, 
it's the same, but it's suiei here (2/4) because 
theie aie two ciosses (veiy peiplexed) (Piaget 
and Inheldei, 1951, p 166) ^ 

In a i elated study (ibid , Chap 5), the 
child's task is to pi edict the likeliest draw (of 
either one or a pan of tokens) from a bag 
containing diffeient numbers of tokens of sev- 
eral colois (e g , 15 yellows, 10 reds, 7 greens, 
and 3 blues ) Where the draw of only a single 
token is to be piedicted, this task of couise 
becomes a simple vanate of the one-collection 
pioblem just described Once again, the au- 
thois aigue fiom then data that pre-opeia- 
tional childien aie laigely incapable of assess- 
ing compaiative probabilities 

There aie thiee experiments by Amencan 
psychologists which take the Piagetian lot- 
di awing pioceduies as then point of departuie 
(Yost, Siegel, and Andiews, 1962, Davies, 
1965, and Goldberg, 1966) Although the 
piocedures and results of these thiee expen- 
ments of couise differ fiom one another on a 
number of points, there are enough similari- 
ties to pennit the following single statement 
of their collective message 

Probabilistic thinking undoubtedly under- 
goes developmental changes, as Piaget and 
Inhelder had claimed (the Davies study was 
m fact paitly normative-developmental m de- 
sign) However, at least the beginnings of 
this development occur earlier than Piaget 
and Inheldei would have us believe Theie 
are a number of "noisy” variables m the Pia- 
get and Inhelder procedures, features which 
may impede the behavioral actualization of 
what the child really knows about probability 
If one uses a testing method designed to elim- 
inate oi neutralize such variables (eg,, a 
method that relies less heavily on the child's 
verbal skills, controls for his initial stimulus 
preferences, and provides better memoiy aids 
for the composition of the collections), it can 
be demonstrated that more young children 
will behave m accordance with the event 
probabilities than will be the case with Piaget 
and Inhelder s original methods 

All three of these experiments appear to 
have been carefully designed and executed, 
and the writer is not inclined to doubt their 
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findings as such The mterpietation of these 
findings is quite another matter, howevei As 
will be seen, there are now numerous studies 
m the Piagetian liteiature attempting to show 
that some given operation enters the child's 
repertoire earlier than Piaget had claimed The 
problem which such studies bring forcibly to 
our attention is the very difficult and involved 
one of defining, both conceptually and opera- 
tionally, precisely what is meant by “having” 
an item m one's cognitive system If there 
could be agreement on just what it means to 
have “attained” any item, and on the exact 
test behavior that distinguishes attainment 
from nonattainment, the dating of cognitive 
acquisitions would be an easy matter But 
there is no such agieement m the field at the 
present time, m fact, the pioblem itself has 
not yet attracted the serious attention it de- 
serves As in the case of the term “concept” 
itself, the difficulty is of couise not in finding 
some definition (and some associated test cn- 
tenon) but m finding a principled , theoreti- 
cally based one — in effect , a leveahng and 
heuristic way of conceptualizing the question 
A latei section of this chapter is devoted to 
this and related matters (Developmental 
Diagnosis of Conceptual Acquisitions) In the 
present case, it can at least be said that there 
is little in the data of the afoiementioned 
three investigations that would lead one to 
conclude that the pre-opeiational child really 
“has” — to invoke that vague word again — 
very much m the way of probabilistic-think- 
ing skills (Goldbeig, 1966, Conclusions) 

As alieady indicated, these three studies 
suggest that the growth period for probabil- 
istic reasoning should be extended furthei 
toward the birth end of the ontogenetic span 
than Piaget would have it To balance mat- 
ters, theie aie three other studies which sug- 
gest that the typical level of functioning at 
the other end of this penod may be lower 
than he supposed Teachers of statistics will 
not be surprised to learn, for example, that 
untutored adults have been found to show 
rather poor intuitions about the concept of 
correlation (Smedslund, 1963d) Similarly, 
Ross has demonstiated that the leasonmg of 
adolescents and adults in chance situations is 
likely to show nonprobabilistic as well as prob- 
abilistic features (Ross, 1966, Ross and Levy, 
1958) He found, for mstance, that the “gam- 
blers fallacy” (exemplified m the belief that 


a head becomes ever more probable, m a 
com-tossmg situation, as a lun of tails grows 
longei) actually increases m frequency with 
age during the adolescent period Piaget is 
piobably light in believing that, as the child 
develops, he becomes increasingly able and 
disposed to tiam intellectual opeiations on 
probabilistic problems Not all of these opera- 
tions need conform to the tenets of probability 
theory, however, and a good number of them 
— for example, those that underlie gambler's- 
fallacy piedictions — probably will not As the 
Bruner and Kenney study so neatly illustrates 
(Bruner, Olver, and Greenfield, 1966, Chap 
8), intellectual development makes possible 
not only new truth, but also new and moie 
exotic forms of error 

THE NATURAL WORLD 
vj Objects 

Some 40 years ago Piaget made an inten- 
sive and careful study of the sensonmotor 
development of his own three children Most 
of what he discovered m this work is of sig- 
nificance foi a tieatment of concept develop- 
ment, but his findings regaidmg the infant's 
changing conception of objects (the so-called 
“object concept”) deseive particular attention 
(Piaget, 1954, see also Flavell, 1963a, pp 
129-135, and Gouin-D dearie, 1965, Chap 2) 
Accoiding to Piaget, dui mg the period of in- 
fancy the child giadually and step by step 
makes an ontological discovery of enormous 
significance for his subsequent development 
the objects that populate his woild maintain 
a permanent existence and physical integrity 
independent of his own intermittent sensory 
and motor contacts with them The child 
“has” such a concept, m other words, to the 
extent that hertacitly assumes that objects are 
no less m continued existence for being tem- 
poral lly out of receptor contact, for example, 
for having disappeared from sight behind a 
screen It is next to impossible to conceive of 
an intellectual genesis that would not pre- 
suppose either the innate or eaily acquned 
possession of this fundamental concept Con- 
sequently, any demonstration that it is m fact 
a gradual acquisition rather than an initial 
given would qualify as a most important sci- 
entific discovery. Let us begin, then, by briefly 
summarizing Piaget's account of this acquisi- 
tion 



1010 JOHN H FLAVELL 


Piaget’s Analysis of the Growth of the Ob- 
ject Concept. Piaget traces this growth within 
the 6-stage framework utilized m all of his 
descriptions of sensorimotor development The 
age range associated with each stage is in- 
tended to be approximate only 

Stages 1 and 2 (0 to 4 months) When an 
object disappears from view, the infant will 
at most fixate for a time on the position where 
it was last seen This is in itself very weak 
evidence for the lack of an object concept, of 
course, but it has significance m combination 
with what is seen m later stages 

Stage 3 (4 to 8 months) There are a num- 
ber of relevant achievements durmg this 
stage, of which two are perhaps the most in- 
teresting First, the child makes a primitive 
beginnmg at regaining contact with absent 
objects by extrapolating the accommodatory 
movements made to them durmg their pres- 
ence, thus he may lean over to look for an 
object that fell to the floor rather than simply 
stare at the point where it disappeared from 
view, as would have been the case in Stages 
1 and 2, Second, he acquires the ability to 
anticipate a whole object on the basis of see- 
ing only a part of it However, his behavioi 
in this situation also testifies to the immatur- 
ity of his object concept if a sufficient fraction 
of the object shows from behmd the screen, 
he reaches for it, if this fraction is then made 
to decrease, the reaching hand abruptly drops 
More generally, it is characteristic of this 
stage that the child makes no attempt to re- 
trieve an object manually once it has disap- 
peared from view (eg, by being covered 
with a cloth), m spite of the fact that such 
activity would by this age be well within his 
physical capabilities 

Stage 4 (8 to 12 months) The child now 
regularly searches for objects which he has 
just seen move behind screens, at first only if 
already m the act of reaching for them at the 
moment of disappearance, and then without 
this restriction However, this behavior pat- 
tern — surely a milestone m the genesis of the 
object concept — remains subject to an impor- 
tant limitation, Havmg had repeated success 
at retrieving an object hidden in one place, 
the child continues to search m that place 
when the object is then hidden elsewhere, 
despite the fact that its disappearance at the 
new location had clearly been attended to 

Stage 5 (12 to 18 months) The child over- 


comes the previously mentioned limitation, 
now searching only where the object was last 
seen to disappear irrespective of what hap- 
pened on previous trials But this advance 
also contains the seeds of one further limita- 
tion the child cannot yet mfer invisible dis- 
placements, that is, further movements of the 
object after it has disappeared from view 
Thus, if E carries a small object m his closed 
hand to a given hiding place and leaves it 
there, the Stage 5 child will search only where 
the object was last seen — in E’s hand 

Stage 6 (beginning at 18 months) At the 
end of the sensorimotor penod the child be- 
comes capable of representing whole se- 
quences of invisible but inferable displace- 
ments, for example, if object-in-closed-hand is 
transported m succession to hiding places A, 
B , C, and D, the child will systematically 
search m all of them (and m the hand), as 
if he knew exactly what the possibilities were 
At this point m development, Piaget is ready 
to credit him with a full-fledged concept of the 
independent and enduring object 

Replications and Extensions of Piaget’s 
Work. For reasons we need not mention here, 
all of Piaget’s studies tend to constitute very 
powerful stimuli for replication behavior on 
the part of his reader A lack of independent 
confirmation of his infancy work, however, 
ought to make a reader exceptionally uncom- 
fortable, m view of the not overlarge sample 
of Ss (three), their relationship to the inves- 
tigator, and the casual-looking tenor of his 
observations-interventions One might have 
thought that there would have been a verit- 
able stampede of would-be confirmers (or 
disconfirmers) for this segment of his work 
However, for reasons that can only be guessed 
at (the difficulty of infant reseat ch and its 
relative unpopularity until recently), replica- 
tion attempts are just now appearing on the 
scene, and some of the best are still m prog- 
ress at this writing The most important 
questions for follow-up work on object-con- 
cept development would seem to be these 
two (1) Are the various behaviors vis-a-vis 
objects which Piaget observed in his three in- 
fants found in all normal infants? (2) Do 
these behaviors always emerge in the particu- 
lar ontogenetic sequence he described? 

There are three major replication studies, 
one completed (Goum-D6carie, 1965) and 
two still m progress (Uzgiris and Hunt, 1966a, 
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1966b, Escalona, 1966) The two projects m 
progress have as their eventual aim the con- 
struction of standardized developmental scales 
for testing sensorimotor intelligence Both are 
large-scale and extremely well-designed in- 
vestigations, and they have already yielded 
what looks like very clear and trustworthy 
evidence concerning the genesis of the object 
concept In particular, their data strongly sup- 
port three conclusions First, large samples of 
mfants regularly show the very same behav- 
ioral reactions in this area that Piaget’s three 
children did Second, standardized testing 
procedures for eliciting these reactions can be 
devised and the reactions elicited show very 
high mterobserver and (short-term) test-re- 
test reliability And, finally, the scalability of 
the test items turns out to be essentially per- 
fect, that is, virtually no children ever show 
reactions characteristic of a Iatei Piagetian 
stage while fading to have achieved those 
characteristic of an earliei one These studies 
also show promise of providing a wealth of ad- 
ditional detail about this evolution which Pia- 
get, with his limited sample, could hardly have 
obtamed For instance, Uzgrns and Hunt 
(1966b) report what may be new intermedi- 
ate or transitional reactions within Stages 5 
and 6, and Escalona (1966) presents evi- 
dence suggesting a qualitative difference be- 
tween Stage 6 performance and that of earher 
stages 

The purpose of Goum-D6carie’s (1965) 
investigation was quite different she tried to 
show chronological parallels between the de- 
velopment of the object concept and the de- 
velopment of inteipersonal-affective "object 
relations” (in the psychoanalytic sense of the 
term) Like Escalona and Uzgiris and Hunt, 
Goum-Decane’s data on the former develop- 
ment unequivocally supported Piaget’s con- 
clusions, in terms of both content and content 
sequence (the scalability of her items also 
turned out to be perfect) The data on the 
genesis of object relations and their alleged 
parallelism with object-concept development 
were also suggestive, but much less unambigu- 
ous That some such parallelism must exist 
seems undeniable, since the significant people 
in the infant's life are, at minimum, also "ob- 
jects ” It is interesting in this connection that 
Schaffer and Emerson (1964) have recently 
shown that differentiated affective attachments 
to specific human objects occur at about the 


same time the infant begins to search in 
earnest for absent objects (i e , early in Stage 
4) Finally, Woodward (1959) can claim 
credit for the earliest rephcation study in this 
area, if one is willing to accredit retardates 
as surrogate infants! She found that the order 
of difficulty of object-concept items for se- 
verely retarded older children closely corre- 
sponded to their ontogenetic order as de- 
scribed by Piaget 

We shall close this section by describing 
two recent studies of a more innovative sort, 
methodologically innovative m the case of 
Charlesworth (1966) and substantively so m 
the case of Babska (1965) Charlesworth’s 
investigation focused only on the acquisition 
of Stage 4 behavior, which he regards as the 
most important developmental step m the 
sequence His design was a combination lon- 
gitudinal and cross-sectional one, 12 of his 
58 infant Ss being retested monthly across the 
period of transition* His procedure was as 
follows S is seated m a high chair and his 
attention is drawn to a small preferred object 
on the high chair tray E thereupon cups his 
hand over the object for 2 to 4 seconds and 
then removes his hand On some tnals (Real 
Condition), the object is again visible after 
the hand is lifted, and on some (Trick Con- 
dition) it has miraculously disappeared, thanks 
to a small, foot-operated "trap door” m the 
tray The child’s behavioi throughout the pro- 
cedure is filmed with a motion picture camera 
Charlesworths Real and Trick Condition trials 
provide him with a rich and varied set of 
responses for developmental diagnosis The 
older infants could variously certify their 
Stage 4 status with behaviors such as these 
active search for the object while it is under 
E’s hand, an immediate reachmg response 
toward the object after the hand is lifted 
(Real Condition), surprise, puzzlement, 
change in affect, and active visual or manual 
search for the unaccountably missing object 
(Tnck Condition) Charles worth’s data sug- 
gest that of the two, the Trick Condition is 
m general the more sensitive measure of the 
child’s cognitive progress, A global assessment 
of S’s developmental status based upon such 
behaviors indicated that the transition to 
Stage 4 occurs at roughly 7 to 8 months, 
which accords fairly closely with Piaget’s orig- 
inal findings Charlesworth is currently ex- 
ploring the feasibility of measuring the in- 
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fant's autonomic responses jn these conditions, 
as a more sensitive indicator of the infant’s 
cognitive expectancies and his reaction to 
their violation (personal communication) 

It might be supposed that the cognitive 
accomplishments of Stage 5, and especially of 
Stage 6, entail something more than just a 
tacit belief that the out-of-sight object con- 
tinues to exist (the hteral definition of the 
object concept) Also mvolved perhaps is a 
growing sensitivity to the cues that reliably 
indicate just where m space this existence 
is or could be manifested at the place where 
the object last was seen (Stage 5) or at the 
places its conveyor “touched down” durmg 
its itinerary (Stage 6) Babska (1965) has 
studied what may be still higher develop- 
mental forms of this sensitivity Her test 
materials were sets of four grey, identical 
boxes with white cardboard covers, each 
cover exhibiting a different picture (eg, a 
hen, a horse, a womans face, and a cat) The 
child is presented with one of the boxes and 
is shown that it contams a toy The box is 
then taken away for 15 seconds, after which 
it is shown agam in company with the other 
three boxes of the set E now asks S to find 
the toy and give it to her The critical box (or 
the whole set of boxes) is changed from trial 
to trial, and the only reliable algorithm by 
which the child can always succeed m im- 
mediately finding the toy is to choose the one 
identical in appearance to that which was 
previously shown to contain the toy Success- 
ful responding thus involves selective atten- 
tion to the particular visual characteristics of 
the hidmg place on each given trial; neither 
attending to spatial-position cues nor repeat- 
ing the previous trial's correct response is an 
appropriate strategy here Babska found that 
the transition to a consistent management of 
this type of problem occurs much later than 
sensorimotor Stage 6, it occurs at around 3 
years of age Her work appears to open up a 
number of research possibilities regarding the 
cognitive skills underlying the retrieval of 
absent objects under different circumstances 
— a research area that might be titled “Be- 
yond the Object Concept ” 2 ^ 

2 An ingenious series of experiments by Bower 
(1967) has come to the author's attention since 
the completion of this chapter Bower appears to 
have demonstrated that infants as young as 2 to 


Quantity 

A great many concepts are “quantitative” 
m the sense of being susceptible to precise 
enumeration or measurement — number, 
length, area, time, velocity, etc However, 
this section deals only with the three that 
Piaget has usually subsumed under the name 
quantite substance (alternate designations 
mass, matter, global quantity), weight, and 
volume The development of these three con- 
cepts, and especially of their conservation, 
has been described m detail in one of Piaget's 
books (Piaget and Inhelder, 1941), there is 
elsewhere reported some additional evidence 
regardmg conservation of substance (Piaget, 
1952) and of volume (Piaget, Inhelder, and 
Szeminska, 1960) 

Conservation of Substance, Weight, and 
Volume We begin by briefly describing in 
turn the testing procedures used to assess non- 
conservation-conservataon of each of these 
three concepts In the case of substance, the 
procedure is as follows Two quantities of a 
given material or substance X are initially 
estabhshed as equal, by virtue of having 
identical perceptual appearance or configu- 
ration One of the two is then altered m 
some quantity-irrelevant way — for instance, 
changed in shape or divided into parts — and 
the child is asked if there is still “as much 

3 months have what could be described as a per- 
ceptual version of the concept of object perman- 
ence If an object disappears in an abrupt, dis- 
continuous way (eg, appears to “implode”), for 
example, the infant indeed acts as if it no longer 
existed for him, just as Piaget had suggested 
However, if it disappears slowly and continuously 
(eg, gradually moves behind a screen), he be- 
haves for a time as though it were still present 
or would shortly reappear Bower suggests that 
these primitive, perception-based discriminations 
regarding permanence and impermanence are 
later subordinated to conceptual rules — to the 
concept of object permanence Unlike the 3-month- 
old, the 12-month-old has come to believe in the 
continued existence of certain objects (eg, his 
mother) regardless of the psychophysical proper- 
ties of their disappearance — even when his lower- 
order, perceptual operations have given him a 
verdict of out-of-existence rather than out-of- 
sight If Bower's findings prove valid (his studies 
certainly should be replicated), they will sub- 
stantially augment and elaborate our understand- 
ing of this highly important sector of human epis- 
temological growth 
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X” (or some equivalent expression) in the 
one as m the other Several different materials 
have been used The child may be presented 
with two identical balls of clay or plasticine, 
one of which is then elongated, flattened, cut 
mto pieces, etc, prior to the conservation 
question Or he may be given two identical 
glasses containing equal quantities of hquid, 
one of which is then poured mto a narrower 
or wider glass, or mto several little glasses 
Or, as we have already seen, the contents of 
the glasses may be marbles or beads, the test 
thereby amounting to a variation on the stand- 
ard conservation of number problem (conser- 
vation of "discontinuous” as opposed — m the 
case of day and water — to “continuous” 
quantity) 

Whichever procedure is used, the physical 
transformation which E has wrought in one 
of the quantities presents S with the tempta- 
tion to mdex the relative amounts perceptu- 
ally — by noting the differential heights of 
the hquid column m the standard and com- 
parison glasses, the greater length of the 
elongated clay ball, etc — rather than con- 
ceptually — by invoking the knowledge that 
nothing has been added or taken away during 
the transformation, etc As in the number con- 
servation test, the younger, nonconserving S 
succumbs to the temptation, assesses the 
quantities m terms of some one, striking per- 
ceptual feature, and wrongly concludes that 
there is "more X” here than there, for ex- 
ample “more water” m the narrower glass 
because of its higher liquid column 

As in the area of number, we still have 
much to learn about the cognitive structure 
and content of children who do and do not 
conserve global quantity or substance It can 
at least be said that “amount” for the non- 
conserver is not yet a multidimensional affair, 
unreliably estimable by consideration of only 
a single dimension, everything points to the 
fact that the young child is quite content to 
estimate quantity (and, as subsequent sec- 
tions will show, many other physical vari- 
ables) by means of a smgle cue such as 
height In the case of substance conservation 
particularly, however, an exact intellectual 
characterization of the conserver is equally 
difficult For the present, it will suffice to 
point out two components his quantity con- 
cept need not have and, indeed, regularly 
does not have when the conservation we are 


discussing is first attained (1) There is no 
recognition that the weight and the volume 
of the transformed object — the very attributes 
by which its quantity or “amount” could be 
precisely measured — also remain invariant un- 
der the transformation (2) The concept of 
“amount” that the child first attains, and to 
which he correctly ascnbes quantitative in- 
variance m the face of all manner of irrele- 
vant physical changes, appears to be a global, 
nonmeasurable affair, not yet anchored to the 
more precise concepts of weight and volume 
In the case of weight, the matenals regu- 
larly used are the clay or plasticine balls 
After initially establishing that the two balls 
keep the arms of a scale balance horizontal 
when placed on opposite pans (and/or are 
judged equally heavy when held in the child’s 
two hands), one of them is transformed 
(change of shape or division into pieces) and 
the child is asked if they still weigh the same, 
or would continue to balance on the scale 
Two procedures have been used to assess con- 
servation of volume In the one devised earlier 
(Piaget and Inhelder, 1941, Chap 3), the 
child is shown that a clay ball placed in a 
vessel of water causes the water level to rise 
to a certain point (which E carefully marks) 
After the child agrees that a second, identical 
ball would make the water nse to the same 
height, this ball is transformed in any one of 
the usual ways and the child is asked if it 
will now take up the same amount of space 
in the water, if it will make the water rise 
to the same point In the later procedure 
(Piaget, Inhelder, and Szemmska, 1960, 
Chap 14), 36 small metal cubes are arranged 
and rearranged to make different “houses” 
and the child is asked if all these houses have 
the same amount of “room” in them The 
same matenals have also been used m the 
older procedure for comparative purposes the 
little cubes are put in a vessel of water and 
the child is asked to predict the height of the 
water level when the same cubes are re- 
arranged m different configurations 
According to Piaget, the child attains con- 
servation of these three concepts in an invari- 
ant developmental sequence, first substance 
(early middle childhood), then weight (late 
middle childhood), and finally volume (early 
adolescence) However, a number of studies 
by Piaget (Piaget, Inhelder, and Szemmska, 
1960) and other (Elkrnd, 1961b, 1961f, 
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1962c, Lovell and Ogilvie, 1961a, Lunzer, 
1960b, Uzgms, 1964) have shown ihat the 
mean age of volume-conservation attainment 
is very much a function of the method used 
to test for it For example, there is the finding 
by Piaget, Inhelder, and Szermnska (1960, 
Chap 14), subsequently confirmed by Lovell 
and Ogilvie (1961a), that the recognition 
that the different 'houses” constructed from 
a common set of cubes all have the same 
amount of room inside is normally acquired 
several years earlier (i e , roughly concurrent 
with weight conservation) than the recogni- 
tion that they will all cause the surrounding 
water to rise to the same level, Piaget, In- 
helder, and Szeminska refer to the former as 
the conservation of “interior volume” and to 
the latter as that of “occupied volume ” 

On the other hand, studies by Elkmd 
(1961b, 1961f, 1962c) and Uzgms (1964) 
have shown that there are some perfectly rea- 
sonable-looking versions of the volume-con- 
servation task which most early adolescents 
fail and which only an unimpressive majority 
of college students pass (Elkmd, 1962c) The 
present writer has so far been unable to find 
a wholly satisfactory explanation for the ex- 
tremely wide variation m difficulty level across 
these various tasks He suspects, however, 
that the easiest ones may really be tapping 
a slightly refined form of substance conserva- 
tion and that it is the more difficult ones 
which, despite their undoubted psychometric 
impurities, come closer to assessing what the 
individual really understands about volume 
per se and about the conditions under which 
it remains invariant 

Assuming for the moment that conservation 
of substance, weight, and volume are achieved 
m that ontogenetic order, how might this par- 
ticular order be explained? The following is 
a highly oversimplified account of Piaget's 
attempt at explanation (Piaget and Inhelder, 
1941, Piaget, Inhelder, and Szeminska, 1960, 
see also Flavell, 1963a, pp 300-303) The 
ability to conserve substance or global quan- 
tity emerges from two schemas or skills de- 
veloped early m the concrete-operational pe- 
riod On the one hand, the child becomes 
capable of multiplying relations, for example, 
imagining that the elongated ball's added 
length may be compensated by its decreased 
thickness On the other hand, he attains a 
kind of part-whole or “atomistic” conception 


of substances an intuition that a given 
amount of substance is composed of a fixed 
number of small parts or unit-amounts, which 
merely change their position in space under 
the standard transformations (in effect, a 
kind of number-conservation schema applied 
to continuous rather than discontinuous ma- 
terial) However, for vanous reasons having 
to do with his initial, egocentrically tainted 
conception of weight, the child is not at first 
ready to assume that the weight of these unit- 
amounts remains the same regardless of their 
locus within the whole, and hence there 
remam further obstacles to overcome before 
conservation can be generalized to this prop- 
erty And, finally, there are still more ad- 
vanced schemas and skills which must get into 
the repertoire before conservation of vol- 
ume becomes a possibility a clear differenti- 
ation between weight and volume and some 
grasp of their relationship within an atomistic 
conception (objects which are heavy for their 
volume are composed of dense, closely com- 
pacted units), an understanding of certain 
properties of lines and planes, which makes 
possible a metric, three-dimensional concep- 
tion of volume 

Subsequent Research on the Quantity Con- 
servations As was true m the area of number, 
Piaget's work on substance, weight, and vol- 
ume conservation has received a considerable 
amount of research attention by other investi- 
gators Some of the relevant studies on vol- 
ume conservation have already been cited 
Additional evidence will now be presented 
by means of the stratagem used m the section 
on class concepts describe a well-executed, 
prototypical study, and ring the findings of 
other investigators around its results The best 
study for this purpose (and perhaps the best 
study in the area on most counts) is that by 
Uzgms (1964) Tests of conservation of sub- 
stance, weight, and (occupied) volume were 
individually administered to 120 first- through 
sixth-grade children Four different types of 
material were used in testing for each of the 
three conservation concepts plasticine balls, 
metal nuts, wire coils, and straight pieces of 
insulated wire There were two principal find- 
ings. 

Conservation of substance, weight, and vol- 
ume are almost invariably achieved in that 
order for each of the four types of material 
Out of 120 Ss, only 8 showed a deviation 
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from this sequence on some one of the four ma- 
terials There are at least eight other studies 
that give evidence on this alleged substance- 
weight-volume sequence (m addition, of 
course, to Piaget's original positive findings, 
see Piaget and Inhelder, 1941, p 12) Of the 
eight, the data of six eithei explicitly demon- 
strate (Chittenden, 1964, Kooistra, 1965, Sigel 
and Mermelstem, 1966, Smedslund, 1961b) 
or imply (Elkmd, 1961b, King, 1963) a near- 
exceptionless sequence of acquisition for these 
concepts, whereas two (Beard, 1963b, Hyde, 
1959) apparently find numerous deviations 
from the modal order The combined evi- 
dence for the developmental gap (or, m 
Piagets lexicon, developmental decdage) be- 
tween weight and volume appears to this 
writer to be somewhat more compelling than 
that for the substance-weight dScalage (eg, 
Kooistra, 1965), and it may turn out that a 
small minority of children somehow achieve 
conservation of weight before or m rough 
synchrony with conservation of substance 
(Lovell and Ogilvie, 1960, found that a few 
children actually appeal to weight mvanance 
m justifying their substance conservation re- 
sponses ) On the other hand, the data from 
some of the more carefully designed studies 
in this area (eg, Chittenden, 1964, Uzgiris, 
1964) are very convincing, and the research 
consensus may someday be that there is m 
fact a universal sequential mvanance here, an 
mvanance at the level of cognitive-structural 
genotype as contrasted with verbal-behavioral 
phenotype 

Uzgiris’ second major finding was that there 
is a fair amount of individual inconsistency m 
level of conceptual response across task ma- 
terials, especially at certain ages Uzgms 
offers the highly reasonable suggestion that it 
is the child m a transitional phase with re- 
spect to some conservation concept who is 
most subject to vanation m performance con- 
cerning that concept as a function of specific 
features of the task situation, once the con- 
cept is well-consolidated, this situational vari- 
ability would be expected to dimmish As 
will be shown later m the chapter, this in- 
teraction, possibly age-dependent, between 
performance level and task features is scarcely 
limited to the area of quantity concepts 
Within this area, however, Beard (1963b), 
Lovell and Ogilvie (1960, 1961b), and 
Fratoomraj and Johnson (1966) have like- 


wise noted that conservation judgments are 
partly dependent on the specifics of the task 
Lovell and Ogilvie (1961b), for example, 
have shown that weight conservation judg- 
ments may be importantly influenced by the 
kind of transformation pei formed upon the 
materials many children who recognized that 
the weight of an object is not altered when 
its shape changes still believed that making 
it harder or softer (water cooled until it 
turned to ice, hard butter ^flowed to soften, 
etc ) would change the weight 

It must be obvious that the research ques- 
tions posed by Uzgiris and these other invest- 
igators are not the only ones, nor the only 
important ones, that might be asked about the 
ontogenesis of quantity concepts There is, for 
instance, the vital problem of identifying the 
cognitive antecedents or “ingredients” of these 
various conservation concepts and, once iden- 
tified, of determining their necessary- versus 
sufficient-condition status as “causes” of these 
concepts However, this and other important 
problems are also better deferred to later 
chapter sections, so that they may be given 
a more general treatment Suffice it to say 
here that Piaget's account of the cognitive 
acquisitions underlying these particular con- 
servations has already come under fire (eg, 
Bruner, Olver, and Greenfield, 1966, Lunzer, 
1960b), and that there are a number of vex- 
ing methodological and theoretical problems 
involved m trying to decide what constitutes 
adequate research evidence on this sort of 
developmental question One final investiga- 
tion is worth citing if only because it can 
scarcely be well known as yet In an un- 
published doctoral study (1965), Anderson 
has found an increase from grades 3 through 
6 in childrens disposition to utilize atomistic 
conceptual models to explain the attributes 
and behavior of vanous natural phenomena 
such as water 

Space 

This section reviews studies of the develop- 
ment of such spatial concepts as the conser- 
vation and measurement of length, distance, 
and area As with previous topics, Piagetian 
or Piaget-inspired studies come close to ex- 
hausting the significant research literature in 
this area 

Piaget’s Theory and Research on the De- 
velopment of Spatial Concepts, Piaget makes 
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a rather sharp distinction between the percep- 
tion and representation of space (Piaget and 
Inhelder, 1956) The theory and research un- 
der discussion concerns representation rather 
than perception the evolution of the child’s 
intellectual representations and operations 
with regard to the spatial world — develop- 
mental changes m “how the child thinks about 
space” (ibid, p xn) His theory makes sev- 
eral claims about this evolution, of which the 
following two are held to be particularly 
important First, an adult’s cognitive repre- 
sentation of space derives from an ontoge- 
netic history of actions performed upon ob- 
jects, rather than from a history of direct 
perceptual 4 readings” of their properties, the 
way we eventually come to apprehend our 
spatial surroundmgs is thus primarily a func- 
tion of past doings rather than past seeings 
Second, not all the various spatial-geometric 
properties are acquired at the same time In 
particular, topological properties (proximity, 
order, etc ) are said to be attained first, and 
then to provide a developmental foundation for 
later-acquired projective (perspectives, etc ) 
and Euclidean (rectilinear coordinates, etc ) 
properties 

Special theoretical and research attention 
has been given to the mastery of Euclidean 
concepts (Piaget and Inhelder, 1956, Part 3, 
Piaget, Inhelder, and Szemmska, 1960) The 
following passage describes what Piaget be- 
lieves to be one of the major intellectual com- 
ponents of this mastery 

What the child needs eventually to estab- 
lish — and does not at first possess — is a picture 
of space as a kind of all-enveloping container 
made up of a network of sites or subspaces 
Within the contamer are objects, the things 
contained, which move from site to site, now 
occupying or filling a given site, now leaving 
it unoccupied and empty Measurements of 
various lands can be made within the con- 
tainer without regard for whether the sites 
along which the measurements occur are oc- 
cupied or not For example, the straight-line 
distance from me to you is the same whether 
or not the space between us is occupied by 
objects, whether or not the intervening spatial 
sites are filled or empty. Similarly, if I slide 
a block of wood along the table, the metric 
value of the space it occupied before the 
movement (its length, its surface area, its 


volume) is precisely equivalent to that of the 
space it presently occupies, even though the 
former is now empty and the latter is now 
filled In short, the child has finally to conceive 
of space as a medium which is homogeneous 
throughout from the point of view of mea- 
surement, m spite of its heterogeneity as re- 
gards filled versus empty subspaces or sites 
(Flavell, 1963a, p 335) 

The two Piaget volumes cited above report 
some three dozen developmental studies, and 
it is obviously impossible to summarize them 
all here Several deal with the acquisition of 
various topological concepts (Piaget and In- 
helder, 1956, Part 1) In one, Piaget and 
Inhelder claim to show that the child can dis- 
tinguish, m both tactual discrimination and 
graphic reproduction task settings, topological 
features (e g , a closed versus an open ring) 
earlier than he can discriminate Euclidean 
features (eg, a square versus a triangle) 
Several other studies point up the child’s ini- 
tial difficulties with the topological property 
of order or sequence, for example, his inabil- 
ity to invert an order and to transform a cir- 
cular order into a simple linear one. These 
experiments on spatial order have a better- 
known ancestor, reported in an earlier book 
(Piaget, 1946b) E slides three different-col- 
ored wooden balls into, say, the left-hand 
openmg of a tunnel m a particular order (A, 
then B, then C), and then asks S a series of 
questions In what order will the three balls 
exit at the right hand end of the tunnel 
(ABC)? In what order would they reemerge 
on the left side ( CBA )? What will be the 
order of appearance on the right side when 
the whole tunnel is rotated 180° (CBA), or 
360° (ABC), etc? Pre-operational children 
tend to have problems with all but the first 
question, and occasionally even predict that 
the middle ball (B) will emerge first under 
one or another of the experimental conditions 
Above all, they seem to lack any sense of a 
rule system governing the occurrence of direct 
versus inverse orders under the various ro- 
tations and directions of exit. 

Another group of studies dealt with the 
acquisition of projective-geometric properties, 
especially with the child’s growmg awareness 
that a given object or array of objects has a 
different visual appearance when looked at 
from different viewpoints, and that its appear- 
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ance from any given perspective may be 
“computed” from the cues presented (Piaget 
and Inhelder, 1956, Part 2) Consideration of 
this research will be deferred to the section 
titled Psychological Concepts, however, since 
the behavior in question can equally be con- 
strued as in instance of social-psychological 
(i e , role-taking) cognitive activity 
The list of investigations centering on Eu- 
clidean-geometric acquisitions is much longer 
The concept of an iterable (i e , capable of 
repeated application) measurement unit is 
seen as one of the crucial mediators of opera- 
tional progress in this area (Piaget, Inhelder, 
and Szeminska, 1960, Chap 15) Reminis- 
cent of the atomistic view of substance de- 
scribed in the previous section, it refers to the 
view that a given length (distance, area, vol- 
ume) is potentially divisible mto equal, unit 
part-lengths of arbitrary size, the total length 
thus being precisely measurable by repeatedly 
(iteratively) displacing one of these units 
along its entire extent The following experi- 
ment nicely illustrates the developmental 
growth of this concept (ibid , Chap 2) The 
child is shown a block tower and asked to 
build another one of the same height Condi- 
tions are so arranged that measurement is 
necessary for exact replication (e g , the child 
cannot see the model while actually construc- 
ting the duplicate and the blocks available 
for the duphcate are of a different size than 
those used m the model), and various-sized 
sticks and paper strips are put at the child's 
disposal The behavior of Piaget's Ss on this 
task yielded a rich sequence of developmen- 
tal stages and substages, among which the 
following are particularly revealing The basic 
transitivity property inherent in all metric 
comparisons eludes the youngest children, 
that is, that the establishment of A (the 
model tower) = B (a stick of the same 
length), and B = C (the duplicate tower), 
permits the certain inference A = C This 
failure to utilize spontaneously a common 
measure recalls the developmental evidence 
on transitivity of symmetrical relations pre- 
sented in an earlier section of this chapter 
(Relations) Also, only toward the middle of 
the concrete-operational years do children 
have a conception of length that allows them 
to utilize a stick or strip shorter than the 
model as an iterable unit measure — “the 


tower I must build is exactly three-sticks- 
plus-this-much-leftover high ” 

Possession or nonpossession of this unit- 
parts schema almost certainly influences die 
child's response to some of the conservation 
of length problems Piaget has mvented (ibid , 
Chap 5) He has shown, for example, that 
young children fail to maintain an initial judg- 
ment of length equivalence when one of two 
originally identical strips of paper is cut into 
pieces and the pieces are set end to end to 
form a jagged line, the reason is that they 
attend only to the endpoints of the line, rather 
than to its constituent part-lengths (the se- 
quence of pieces) 

The schema of empty and filled subspaces 
described in the preceding quotation is also 
thought to mediate conservation of length 
( ibid , Chap 4) and, especially, conservation 
of distance ( ibid , Chap 3) As to conserva- 
tion of length, Piaget has shown that two 
identical sticks of wood initially judged to be 
of equal length when placed side by side so 
that their ends coincide are, incredibly, no 
longer so judged by the young child when E 
slides one ahead of the other The child ap- 
pears to focus his attention solely on the lead- 
ing edge of the stick that was moved, failing 
to note that the space which this front edge 
fills is equal to the space which its hmd edge 
vacates Conservation of distance is assessed 
by placing two objects at a certain distance 
from each other, having the child globally 
code this distance (e g , “they are far apart”), 
and then asking him if they are “still just as 
far apart” after a cardboard screen is inter- 
posed between them There is a stage m de- 
velopment when the child thinks the distance 
is now less than it was because he does not 
“count,” as part of the total distance, the 
space occupied by the screen If a small win- 
dow is put in the screen, for instance, the dis- 
tance between the objects is actually thought 
to increase when the window is open and 
dimmish when it is closed! 

Other studies deal with the apprehension 
of two-dimensional rather than one-dimen- 
sional Euclidean space In one of these inves- 
tigations, an assessment was made of the ex- 
tent to which the young child “sees” objects 
as embedded m a two-dimensional spatial 
framework — the Euclidean “grid” of horizon- 
tal and vertical coordinates (Piaget and In- 
helder, 1956, Chap 13) In the case of hon~ 
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zontal coordinates, for example, the child is 
shown a glass jar with colored water in it and 
asked to predict (eg, gesturally) the spatial 
orientation of the water level when the jar is 
tilted m various ways At one stage, the child 
systematically predicts that the water line will 
remam perpendicular to the sides of the jar, 
regardless of how the jar is tilted — he appears 
to represent the water level with reference to 
a local and immediate rather than general- 
ized spatial framework A recent study by 
Smedslund (1963b) clearly shows that lab- 
oratory experience in actually observing the 
invariance of water level under tilt has little 
effect on the predictions of children who 
showed no signs of recognizing this invari- 
ance before training, hke other cognitive im- 
maturities Piaget has described, this one ap- 
pears to be less corrigible than common 
sense would suggest A related study by Pia- 
get, Inhelder, and Szeminska (1960, Chap 
7) showed that younger children are also in- 
sensitive to the need for taking into account 
both vertical and horizontal axes when trying 
to measure an object’s position in two-dimen- 
sional space (given a piece of paper with a 
dot on it, reproduce the exact position of the 
dot on a second piece of paper without re- 
course to superposition) , 

Conservation and measurement of area 
have been assessed by a variety of techniques 
In one version (ibid. Chap 11) the child 
was presented with two identical cardboard 
rectangles, each made up of six detachable 
squares, and was shown that the same num- 
ber of tmy wooden cubes exactly covered 
each rectangle After a square had been de- 
tached from one of the rectangles and reat- 
tached elsewhere on the same rectangle, the 
child was asked if the set of cubes would still 
exactly and completely cover it, if there was 
still the 'same amount of room” on the two 
rectangles, or similar questions designed to 
tune S m to area comparisons It is abun- 
dantly clear from this and related investiga- 
tions that young children fail to conserve area 
m the face of area-irrelevant transformations, 
again perhaps due to the absence of an at- 
omistic, unit-parts view of surfaces, wherein 
whole areas are seen as composed of little 
part areas As indicated in the previous sec- 
tion, Piaget has also done extensive research 
on three-dimensional conservation and mea- 
surement (i e , conservation of volume) 


Other Studies of Children’s Spatial Con- 
cepts There are a number of subsequent 
investigations that have made use of Piaget’s 
testing procedures (or variations thereof) m 
this developmental area Three are "omnibus” 
replication studies, employing a whole battery 
of Piaget’s tasks for the express purpose of 
checking his results (Dodwell, 1963, Lovell, 
1959, Lovell, Healey, and Rowland, 1962) 
More focus on one or a few of his procedures, 
for replication or other purposes (eg, Beilin 
and Franklin, 1962, Braine, 1959, Charles- 
worth, 1962, Peel, 1959, Pratoomraj and 
Johnson, 1966, Rivoire, 1962, and a number 
of training studies, such as that by Smeds- 
lund, 1963b, cited above) 

As always, it is very difficult to summarize 
in a few sentences the results of such a het- 
erogeneous body of research Generally, these 
investigators seem to find roughly the same 
varieties of age-related immature, transitional, 
and mature cogmtive responses that Piaget 
found Quite often, however, they report dif- 
ferences m major and minor detail m mean 
ages of acquisition, ease of response classifica- 
tion, observed frequency of response types, 
intertask and mtrachild inconsistencies which 
Piaget would not have led us to expect, and 
the like As an example of this last, Beilin 
and Franklin (1962) found that conservation 
and measurement of length is definitely 
achieved earlier than the coresponding opera- 
tions m the case of area, whereas Piaget, 
Inheldei, and Szeminska (1960, pp 285-300) 
had believed them to be developmentally 
synchronous Several studies lend at least 
qualified support to Piaget’s hypothesis that 
topological properties are mastered earlier 
than projective and Euclidean ones (Dodwell, 
1963, Lovell, 1959, Peel, 1959, Rivoire, 
1962) However, the present writer believes 
that much more careful, parametric experi- 
mentation will be needed before the validity 
— and certainly the generality — of this partic- 
ular developmental sequence is firmly estab- 
lished 

Several studies extend, supplement, or 
modify Piaget's research and theory m the 
domain of spatial representation Vmh Bang 
(1965a, 1965b) and Lunzer (1965a) have 
both tested children’s conservation-nonconser- 
vation judgments regarding bounded surfaces 
that are made to vary in shape, in some con- 
ditions, the perimeter is kept constant under 
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the shape transformation with the area chang- 
ing, m others, the perimeter varies while the 
area is kept the same True to type, younger 
children tend to conserve neither area nor 
perimeter in the face of these perceived 
changes The interesting finding, however, 
was that many older (concrete-operational) 
children systematically asserted the contin- 
ued invariance of both perimeter and area 
(wrongly so for one or the other, of course, 
dependmgupon the experimental condition) — 
a land of overgeneralization of the conserva- 
tion strategy Vinh Bang’s interpretation of 
this finding seems a reasonable one “Once 
the concept of conservation is acquired, the 
child of 8-9 years thinks that invariance m 
one domam implies invariance in another, 
especially when the domains are related, as 
m the case of a perimeter and the area it gen- 
erates” (1965b, p 58) The aforementioned 
paper by Lunzer (1965) also makes the in- 
triguing suggestion that the child may develop 
an earlier and a later operational conception 
of length, closely km to the previously made 
distinction between “interior” and “occupied” 
volume (Piaget, Inhelder, and Szemmska, 
1960, pp 374-376) For a commentaiy on 
these and other recent Genevan studies on 
spatial concepts, see Piaget (1964b) 

Middle childhood seems to be the favored 
epoch for the attainment not only of “conser- 
vation” (and occasionally “overconservation,” 
so it now appears) but also of something 
which Beilm (1964, 1969) describes as 
“quasiconservation ” Imagine that the child is 
shown the two identical cardboard rectangles 
used in the area conservation task described 
earlier, but after, rather than before, one of 
the six detachable squares has been removed 
from its original locus and reattached m a 
different place on the same rectangle We 
then ask him if the two pieces of cardboard 
have the same area (not if they still have the 
same area, as in the ordinary conservation 
procedure, because he of course had not seen 
them m their initial, perceptually identical 
state) Although the two cardboards may not 
appear equal in area under these circum- 
stances, it is possible to infer that they are, 
either by mentally relocating the itinerant 
square at its original position to reconstitute 
an intact rectangle (a “translocate solu- 
tion), or by simply counting the squares in 
each figure (an “iterative” solution) Such is 


the essence of Beilin’s area quasiconservation 
task His data suggest that it tends to be mas- 
tered at a later age than is the corresponding 
conservation task Beilin’s (1969) explana- 
tion for this age difference is that quasicon- 
servation inferences requiie more cognitive 
initiative on S’s part, smce there has been no 
perceived tiansfoimation from initial identity 
that might suggest to the child the nature of 
the problem and of its solution (eg, the in- 
verse operation of translocation) 

Recent work by Braine and Shanks ( 1965a, 
1965b) on children’s reactions to illusory size 
and shape changes has led to an important 
hypothesis regarding the nature and origin of 
conservation Their data mdicate that it is 
not until about age 5 that children become 
capable of distinguishing between real and 
phenomenal properties of objects, foi example, 
the recognition that one object may look 
(phenomenal) bigger than another and yet 
not really be (real) bigger Braine and Shanks 
propose that the acquisition of the real-phen- 
omenal distinction is a necessaiy precondition 
for conservation and may, for certain conser- 
vations tested for under certain task condi- 
tions, also prove to be a sufficient one Given 
the structure of the conservation task, it is 
hard to imagine how at least the initial, nec- 
essary-condition part of this proposal could 
be wrong Other relevant investigations in the 
area of spatial concept development are those 
by Drake (cited m Bruner, Olver, and Green- 
field, 1966), Huttenlocher (1967), Lord 
(1941), Meyer (1940), and Piaget (1963, 
pp 9—10, 40—41) 

Time, Movement, and Velocity 

One might assume that developmental 
progress in these three conceptual domains 
would show numerous interactions and syn- 
chronisms, given their definitional interde- 
pendencies, and Genevan theory and research 
here has m fact proceeded from just this as- 
sumption Thus it is that Piaget’s volume on 
movement and velocity (1946b) is legarded 
as the direct continuation of his book on tem- 
poral concepts (1946a), the two together 
comprising an extensive research report of 
about 20 developmental studies (see also 
Flavell, 1963a, pp 316-326, Fraisse, 1963) 
This section will begin with a sketch of his 
views concerning the developmental construc- 
tion of these concepts 
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Piaget’s Developmental Analysis of Time, 
Movement, and Velocity Concepts. According 
to this analysis, the young child’s intellectual 
representations of time begin by bemg thor- 
oughly confounded with his representations 
of space He tends to confuse successions of 
events m tune and the resulting temporal in- 
tervals between these events with their spatial 
counterparts, that is, with the sequence of 
spatial points traversed in a movement and 
the spatial intervals or distances between 
these points One way to demonstrate this 
confusion experimentally is to elicit compara- 
tive temporal judgments regarding two move- 
ments which are simultaneous and spatially 
parallel, but proceed at different velocities 
and hence cover different distances The young 
child is very likely under these circumstances 
to deny the simultaneity of their starting and 
stopping, as well as the equality of the in- 
tervening temporal durations, because he mis- 
takenly rehes on purely spatial cues the fact 
that the starting or stopping spatial positions 
of the two movements do not coincide, and 
that the spatial intervals traversed by each 
are not equal As Piaget interprets such evi- 
dence, the young child implicitly regards each 
individual movement as having its own “local 
time” (1946a, p 273), unrelatable to those 
inherent in other movements One of the 
child’s major developmental tasks therefore is 
to construct something analogous to the gen- 
eral Euclidian framework described m the pre- 
ceding sections an all-encompassing, “homo- 
geneous time” ( ibid , p 273) within which all 
movements proceed in common, and thus 
within which all movements can be ordered 
and compared on a common temporal basis 
The child’s early conceptions of movement 
and velocity are equally discrepant from those 
he will eventually attain Initially, both phe- 
nomena are mdexed solely in terms of the 
perceived endpoints of spatial motions In the 
case of movement, such indexing sheds further 
light on how the young child conceptualizes 
distance (see the previous section) one ob- 
ject is said to have moved further than an- 
other if it ends up ahead of the latter, re- 
gardless of the actual distances traversed 
Similarly, accurate velocity comparisons are 
made only if the child can actually see one 
object pass, or end up ahead of another If 
the passing occurs out of the child's sight, he 
is wholly unable to utilize the available time 


and distance information to judge their rela- 
tive speeds 

The forgomg analysis of the pre-operational 
child’s capabilities m the areas of time, move- 
ment and velocity implies that there is much 
developmental work for him to do in succeed- 
ing years The following is a paraphrase of 
the experimental topics treated m the two 
books, giving a fair idea of what Piaget thinks 
this work includes 

In the case of time, there is first of all a 
conceptual grasp of temporal order of suc- 
cession and of the temporal intervals between 
succeeding temporal pomts — analogous to the 
ordinal and cardinal aspects of number, re- 
spectively Other achievements include an un- 
derstanding of temporal simultaneity, addi- 
tivity and associativity of temporal intervals, 
the measurement of time through the con- 
struction of the temporal unit, and finally, 
what Piaget calls “lived” time , including 
the concepts of age and of internal, subjec- 
tive time In the case of movement, there are 
the concepts of spatial order, composition of 
displacements in space (distances), and rela- 
tive movements And for velocity, there is 
the notion of the time-distance relation and 
its ultimate measurement m a variety of sit- 
uations in successive versus simultaneous 
movements, for uniform versus accelerated 
motion, and m the case of relative velocities 
[the velocity of one object relative to that of 
another, simultaneously-moving object] (Flav- 
ell, 1963a, p 318) 

Piaget’s Research on the Genesis of Time, 
Movement, and Velocity Concepts One of 
Piaget’s experiments well illustrates the young 
child’s difficulty in keepmg temporal estimates 
uncontammated by spatial ones (Piaget, 
1946a, Chap 3) The child is shown two par- 
allel “race tracks” on which two little “men” 
run Starting even, one of the men runs a 
certain distance (call it a distance of 4 units) 
while the other one simultaneously runs a 
shorter distance (1 umt) Immediately there- 
after, the second man runs again (1 more 
umt, say), while the first remains in place 
Thus the facts are that the second man ran 
for a longer period of time and stopped run- 
ning later than the first, whereas the first man 
ran the greater distance and ended up ahead 
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of the second Here is a 5j4-year-old who in- 
terprets the situation differently 

“What did you see? — The yellow one (I) 
stopped and the other one (II) walked again 
— Then which one stopped first? — The blue 
one (II) — Which first [ E used “en premier” 
rather than “d’abord” in repeating the ques- 
tion]? — The blue one (II) — Which one 
walked for the longest time? — The yellow one 
(I) — Let’s say that this one (I) stopped at 
noon Now look, did this one (II) stop at 
noon too, or before, or after? — Before — at 
noon ” As a control procedure, we make the 
two movements go m opposite directions Both 
I and II leave from pomt A, but I goes to D 1 
on the right while II simultaneously goes to 
B 2 on the left, II then continues on to C 2 All 
questions are now correctly answered I “stops 
first” and II “walked the longest” (ibid , p 
91) 

Spatiotemporal undifferentiation also 
plagues the pre-operational child’s judgments 
about “lived” (versus “physical”) time ( ibid , 
Part 3), as the following study illustrates The 
child is shown two series of pictures repre- 
senting the year-by-year growth of two fruit 
trees One of the trees is planted a year 
after the other but, growing at a faster rate, 
eventually outstrips the first in size, quantity 
of fruit, etc Young children tend to judge 
this tree to be the older of the two, disregard- 
ing their knowledge that it was planted later 

Other investigations have dealt with the 
child’s growing understanding of the metric 
properties of time, for example, that temporal 
intervals can be divided into submtervals 
which exhibit the properties of additivity and 
associativity For instance, the child only grad- 
ually comes to realize that two durations must 
be equal if their component subdurations are 
equal (additivity), and the same is true for 
the equivalence (A + B) + C = A + (B + 
C), where A, B, and C are temporal mteivals 
which occur in sequence (associativity) 

The best known study in the movement 
category was described m the previous sec- 
tion (mversion of spatial order under 180°, 
360°, etc,, rotations) The others largely con- 
cerned the concept of distance, with the usual 
emphasis on the development of a metric, 
sum-of-umts view of this property (Piaget, 
1946b, Fart 2) Tasks requiring an under- 


standing of relative movements prove to be 
particularly difficult for children a snail moves 
along a board at the same time that the board 
moves along a table, m the same or opposite 
direction from the snail’s movement, deter- 
mine the net distance that the snail moves in 
relation to the table Correct solutions to this 
problem do not occur m force until around 
11 to 12 years of age, and there are reasons 
to suppose that the requisite mental opera- 
tions are formal rather than concrete ( ibid , 
Chap 5) 

As for velocity, the writer has previously 
described one set of Piaget’s investigations m 
the following way 

The first several experiments all bear on a 
single point that children initially reduce 
velocity to an intuition of order and changes 
of order, i e , that object traveled faster which, 
initially behind another, caught up to it and 
ended up ahead We shall summarize these 
experiments by describing the typical reaction 
of the younger subjects to the velocity prob- 
lem each experiment presented When two 
parallel and simultaneous movements of un- 
equal speed and distance take place inside 
tunnels, so that the child cannot see the faster 
one gaming on the slower one, the child thinks 
they traveled at equal speeds When two si- 
multaneous movement^ of unequal velocity 
and distance begm at a common point and 
end at a common pomt (the longer and faster 
one taking an angled or sinuous itinerary 
and the shorter and slower one following a 
straight-line path), the child believes the ve- 
locities were equal When simultaneous move- 
ments proceed along concentric circles (the 
movement along the larger circle being of 
course faster), the child asserts equality of 
speed When one object starts its movement 
at the same instant as a second but from a 
position considerably behind it, the young 
child will say it traveled faster if it ends up 
m front of the second when they both stop, 
but not if it ends up parallel to or just behind 
the second (in all three cases its actual speed 
was considerably greater than the second’s), 
If two objects make parallel movements of 
equal distance, one starting before the other 
in time but both terminating simultaneously 
(termination points superimposed), the child 
either thinks the speeds were equal or else 
that the one which started first went faster, 
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since it initially "passed” the (stationary) 
second one in the beginning of its movement 
(Flavell, 1963a, p 324) 

Children solve such problems with dispatch — 
but only once m possession of the necessary 
inferential machinery 

Ner (8, 11) "The big one goes faster [the 
object travelling along the larger circle m the 
above-mentioned concentric circle problem] 
— Why? — Because it makes more of a trip m 
the same time” (Piaget, 1946b, p 141) 

Other experiments dealt with the child’s un- 
derstanding of relative velocity, acceleration, 
quantification of speed, and the like Similar 
to the experiment on relative movements, 
most of the tasks used here seem to require 
something moie than concrete-operational 
thinking for their solution 

Other Studies. There appear to exist only 
two broad-scale replications of Piaget’s re- 
search m these areas, both by the indefatigable 
Lovell One systematically repeated about a 
half dozen of Piaget’s studies on time con- 
cepts (Lovell and Slater, 1960) , the other did 
the same for virtually all of his velocity ex- 
periments (Lovell, Kellett, and Moorhouse, 
1962) Predictably, these investigators ob- 
served roughly the same kmds of age-depen- 
dent immature and mature responses to these 
various tasks that Piaget found, and also the 
usual intertask variability in difficulty level 
The congruence with Piaget’s developmental 
findings appears to be particularly marked in 
the Lovell, Kellett, and Moorhouse study 
With the exception of the one on spatial order 
(see Charlesworth, 1962), the small group of 
Piagetian experiments on the concept of move- 
ment appear not to have been systematically 
replicated yet 

Although only Piaget and his followers seem 
to have studied the growth of movement and 
velocity concepts, there exists a considerable 
extra-Piagetian literature on the development 
of temporal thinking (eg, Ames, 1946, Brad- 
ley, 1947, Friedman, 1944a, 1944b, Oakden 
and Sturt, 1922, Springer, 1952, for reviews 
of this literature, see Fraisse, 1963; Jahoda, 
1963a) It would be difficult to review most 
of this work with any enthusiasm, however. 
Largely atheoretical m orientation, these stud- 
ies tend to focus on certain obvious and highly 


phenotypical expressions of the child’s grasp 
of fame his growing ability to cope with 
clock, calendar, and historical sequences, his 
evolving comprehension and utilization of fame 
words ("yesterday,” "next year,” etc), and 
the like The results of these various studies 
do accord reasonably well with one another, 
and hence developmental generalizations 
about such behaviors can be made (see Ja- 
hoda, 1963a, for examples) The problem 
rather lies in trying to give these generaliza- 
tions any theoretically interesting and mean- 
ingful interpretation On the other hand, 
Fraisse’s book (1963) provides an excellent 
survey and analysis of developmental changes 
— Piagetian and non-Piagetian, perceptual and 
conceptual — in this area Although his views 
on the developmental psychology of fame do 
not coincide with Piaget’s on all points, their 
differences do not appear to be substantial 
enough to warrant review here 

Causality and Related Concepts 

Previous chapter sections have reviewed 
studies of the child’s developing conceptuali- 
zation of certain measurable properties of the 
natural world’s objects and events, properties 
like weight, length, area, fame, and velocity 
One might equally inquire mto his evolving 
views about these objects and events them- 
selves, as particular phenomena m that world 
For example, how do children of different 
ages mterpret the nature, ongm, and activity 
of specific natural entities like shadows, night, 
sun, clouds, birth, life, death, and so on? 
There is a potential danger in posing such 
questions, however, since the number of in- 
vestigatable entities here is practically inex- 
haustible A determined but unreflecfave em- 
piricist could readily find himself enmeshed 
in a multilifetime effort to trace the develop- 
mental course of this, that, and a hundred 
other specific concepts A research program 
of this kind would be as poorly conceived as 
it is unfeasible, smce its scientific yield would 
likely be very meager A far better strategy 
would be to assess children’s conceptual re- 
actions to some carefully selected subset of 
the possible entities for the express purpose 
of diagnosing the nonspecific (1 e , to any par- 
ticular entity) cognitive traits that underlie 
these reactions This kind of strategy is a 
sensible one for any research enterprise, of 
course, but it is especially important where — 
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as in the present case — the nsk of scientific 
nit-picking is particularly great 

Piaget’s Theory and Research on Children’s 
Causal Explanations. Early in his career, Pia- 
get did a number of studies in which he elic- 
ited children’s verbalized interpretations of 
diverse natural phenomena (1929, 1930) 
His scientific strategy was essentially the one 
just outlined treat the child’s particular in- 
terpretations of particular phenomena as 
symptomatic expressions of deeper-lying and 
more general cognitive tendencies — expres- 
sions of his “spontaneous attitude of mind” 
(Piaget, 1929, p 123) The underlying tend- 
encies or “attitudes” were conceived as exist- 
ing at two levels At the upper level are the 
child’s tacit causal (initially “precausal”) no- 
tions, it is these notions which at least partly 
determine how he answers Piaget’s questions 
about various physical-biological phenomena 
(shadows, life, etc ) At the lower level, and 
m turn mediating his concept of causality, is 
the child’s position on the developmental con- 
tinuum from egocentric to socialized thought 
Thus the child’s ideas about causality are seen 
as a crucial intermediary between his implicit 
view of the natural world and the funda- 
mental orientation of his mind It is for this 
reason that there is much on children’s world 
views in Piaget’s The Childs Conception of 
Thysicd Causality (1930) and much on their 
causal thinking in his The Childs Conception 
of the World (1929) 

The gist of Piaget’s developmental theory 
here can be summarized as follows (Piaget, 
1929, 1930, see also Flavell, 1963a, pp 279- 
290, Laurendeau and Pinard, 1962, Chap 
1) An important manifestation of the young 
child’s cognitive egocentrism is a relative un- 
differentiation between self and world, sub- 
jective and objective, psychological and phys- 
ical When his mind is directed toward 
genuinely psychological phenomena, this un- 
differentiation leads him to substantiate or 
“physicalize” these phenomena (a cognitive 
disposition which Piaget refers to as realism) 
Thus, for instance, dreams are initially con- 
ceived as external, palpable realities, poten- 
tially visible to others When the child’s mind 
turns to the realm of the genuinely physical, 
this same lack of differentiation leads him to 
the opposite kind of contamination, with psy- 
chological properties intruding into his con- 
ceptions of physical-natural phenomena It is 


this tendency to "humanize” the inorganic 
world that gets expressed m the variety of 
precausal “-isms” familiar to Piaget leaders 
Examples are animism — the attribution of life 
and consciousness to inanimate objects, dyna- 
mism — the attribution of humanlike energy, 
strength, and capacity for spontaneous move- 
ment to such objects, finalism — explanations 
couched m terms of anthropocentric functional 
purpose (boats float so that people can ride 
on them), and artificiahsm — the positing of a 
human or (humanlike) divine architect to ac- 
count for the origin of natural objects and 
events (if lakes are thought to be dug by men, 
the belief is artificiakstic, if they are thought 
to exist for man’s use and convenience, the 
belief is finalistic both beliefs may, of course, 
coexist in the same child) 

The data base for these categories of pre- 
causal explanations was a series of interview, 
question-and-answer studies with children of 
various ages These studies are probably fa- 
miliar to most readers, and we shall simply 
allude to a few of the more salient findings 
Young children may attribute life and con- 
sciousness to a number of inanimate objects, 
especially if they regularly show movement 
(eg, wmd and bicycles) Subsequently, these 
traits are restncted to entities whose motion 
is self-engendered (wind, but not bicycles) 
Artificiahstic and finalistic answers are given 
to questions about the ongms of natural phe- 
nomena like lakes, mountains, night, etc For 
mstance, night comes “so we may sleep ” The 
movement of clouds is first conceived as the 
result of human activity, with the clouds 
themselves playing an acquiescent and coop- 
erative role m the causal process ( a combina- 
tion of artificiahsm and animism) 

Replications of Piaget’s Research on Pre- 
causal Thinking. This aspect of Piaget’s re- 
search has had a much more troubled and 
uncertain career in the history of develop- 
mental psychology than have his other stud- 
ies Although there is much that we still do 
not understand about nonconservation of 
weight, say, there was not for long much dis- 
pute about its existence, as a readily elicitable 
response m young children, and about its 
decline with age In contrast, both the ex- 
istential and developmental statuses of pre- 
causal thinking have been subject to consid- 
erable controversy over the past four decades 
As Laurendeau and Pinard’s excellent survey 
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of this literature shows (1962, Chaps 2 to 4), 
some studies have failed to find any substan- 
tial amount of animistic, artificialistic, etc, 
reasoning in young children, whereas others 
report its presence m children and adults 
alike Laurendeau and Pinard believe that 
both sets of discoidant findings may be ex- 
plained away on methodological and other 
grounds, and their own study was designed 
to settle the issue Since this study appears to 
be the most thoroughgoing and careful nor- 
mative-descriptive investigation of the sub- 
ject ever done (or ever likely to be done) , we 
shall summarize its procedures and findings 
For a sample of other recent reviews and 
studies m this area, see Almy, Chittenden, and 
Miller (1966), Danziger and Sharp (1958), 
Jahoda (1958a, 1958b), Muuss (1961), Nass 
(1964), and Smith (1963) 

Elaborate questionnaires were prepared on 
five topics previously investigated by Piaget 
the concept of dream, the concept of life, the 
origin of night, the movement of clouds, and 
the floating and sinking of objects The Ss 
were 500 French-Canadian children (Mon- 
treal area) , 50 at each of ages 4, 4j4, 5, 6, 7, 8, 
9, 10, 11, and 12 The age groups were al- 
most perfectly matched on a number of po- 
tentially relevant variables (such as sex and 
parents' occupational level), and the children 
at each age level comprised a representative 
sample of the local population All Ss were 
tested individually by experimental examiners, 
either at school or at home (m the case of the 
youngest children) The children's answers to 
each of the five questionnaires were classified 
m terms of a Piagetian-type scale of develop- 
mental stages and substages Three judges 
scored each response protocol, and mterjudge 
agreement was very high 

The results of this study clearly support the 
conclusion that, when carefully questioned, 
young children do in fact give an abundance 
of the sorts of precausal explanation and in- 
terpretation reported in Piaget's early books, 
and also that these responses do in fact evolve 
and change with age in much the same way 
that he had originally described Although 
Laurendeau and Pmard's data differed from 
Piaget's m certain details, the overall picture 
is decidedly one of consensus. 

Not all the scales described by Piaget are 
found in the present classification The differ- 


ences noted are of two mam types either 
Piaget reserves a stage to answers too scarce 
or too ambiguous to characterize a real level 
of development (eg, substantial formation of 
the night by dark clouds, explanation of life 
by the usefulness of objects, etc ) , oi else he 
does not provide a particular place for certain 
answers which are in fact truly typical and 
numerous enough to correspond to a normal 
level m evolution of a concept (eg, anthro- 
pomorphism related to the concept of life, ar- 
tificialism m the explanation of the movement 
of clouds, etc ) These divergences, however, 
do not prevent a recognizable and fundamen- 
tal resemblance between our scales and those 
of Piaget In both investigations, the child's 
conception of the world develops from a level 
of pure precausality to a level of objective 
causality through intermediate steps m which 
the opposite conceptions are intermingled 
(Laurendeau and Pinard, 1962, pp 247-248) 

The writer suspects that there may have 
been at least two factors responsible for the 
prolonged distrust of Piaget's findings m this 
and related areas First, the Zeitgeist of the 
pre-1960s made for considerable resistance to 
the very idea that young minds might be 
qualitatively as well as quantitatively different 
from older minds, m die domain of causal 
reasoning or anywhere else It is simply far 
easier for us today to imagine that the young 
child's causal thinking might have just the 
characteristics Piaget attributed to it, given 
everything else we now know about pre-op- 
erational thinking in general and childish ego- 
centrism m particular (see the next section), 
one might even go so far as to say that an 
absence of qualitative differences here would 
be incongruous with our contemporary image 
of the developing child 

The second factor was probably a marked 
sense of discomfort in trying to diagnose tacit 
and subtle cognitive orientations on the basis 
of purely verbal interchanges with young 
children — organisms whose language-to-cog- 
nifcion circuits are still quite poorly engineered 
It must be admitted that such discomfort 
seems as justified now as it did m the past, 
Laurendeau and Pmard's results notwithstand- 
ing, and Piaget himself has joined the rest of 
us in sharing it In the preface to the Lauren- 
deau and Pinard book, he states 
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In this respect, I must confess that had I 
been consulted, I would perhaps have at' 
tempted to dissuade my friends from such a 
return to precausality, not because I no longer 
believe in it, but because today verbal thinks 
mg seems to me marginal to real thinking 
which, even though verbalized, remains until 
about eleven or twelve years of age centered 
upon action (p xn) exclusively verbal 
thinking therefore no longer seems to be suf- 
ficient for the investigation of the child's 
thinking it provides a senes of instructive 
indications, which must, however, be related 
to other findings denved from operational 
tests proper (p xm) 

How could one mvestigate the child's causal 
orientation without asking questions about 
perceptually absent and, to the child, un- 
doubtedly recondite phenomena like night 
and shadows? An ingenious study by Ausubel 
and Schiff (1954) suggests one possible ap- 
proach Kindergarten, third-, and sixth-grade 
children were presented with a teeter-totter 
bearing a red wooden block on one arm and 
an identical green block on the other The 
task was to predict which arm would fall 
when released Each child had two series of 
trials, given m counterbalanced order In the 
"relevant” series, the longer arm (the one ex- 
tending farthest from the fulcrum) always 
fell, just as the laws of physics say it should 
In the "irrelevant” series, the arm which bears 
the red block regularly fell, for no explicable 
reason The kindergarten Ss learned to make 
correct predictions in about the same number 
of trials m each of the two series, whereas 
difficulty of the irrelevant senes becomes pro- 
gressively more pronounced m the two older 
groups Similarly, the learning of the irrele- 
vant cause-effect relation is harder when pre- 
ceded by the relevant series than when given 
first, but again only for the older children 
The logic of this study is similaj* to that of the 
Youmss and Furth (1965, 1966) experiments 
described earlier, make inferences about the 
child's cognitive skills and dispositions by 
seemg what he finds easier and harder to 
learn This approach has much to recommend 
it when investigating the developmental 
growth of relatively nebulous and hard-to- 
articulate concepts such as causality. 

Related Concepts There is a handful of 
studies, some developmental and some nonde- 


velopmental, dealing with children’s undei- 
standing of various biological phenomena 
sexual anatomy (Kreitler and Kreitler, 1966), 
conception and birth (Kreitler and Kieitler, 
1966, Nagy, 1953b), life (Safier, 1964, Stein- 
er, 1965), various bodily processes (Nagy, 
1953a), germs (Nagy, 1953c), and death 
(Anthony, 1939, Nagy, 1948, Safier, 1964, 
Steiner, 1965) Most of these studies rather 
smack of the overspecificity and low-altitude 
empnicism that was cautioned against at the 
beginning of this section The most significant 
contribution to the field of cognitive develop- 
ment is probably Safier's (1964) study (the 
Kreitler and Kreitler, 1966, paper has import 
for psychoanalytic theory) Safier's research 
suggests that there are some interesting par- 
allels m the child’s evolving concepts of life 
and death both are initially pervaded by the 
child’s animistic orientation, etc Death itself 
is at first conceived as reversible, subsequently 
irreversible or permanent but escapable, and 
ultimately both meversible and inevitable 

THE SOCIAL WORLD 

After surveying the research literature on 
cognitive growth a few years ago, Wallach 
had this to say about intellectual development 
with respect to the social world 

In our examination of current research on 
the development of children's thinking, we 
obviously have concentrated on the child's 
knowledge of the physical world — i e , on the 
traditional definition of thinking as reasoning, 
problem solving, and understanding, concern- 
ing the non-social environment The ex- 
tent to which thinking about the social 
environment follows similai or different on- 
togenetic patterns must remain an open ques- 
tion at this point (1963, p 270) 

The literature m this area is somewhat more 
substantial now than it was when Wallach's 
review was written, and the question he raises 
is correspondingly less open There are m 
fact some indications that the "ontogenetic 
patterns” which are going to emerge here will 
turn out to be rather similar to those found 
in other conceptual areas It is reasonable that 
this should be so The mind of the child at 
any given level of its development would 
hardly be expected to change its basic design 
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features when turning from logical-mathemat- 
ical or physical to social content We shall 
try to convey a sense of this cross-content 
homogeneity m the sections below 

Psychological Concepts 

The following passage from one of Piaget’s 
books (1954) is a good point of departure 
for this section 

Intelligence thus begins neither with knowl- 
edge of the self nor of things as such but with 
knowledge of their interaction, and it is by 
orienting itself simultaneously toward the two 
poles of that intei action that intelligence or- 
ganizes the world by oigamzmg itself (pp 
354-355) In other woids, the first knowl- 
edge of the universe or of himself that the 
subject can acquire is knowledge relating to 
the most immediate appearance of things or 
to the most external and material aspect of 
his being (p 355) 

Much of the research work already re- 
viewed m this chapter supports the general- 
ization that young children do not go beyond 
this "most immediate appeal ance of things” 
when reasoning about logical-mathematical 
and natural phenomena It is only by pen- 
etrating the phenomenal surface, for instance, 
that the child can secure a conservation judg- 
ment in the face of countervailing appear- 
ances What of Piaget’s claim that the same 
is true for the self? Developmental reseaich 
on the self-concept and related topics will be 
surveyed elsewhere m this book (see also 
Dubm and Dubrn, 1965), but there are two 
pieces of evidence from Piaget’s eaily work 
which we shall cite here First, the young 
child’s interpretations of his own psychologi- 
cal processes (notably, his daytime thoughts 
and nighttime dreams) tend to be 'realistic” 
m the technical Piagetian sense, that is, these 
processes are construed as external-objective 
rather than internal-subjective m nature 
(Piaget, 1929, also recall the corroborative 
findings of Laurendeau and Pmard, 1962, m 
the case of dreams) Second, Piaget has also 
shown (1928, Chap 4) that the young child 
is unable to gain access to his own cognitive 
processes, unable to treat his own thinking 
as an object of introspective thought 

Other human beings have features in com- 
mon with both the self and with physical 


objects Like the self, other individuals are 
sentient organisms endowed with distinctive, 
subjective-psychological properties Like non- 
social objects, they are "out there,” external 
to the self And like both, according to the 
research evidence of Piaget and numerous 
others, the child’s interpretations of them be- 
gin with surface manifestations and only 
gradually move into the psychological interior 
That is, he initially lepresents and reasons 
about those aspects of other people that are 
most accessible to direct perception, thereby 
neglecting the crucial but covert processes of 
thought, perception, attitudes, feelings, etc 
Let us briefly survey Piaget’s evidence first 
Piaget’s Research on the Development of 
Psychological Thinking. Several of Piaget’s in- 
vestigations have dealt with the child’s ability 
to represent the perceptual experience of an- 
other individual when that experience differs 
from his own (Piaget and Inhelder, 1956, 
Chaps 6, 8, 9) In the best known of these 
studies (ibid. Chap 8), the child sits facmg 
a scale model of three mountains and is tested 
for his ability to predict their appearance 
from various other peispectives (from the 
right of wheie he is seated, fiom the opposite 
side, etc ) The most interesting finding was 
that a number of the younger children kept 
confusing their own perspective with the 
others asked to find the photograph which 
represents how the mountains look from a 
given position, for example, the child tends 
to select the one that reproduces his own 
view We have already described (Relations) 
how the pre-operational child’s absolutistic 
and uniperspective egocentrism permeates his 
conceptual treatment of relational concepts 
such as "left” and "right,” "brother,” etc 
(Piaget, 1928) 

The cognitive experiences of other people 
are similarly underrepresented in the young 
child’s thinking For instance, he character- 
istically fails to pay attention to his listener’s 
receptive capacities and informational needs 
when verbally communicating with him (Pia- 
get, 1926) Because he does not monitor the 
listener’s probable reactions to what he is 
saying and frame his messages accordingly, 
these messages tend to have an unedited, 
private-speech quality about them 

Finally, Piaget’s data on moral develop- 
ment (1932) emphasize the young child’s 
insensitivity to the mner motives and inten- 
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tions of others The individual who steals a 
more costly object to give to a needy friend 
is judged more culpable by young Ss than 
one who steals a less expensive item for 
purely selfish reasons Analogously, the “whop- 
per” innocently perpetrated by a young story- 
teller is initially estimated to be a more hei- 
nous offence than a plausible untruth, which 
was, however, clearly mtended to deceive its 
hearer Thus, although the young child is able 
and ready to consider the overt and objective 
aspects of interpersonal situations, the covert 
motivational processes of the participants es- 
cape him 

As he grows older, the child becomes in- 
creasingly sensitive to the existence of covert 
perceptual, cognitive, and motivational proc- 
esses in other people (as well as in himself) 
and also increasingly accurate in his mdentifi- 
cation and interpretation of these processes 
Piaget (1928) believes that the major vehicle 
for the developmental decline of this and all 
other manifestations of cognitive egocentrism 
is social interaction, especially with peers 
Conflicts, arguments, and other dissonant in- 
terpersonal experiences gradually compel the 
child to pay attention to perspective differ- 
ences, and thereby eventually to generate 
some conceptions and mformation-gathenng 
skills regarding human psychological proc- 
esses 

Other Research Although one would be 
ill-advised to write a textbook called Social- 
Cognitive Development on the basis of pres- 
ently existing research data, there are at least 
the beginnings of a real literature in this area 
Much of it has been stimulated by Piaget’s 
pioneering studies, but the theoretical writ- 
ings of Mead (eg, 1947), Heider (1958), 
and others have also played a role The writer 
and his associates (Flavell 1961, 1966a, 
1966b, Flavell et al , 1968, Fry, 1966) have 
carried out what is probably the broadest- 
scale investigation in the area so far, and 
hence their work can serve as a convenient 
framework for reviewing the rest of the lit- 
erature 

Flavell et al have used the expression 
‘role-taking activity” to refer to the processes 
under discussion, but “person perception,” 
“interpersonal inference,” “social cognition,” 
or even the barbaric but apt “people-reading” 
might do as well As we view it, role-taking 
activity may entail any of a number of per- 


ceptual-cognitive processes in the role-taker, 
may take as its object any of a number of 
psychological processes in the other person, 
and may be earned out for any of a number 
of concrete purposes Let us bnefly amplify 
the latter two of these three features The 
description of Piaget’s work has already sug- 
gested that the object toward which this ac- 
tivity is directed can vary the other’s per- 
ceptual expenences, his cognitive experiences, 
predispositions, and capacities, his emotional 
states, his motives and intentions — in short, 
anything that people might construe to be a 
potentially “readable” or inferable psycholog- 
ical entity Likewise, role-taking activity may 
be initiated for any of a vanety of purposes 
in order more effectively to cooperate with 
the other person, to understand and be under- 
stood in communicative interactions with him, 
to compete with him, simply to satisfy one’s 
curiosity about him — the hst could obviously 
be extended to include any motive which this 
particular kmd of information-gathering might 
help to satisfy Our research was concerned 
with developmental changes in role-taking ac- 
tivity or skill across a sampling of objects and 
purposes 

One of our tasks was closely patterned 
after the Piagetian model-mountain problem, 
and thus was mtended to assess the child’s 
ability to predict visual-perceptual experiences 
different from his own momentary one The 
data showed very consistent and regular in- 
creases with age in this ability across middle 
childhood and adolescence Subsequent re- 
search with maximally simple perspective- 
taking tasks led us to think that the very no- 
tion of perceptual perspective or point of view 
is probably absent in most 3-year-olds, grad- 
ually emerging m rudimentary form during 
the preschool period Developmental findings 
consistent with these and Piaget and Inhelder’s 
data have also been reported by Davol and 
Hastings (1966), Dodwell (1963), Gellert 
(1966), Laubengayer (1965), and Lovell 
(1959) Karplus (1964) has devised an in- 
genious teaching technique involving percep- 
tual role-taking to convey to elementary school 
children the relativity of position and motion, 
and Laubengayer (1965) has had some suc- 
cess in furthering the perspective-taking ability 
of preschool children through systematic train- 
ing Moore (1958) has also demonstrated that 
the development of perceptual role-taking 
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skill is not confined to the visual sphere older 
children are more sensitive than younger ones 
to what others may be hearing as well as to 
what they may be seemg 

A different sort of task is needed to tap 
role-takmg processes directed at the non- 
perceptual (eg, cognitive or affective) ex- 
periences of the other person In one of our 
investigations, middle-childhood and adoles- 
cent Ss are shown an ordered senes of seven 
pictures which, comic-strip fashion, illustrate 
a story After the child has narrated the story, 
three of the pictures are removed The re- 
maining four pictures were so constructed as 
to suggest a story also, but this story is quite 
different from the original, seven-picture one 
A second E , supposedly unacquamted with 
any of the pictures, now enters the room S's 
task is then to predict the story that this E 
would derive from the four-picture series 
There is of course no perceptual role-takmg 
problem here, both S and E see the same four 
pictures, and in the same onentation The 
problem is mstead to predict E’s cognitive re- 
sponse to what he sees, that is, his interpre- 
tation of what the visual stimuli, m their 
ensemble, suggest or signify We found that 
many second- and third-grade children (the 
youngest Ss in this study) could not accu- 
rately predict what story the four pictures 
would suggest to a naive other — one not 
“contaminated,” as is the child, by having 
previously seen them m full, seven-picture 
context A characteristic reaction is to predict 
cognitive responses to the four pictures which 
they themselves have come to make on the 
basis of previous experience (le, a seven- 
picture-story interpretation) but which the 
mexpenenced other would be very unlikely 
to make, much as the young S m a perceptual 
role-takmg task keeps misattributmg his own 
perspective to the other observer Another of 
our studies showed clear developmental trends 
m the ability to impute complex chains of 
reasoning to other people, particularly those 
that include a representation, by the other, 
of one’s own cognitions — “I think that he 
thinks that I think such-and-so ” 

The data from these and other studies in 
the literature suggest that inferential activity 
regarding the cognitions, feelings, etc, of 
others changes with development in at least 
two ways First, the child constructs an in- 
creasingly rich interpretation of the other’s 


covert processes, more — and more complex — 
internal psychological events are attributed to 
him as the child matures Second, what gets 
attributed to the other also becomes more 
accurate and objective, less tainted by the 
child's own, egocentric perspective Dymond, 
Hughes, and Raabe (1952), Flapan (1965), 
and Rothenberg (1967) have found a sub- 
stantial increase across middle childhood in 
the child's disposition and ability to explain 
surface behavior in terms of subsurface cog- 
nitions, feelings, motives, etc Feffer (1959) 
and Gollrn (1954) have devised formal test 
procedures for assessmg such dispositions and 
abilities, and have also reported develop- 
mental changes across middle childhood (Fef- 
fer and Gourevitch, 1960) and adolescence 
(Gollm, 1958) Milgram and Goodglass 
( 1961 ) found a decided mcrease from second 
through eighth grade in S's ability to make 
accurate guesses about the normative word 
associations of young children and adults The 
Baldwins and their students have recently 
begun to investigate the development of 
various interpersonal concepts, using as their 
frame of reference the average adult's im- 
plicit “theory” of human behavior as de- 
scribed by Heider (1958) Thus far reported 
are interesting age changes m the child's 
interpretation and assessment of malevolent- 
benevolent intentions (Baldwin, 1965), kind- 
ness (Baldwin and Baldwin, 1967), and fair- 
ness (Shure, 1967), the latter reminiscent of 
Piaget's work (1932) on moral judgment 
Whiteman (1967) has done an interesting 
developmental study of children's conceptions 
of psychological causality (i e , human mo- 
tivation), using kindergarten and third-grade 
S's Although not quite resembling miniature 
psychoanalysts, Whiteman's older S's did show 
a surprisingly good ability to sense the mo- 
tivational workings of classic defense mech- 
anisms (displacement, projection, denial, 
etc ) behind the overt behavior of a story 
character, for example, to understand why a 
child who does not like to share her toys 
might anticipate nonsharmg motives on the 
part of other children whom she had never 
even met before (projection) 

As Piaget's early research (1926) has 
shown, one of the most important functions 
or purposes of role-takmg activity is the 
monitoring and guiding of communication be- 
havior A message constructed without any 
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attention to the informational needs and in- 
formation-processing capabilities of the in- 
tended audience would only be accidentally 
effective A number of our studies inves- 
tigated developmental changes m the child’s 
ability to tailor and adapt his verbal messages 
to particular listeners and circumstances In 
one of these studies, Ss are given the task of 
explaining how to play a game to two adult 
listeners, one of whom can see the game 
materials and one of whom cannot (he is 
blindfolded) Older children construct much 
longer and more informative messages to the 
blindfolded listener, whereas younger children 
tend to say the same things to both A few 
of the younger Ss went so far in their disre- 
gard of audience characteristics as to refer 
without further explanation to “this,” “there,” 
etc , when talkmg to the blmdfolded listener 
Similar age differences obtained m a study 
where the two listeners diffeied m cognitive 
(adult versus child) instead of perceptual 
(sighted versus blindfolded) receptive abil- 
ities Other investigations showed develop- 
mental changes across middle childhood and 
early adolescence in the ability to (I) 
modify a message on the basis of postmessage 
feedback regarding its communicative inad- 
equacy, (2) give a single, “lowest-common- 
denommator” message to several listeners who 
differ m initial informational level regarding 
the content to be communicated, (3) evaluate 
the adequacy of someone else’s message, (4) 
communicate nonredundantly, and (5) con- 
struct an effective persuasive as opposed to 
mformative message 

Recent studies by Glucksberg and Krauss 
(1967), Glucksberg, Krauss, and Weisberg 
(1966), and Krauss and Glucksberg (1965) 
have yielded very similar developmental find- 
ings They too interpret the young child’s 
communicative performance as reflecting an 
absence of editing and modification due to 
a failure to take note of the communication- 
relevant attributes of the listener If this in- 
terpretation is correct, one would expect that 
role-taking and communication skills, inde- 
pendently assessed by means of two separate 
tasks, would covary within the individual 
Such covariation has m fact recently been 
demonstrated, both m children (Cowan, 1966) 
and m adults (Feffer and Suchothff, 1966, 
Phillips and Feffer, 1966) Role-taking ability 
has also been shown to correlate with other 


variables Swinson (1966) found significant 
correlations between Feffer ’s role-taking test 
and several of Piaget’s concrete-operational 
tasks (eg, conservation of quantity), with 
age, grade, and IQ partialled out Rothenberg 
(1967) found small but statistically reliable 
correlations between social sensitivity and 
several measures of interpersonal adjustment 
and intelligence Wolfe (1963) has further 
demonstrated significant interrelationships 
among several indices of role-taking ability 
Other relevant studies m the area of inter- 
personal inference include Elkind (1967b), 
Kohlberg (1963), Muuss (1961), and Niel- 
sen (1951) 

As already suggested, we have much yet to 
learn about the ontogenesis of role-taking and 
related “people-reading” abilities There is, 
however, enough evidence available to nsk 
an educated guess about its major features, 

We ought now to be able to make some 
speculations — - likewise preliminary — about 
what this development consists of, and when 
m childhood its vanous constituents tend to 
appear The nature of these constituents can 
be epitomized by considering what one needs 
to know, or know how to do, m order to 
engage in behavior which is mediated by 
role-taking activity There are five such con- 
stituents 

1) The understandmg that there is such a 
thing as “perspective,” that is, what you 
perceive, think, or feel m any given context 
need not coincide with what I perceive, think, 
or feel ( Existence ) 

2) The realization that an analysis of the 
other person’s perpective is warranted in this 
particular situation, that is, such an analysis 
would be a useful means to whatever one’s 
goal is here ( Relevance ) 

3) How actually to carry out this analysis, 
that is, possession of the ability to predict 
with accuracy the relevant attributes of the 
other (Ability) 

4) How to maintain in awareness the fruits 
of this analysis, m competition with the un- 
remitting press of one’s own point of view, 
long enough for it to be able to fulfill its 
function as means or mstrumentality for sub- 
sequent behavior ( Performance ) 

5) How then to employ the fruits of this 
analysis as a means to some behavioral end, 
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for example, as an effective monitor of verbal 
communication ( Application ) 

The evidence suggests that the develop- 
ment of existence is at least partly accom- 
plished by the beginning school years 
Young preschoolers often behave as if the 
very existence of perspective variation were 
foreign to them, whereas many older pre- 
schoolers clearly demonstrate an awareness of 
its existence, at least in task situations where 
the experimenter s instructions and the ele- 
mental nature of the role attributes in ques- 
tion conspire to facilitate such awareness 
Correspondingly, there is some ability to pre- 
dict with accuracy those perspectives whose 
existence the child is mature enough to recog- 
nize, but this ability appears to be extremely 
limited — limited primarily to the discrimina- 
tion of the more obvious components of the 
other person's perceptual perspective 

On the other hand, really substantial prow- 
ess in ability, and in relevance, performance, 
and application as well, is probably not at- 
tained much before late middle childhood or 
early adolescence We have been impressed 
with how rudimentary is the capacity, during 
the early school years, to tune m on the hidden 
role-taking requirements of ostensibly non- 
role-taking (e g , communication) tasks ( rele- 
vance ), to predict complex perceptual inputs 
and subtle or intricate intellectual processes 
in the other person (ability), to keep one’s 
image of the other person's role attributes un- 
sullied by one’s own ongoing perspective 
( performance ), and to translate what one 
knows or can guess about the other person 
mto effective social behavior regarding him 
( application ) In contrast, the child 12 to 14 
years old in our studies and m other studies 
shows himself to be a surprisingly adept role 
taker across a wide range of tasks and prob- 
lems Although the data are really not yet 
ample enough to justify it, one is tempted to 
predict that middle childhood will turn out 
to be the developmental epoch so far as basic 
role taking and allied skills are concerned, 
with the preschool period contributing the 
prologue and adolescence the epilogue (Flav- 
ell, 1966a, pp. 175-176) 

Other Concepts 

A survey of developmental research dealing 
with logical-mathematical, physical-biological. 


and psychological notions does not quite ex- 
haust the existing concept-development litera- 
ture There is a small remainder, most of it 
concerned with the acquisition of political, 
economic, and religious concepts The general 
tenor of this residual literature is suggested 
by Geis' remark in a recent book review 
“The book will certainly be read by psycholo- 
gists interested in political development, and 
possibly by some interested m cognitive and 
affective development” (Geis, 1966, p 586, 
italics ours) That is to say, these studies do 
provide information of greater or lesser inter- 
est regarding the specific content area m ques- 
tion, but they typically contribute little to our 
overall understanding of cognitive develop- 
ment 

Politics. The handful of studies m this area 
can be sorted into two rough categories One 
deals with the evolution of children’s knowl- 
edge, attitudes, and interests regarding polit- 
ical figures and institutions The other focuses 
on their developing sense of national identity, 
changing conceptions of their own and other 
geographical-political units (native city and 
country, foreign countries, etc ) , and related 
topics 

The investigations of Greenstem (1961, 
1965), Hess and Easton (1960, Easton and 
Hess, 1962), and O’Neill (1965) make up 
the first group Greenstem and Hess and 
Easton administered survey questionnaires to 
large groups of middle-childhood and early- 
adolescent S s, with very similar results 
(Greenstem, 1961) A general finding was 
that children develop strong feelings and 
opinions about political entities well before 
they achieve any clear understanding of them 
They like and identify with a specific political 
party before learning how the parties differ, 
they think the President is extremely impor- 
tant and rate his performance in the job as 
superlative without any clear idea of what he 
actually does, let alone how competently he 
is doing it, etc Images of the father and of 
the President are initially very similar, and 
Hess and Easton (1960) hypothesize that the 
President first emerges as a generalization 
from the father The President appears to be 
the American child’s earliest point of contact 
with the political system, with other offices 
and institutions initially apprehended in rela- 
tion to him the alderman, courts, legislature, 
and the like are perceived simply as the Pres- 
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ident’s "helpers” (Greenstem, 1961) Grad- 
ually, the roles and functions of political 
offices become better understood and differen- 
tiated from their human incumbents Green- 
field’s (1965) data show that by eighth grade, 
rate of approval of the President’s perfor- 
mance has declined to a level similar to that 
found m a national survey of adults O’Neill’s 
(1965) interview study with an adolescent 
sample revealed some mterestmg develop- 
mental changes m political-philosophical 
concepts, such as the notion of a community, 
the nature and functions of government, and 
the idea of individual rights 

The second group is chiefly represented by 
a fairly elaborate study of Jahoda’s, done m 
response to an earlier investigation by Piaget 
and Weil (1951) The empirical aspects of 
Jahoda’s work are presented m three articles 
(1962, 1963b, 1963c), with an overview and 
theoretical analysis given in a subsequent 
paper (1964) We shall eschew Jahoda’s 
(1964) detailed (and generally well-found- 
ed) critique of the Piaget and Weil study m 
favor of suggestmg some developmental con- 
clusions derived from both sets of findings 
Young children are initially extremely vague 
about the denotation of their native city, 
state, and country and correspondingly con- 
fused about the partitive or inclusion relations 
among them Thus Glasgow and Scotland 
(Jahoda), or Geneva and Switzerland (Piaget 
and Weil), may be represented by the young 
child as discrete, nonoverlapping physical do- 
mams Similarly, the child may be unable to 
grasp the fact that he is at once Scottish and 
British (or Genevan and Swiss) Part of the 
problem could be a basic difficulty m han- 
dling the logical-inclusion operation (Piaget 
and Weil) However, a more powerful de- 
terminant after the child has reached early 
middle childhood would well be the abstract- 
ness and ill-defined character, for the child, 
of these geopolitical units (Jahoda) It goes 
without saying that coherent ideas and atti- 
tudes regarding foreign countries are not m 
evidence during this early period (Jahoda, 
1962) Weinstein (1957) did a scalogram 
analysis of 5- to 12-year-old children’s answers 
to a series of questions concerning national 
identity and the notion of flag He found a 
fairly well-defined developmental sequence of 
10 steps or levels m the cognitive mastery of 
these political concepts 


Economics. Schuessler and Strauss (1950, 
Strauss and Schuessler, 1951) tested for de- 
velopmental changes m the child’s abilty to 
identify coins, compare their values, and es- 
tablish monetary-value equivalences among 
them Although clear age trends were re- 
vealed, this study deserves to be remembered 
more for its methodology than for its substan- 
tive findings so far as the writer knows, 
Schuessler and Strauss were the first to use 
scalogram-analysis techniques for assessmg 
the sequential mvanance of developmental 
stages A second study (Strauss, 1952) had 
a broader focus, dealmg with the meaning 
and uses of money within the economic sys- 
tem The child only gradually sees, for ex- 
ample, that paying money and receiving 
change for goods bought from the storekeeper 
is more than a mere ritual, that there is a 
"maker” who sells goods to the storekeeper, 
that the "maker” and the storekeeper spend 
money received on a variety of things (more 
goods, their employees, items for personal 
needs, etc ), and that business is essentially 
an impersonal affair governed by the profit 
motive (a customer and a storekeeper need 
not like each other, a storekeeper sells goods 
for more than he pays for them — both these 
propositions often denied by young children) 

The results of a later study (Danziger, 
1958) roughly confirm Strauss’ findings In 
addition, Danziger emphasizes that what the 
child initially lacks and only gradually attains 
is a conception of the economic world as a 
system of reciprocal relationships — of bal- 
anced exchanges of money, goods, and serv- 
ices between boss and worker, seller and 
buyer 

Religion. The few existing studies on chil- 
dren’s thinking m the area of religion well 
illustrate one leitmotif of this chapter the 
overall level of the child’s intellectual devel- 
opment operates like a "g” factor in specific 
content areas to determine in part his con- 
ceptual structuring of these areas Goldman 
(1965), for example, had no great difficulty 
classifying children’s interpretations of Bibli- 
cal events (e g , the temptations of Jesus) as 
reflecting Piaget’s pre-operational, concrete- 
operational, and formal-operational modes of 
thinking, each class of interpretation predom- 
inating during its appropriate age span He 
therefore concludes, "Religious thinking ap- 
pears to take place, within the context of be- 
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lief in the supernatural, according to the same 
processes and methods of thinking as applied 
to other fields of experience” (p 167) 
Elkind’s developmental studies of Jewish 
(1961d), Catholic (1962b), and Protestant 
(1963) children’s conceptions of their respec- 
tive religious denommations makes the point 
even more strongly (see Elkmd, 1964b, for 
a resume and discussion of his findings) 

In general, it was found that the form of 
the child’s thinking at a given age/stage was 
remarkably consistent across the three groups, 
with the content showing the expected inter- 
denominational variation Moreover, the ma- 
jor formal changes are reminiscent of general- 
izations made m the previous section For 
instance, the essential mgredients of one's re- 
ligious identity are at first external (eg, going 
to a certain church) and only later internal 
(eg, possessmg certain beliefs) The child's 
concept of prayer likewise exhibits this famil- 
iar developmental movement from outer to 
inner aspects (Elkmd, Spilka, and Long, 
1966) In the writer’s judgment, Elkmd’s in- 
teresting studies have important implications 
for the field of religious education Miscella- 
neous other investigations of children’s con- 
ceptualizations of the social world include 
Case and Collmson (1962), Jahoda (1959), 
Meltzer (1925), Ordan (1945), Pflederer 
(1964), and Spiegel (1950) 

GENERAL ISSUES IN THE FIELD OF 
CONCEPT DEVELOPMENT 

The major purpose of this chapter has been 
to review the basic, normative-descriptive lit- 
erature on conceptual growth, concept area 
by concept area Such a review fails to high- 
light certain issues, questions, and problems 
common to all of these areas, which are re- 
peatedly encountered whenever a deeper 
analysis of any of them is attempted The re- 
mainder of the chapter will do little more than 
simply introduce some of these pioblems and 
call the reader’s attention to pertment bibliog- 
raphy In this instance, brevity is dictated by 
more than the everpresent space limitations 
There is reason to doubt whether our knowl- 
edge and understanding regarding these is- 
sues is sufficiently advanced as yet to make 
possible any really extended and authoritative 
review 


Developmental Diagnosis of Conceptual 
Acquisitions 

All research on concept development, what- 
ever its ultimate purpose, involves develop- 
mental diagnosis at some point The experi- 
menter must always, by one testing procedure 
or another, try to assess the child's status 
vis-a-vis predefined conceptual item (skill, no- 
tion, structure, operation) Evidence is rap- 
idly accumulating, however, that precise es- 
timation of children’s cognitive-developmental 
status is a much more complicated and nettle- 
some problem than we had once thought One 
might until recently have believed, for ex- 
ample, that nothing could be more straight- 
forward than to find out whether a young 
child is capable of transitive inference The 
notion of transitive inference is clearly defin- 
able, and the Genevans have long since pro- 
vided us with simple but elegant procedures 
for its diagnosis However, a recent contro- 
versy between Braine and Smedslund (Brame, 
1959, 1964, Smedslund, 1963a, 1965, 1966b, 
see also Gruen, 1966, Wortman, 1964) has 
shown that the assessment of this inferential 
skill is a veritable mare’s-nest of conceptual 
and methodological problems We are now 
led to wonder what testing procedures, if any, 
will protect us here against diagnostic errors 
of both the false-positive and false-negative 
variety Moreover, it must now be asked 
whether transitive inference is a monohthic, 
all-or-none entity or whether, instead, there 
may be several earlier and later, less and more 
mature forms of it Similar questions are cur- 
rently being raised concerning the nature and 
measurement of other Piagetian acquisitions 
(eg, Bruner, 1964, Bruner, Olver, and 
Greenfield, 1966, Gruen, 1966, Inhelder, Bo- 
vet, Sinclair, and Smock, 1966, Kohnstamm, 
1967, Pascual-Leone and Bovet, 1966) 

The classification and resolution of diag- 
nosis-and-assessment problems m this field 
are crucial for a number of reasons We shall 
cite only two of the more important ones 
First, exact developmental dating is obviously 
a prerequisite for describing the temporal re- 
lations among conceptual acquisitions, m par- 
ticular, which ones emerge in a regular onto- 
genetic order, one always before another, and 
which ones emerge more or less concurrently 
Information about temporal relations is in turn 
a necessary (but not sufficient) first step m 
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determining the functional and structural re- 
lations among acquisitions For instance, only 
if we could be sure that cognitive item A 
regularly precedes cognitive item B could we 
entertam the possibility that A might some- 
how help to mediate the attainment of B, 
might be an earlier and more immature form 
of B, etc Similarly, only if we were certain 
that items X and Y developed m synchrony 
could we make hypotheses about the emer- 
gence of some superordmate structure upon 
which both depend It is apparent that the 
functional and structural connections between, 
for mstance, transitivity and other acquisitions 
cannot be even guessed at until we can de- 
cide whether it first appears at 4 to 5 years 
(Brame) or at 7 to 8 years (Smedslund and 
the Genevans) 

Precise evaluation of the child’s develop- 
mental status is also indispensable whenever 
we wish to assess the effects of experience on 
cognitive growth (for mstance, the rapidly 
burgeonmg ensemble of Piagetian “training 
studies”) The nature and magnitude, and 
hence the theoretical significance of training 
effects can be inferred only from information 
about cognitive status before and after the 
training experience Much of the recent con- 
troversy concerning the influence of short- 
term experimental interventions on intellectual 
growth has hinged precisely on disagreements 
about the trainees’ pretraining and posttrain- 
mg intellectual structure (eg, Kohnstamm, 
1967, versus Pascual-Leone and Bovet, 1966) 

Concern about diagnostic problems has re- 
sulted in the creation of a number of new 
testing procedures m recent years Largely in 
reaction to reputed deficiencies m Piaget’s 
“clinical method,” many of these procedures 
require a minimum of verbal judgment and 
explanation on the part of the child Brame 
(1959, 1962) has been an early and assiduous 
proponent of nonverbal methods here and has 
tried to devise procedures that will be sensi- 
tive to the first manifestations of a given ac- 
quisition We have in previous sections men- 
tioned the diagnostic innovations of Davies 
(1965), Goldberg (1966), and Yost, Sigel, 
and Andrews (1962) m the area of probabil- 
ity concepts, of Youmss and Furth (1965, 
1966) with transitive inference, and of Ric- 
ciuti (1965) with early classificatory abilities 
Charlesworth (1964, 1966, Charlesworth and 


Zahn, 1966) has successfully employed sur- 
prise reactions as mdicators of cognitive level 
m both infants and schoolchildren, and De- 
Vries (1967) has done much the same with 
fear responses 

Also worth mentionmg is an extinction pro- 
cedure for evaluating the depth and solidity 
of conservation concepts, in which the child 
is presented with fabricated empirical evi- 
dence that appears to contradict his (cor- 
rect) conservation judgment The Genevans 
generally favor the use of such techniques, 
and have for years used verbal countersug- 
gestion (“But another little boy told me ”) 
for the same purpose Invented by Smedslund 
(1961c), the extinction method has subse- 
quently been used in studies by Bnson ( 1965) , 
Hall and Kingsley ( 1967 ) , and Raven ( 1965 ) 
It has recently been criticized by Kohnstamm 
(1967) — probably rightly — as susceptible to 
assessment erroi of the false-negative vanety 
(l e , genuine conservers mistakenly diagnosed 
as nonconservers) In the writer’s opinion, the 
current proliferation of new testing methods 
has done more to highlight the complexity of 
the developmental diagnosis problem than to 
clanfy and resolve it The road from observed 
test responses to conclusions about underlying 
structure remams a sinuous and treacherous 
one 

The fundamental difficulty appears to be 
one of conceptualizing, and subsequently find- 
ing ways to diagnose accurately, the different 
ways or senses m which a child may be said 
to “have” a cognitive item in his repertoire 
Flavell and Wohlwill (1969) have recently 
suggested that Chomsky’s (1965) compe- 
tence-performance analysis of language be- 
havior and development may also be useful 
in thinking about this and related problems in 
the area of intellectual development Briefly 
stated, the argument is that any given con- 
ceptual item, for example, the notion of tran- 
sitivity, may first emerge as a part of the 
child’s intellectual “competence” considerably 
earlier than normal testing procedures would 
indicate At this point m development, the 
item — while now genumely “there,” “in the 
system” — is conceived as being exceedingly 
fragile and difficult to elicit, highly vulnerable 
to blockage by innumerable “performance” 
factors (memory and attentional problems, 
interfering perceptual and conceptual sets, and 
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the lake) In the ensuing years (and it is nor- 
mally a matter of years rather than months) 
the item slowly frees itself from performance 
limitations, gradually becomes consolidated, 
stabilized, and generalized, and eventually 
emerges as a reliably elicitable cognitive tool 
in most appropnate situations and under most 
internal and external conditions of testing 
It might therefore be, for example, that 
Brame’s 5-year-old, Smedlund’s 8-year-old, 
and an adult mathematician could all be said 
to 'have” a transitivity rule — in contrast, say, 
to a 2-year-old — but they would be said to 
“have” it m quite different ways If this gen- 
eral view of how conceptual development 
typically proceeds is even approximately cor- 
rect, a great deal of pams taking research 
awaits us, because we know almost nothing 
as yet about the details of the process For 
related ideas regardmg the nature of cogni- 
tive development and for some possible ex- 
amples of temporary performance limitations 
on competence during its course, see Aebli 
(1963), Beilin (1966), Brame and Shanks 
(1965a, 1965b), Davies (1965), DeVries 
( 1 967 ) , Dodwell ( 1963 ) , Donaldson ( 1964 ) , 
Elkmd (1966, 1967a), Feigenbaum (1963), 
Fleischman, Gilmore, and Ginsberg (1966), 
Goldberg (1966), Goodnow (1962), Halpem 
(1965), Huttenlocher (1964), Inhelder, Bo- 
vet, Sinclair, and Smock (1966), Lunzer 
(1965b), Maccoby and Bee (1965), Mermel- 
stein and Shulman (1967), Murray (1965, 
1966, 1967a, 1967b), Pascual-Leone and Bo- 
vet (1966), Prnard and Laurendeau (1969), 
Pratoomraj and Johnson (1966), Santa 
Barbara and Pare (1965), Siget, Saltz, and 
Roskind (1967), Smedslund (1960, 1964a, 
1966c, 1966d, 1966e), Szemmska (1965), 
Vygotsky (1962, Chaps 5 and 6), Wallach 
and Sprott (1964), Wallach, Wall, and An- 
derson (1967), Wohlwdl (1964b), Wohlwili 
and Katz (1967), and Zimiles (1963, 1966) 

Developmental Sequences and Concurrences 

As implied m the previous section, one of 
the major aims of cognitive-developmental 
study is to identify and interpret the temporal 
relations that may hold among conceptual ac- 
quisitions For any pair of acquisitions A and 
£, the most interesting of such relations are 
invariant concurrence (A and B develop syn- 
chronously in all children) and invariant se- 
quence (eg , A develops earlier than B m all 


children) There appear to be methodological 
problems in the initial empirical identification 
of invariant concurrences and sequences, con- 
ceptual problems m formulating reasonable 
hypotheses to explain them, and further meth- 
odological problems m the subsequent testmg 
of these hypotheses Much of what will be 
said about these problems derives from pre- 
vious writings by Joachim Wohlwili and the 
present author (Flavell, 1966c, Flavell and 
Wohlwili, 1969, Wohlwili, 1963, 1966a, 
see also Pmard and Laurendeau, 1969) 

Sequences How can we ascertain whether 
one intellectual acquisition (A) invariably oc- 
curs earlier in childhood than another ( B )? 
The crudest and least certain method is to 
show that the mean age at which a test for A 
is passed is lower than the mean age at which 
a test for B is passed, each test given to a 
different but roughly comparable sample of 
Ss Many of Piaget's initial claims about de- 
velopmental sequence (and concurrence) 
were based on such data An obvious im- 
provement on this method is to compare mean 
ages (or equivalent indices of difficulty level) 
when both tests are administered to the same 
sample (eg, Beard, 1963a, 1963b, Beilin and 
Franklin, 1962, Elkmd, 1961a, 1961b, 1961f) 
However, even within-sample comparisons of 
mean ages are insufficient in themselves to 
demonstrate invariant (le, exceptionless) se- 
quences, because such comparisons would fail 
to detect a possible minority of out-of-se- 
quence Ss, namely, children who pass test B 
but fail test A 

A more powerful measure of sequential 
invariance therefore would be one that scru- 
tinizes the test response patterns of individual 
Ss for sequence reversals Whereas a few 
reversals might be written off as measurement 
error, more than a few would suggest that the 
sequence under study is not truly invariant 
There are now quite a number of studies m 
the literature that have analyzed pairs of cog- 
nitive acquisitions (eg, conservation and 
transitivity of length) in essentially this fash- 
ion (eg, Chittenden, 1964, Dodwell, I960; 
Hyde, 1959, Keats, 1955, Kooistra, 1965, 
Lovell and Olgilvie, 1961a, 1961b, Lunzer, 
1965a, Piaget and Inhelder, 1941; Raven, 
1965, Shantz and Smock, 1966, Sigel and 
Mermelstein, 1966, Smedslund, 1961b, 
1961f, 1962, 1964a; and Wortman, 1964) 
When sequences of three or more acquisitions 
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(eg, conservation of mass, weight, and vol- 
ume) are tested for invariant order of emer- 
gence, one or another version of scalogiam 
analysis is generally used, but the basic logic 
remains the same (eg, Davol, Chittenden, 
Plante, and Tuzik, 1967, Dodwell, 1961, Es- 
calona, 1966, Goldman, 1965, Gomn-Decane, 
1965, Kofsky, 1966, Lunzer, 1960b, Nassefat, 
1963, Peel, 1959, Raven, 1965, Schuessler 
and Strauss, 1950, Smedslund, 196 If, 1962, 
Uzgins, 1964, Uzgms and Hunt, 1966a, 
1966b, Wallace, 1966, Weinstein, 1957, 
Wohlwill, 1960) It would be expected that 
unambiguous-looking instances of sequential 
invariance thus identified in cross-sectional 
data would also be confirmed by longitudinal 
study, where an S’s progress from A to B can 
be assessed directly Escalona (1966) has in 
fact obtained this kind of confirmation m the 
case of the sequential growth of prehension 
skills m infancy (see also Almy, Chittenden, 
and Miller, 1966) 

If our views on the problems and pitfalls of 
developmental diagnosis are as realistic as 
they are pessimistic, however, not even the 
most sophisticated of available testing and 
data analysis methods can assure an accurate 
identification of invariant sequences, particu- 
larly where the developmental onsets of the 
A’s and B’s m question are closely adjacent 
m ontogenetic time Suppose, for example, 
that it is really (le , genotypically) the case 
that some A invariably begins its development 
shortly before some B does Suppose further 
that our test for the presence of A in chil- 
dren's repertoire is, quite unknown to us, sys- 
tematically less sensitive than our test for the 
presence of B , that is, it yields a higher per- 
centage of false negatives If these two tests 
were administered to a sample of children m 
the appropriate age range, the probable re- 
sult is a substantial percentage of sequence 
reversals — children m whom both A and B 
are in fact evolving, but who pass the “easier” 
test for B and fail the 'harder” test for A 
Conversely, if the test for B were the less 
sensitive, an investigator might be led to infer 
an invariant A-B sequence when the geno- 
typic facts were quite different (even includ- 
ing the possibility of an underlying B-A in- 
variant sequence) It should be noted that 
longitudinal studies provide no inherent safe- 
guard against * such interpretation errors, as 
long as the two tests retain these properties, 


If A were a much earlier acquisition than B, 
to be sure, differential sensitivities are likely 
to cause no difficulty, on the other hand, a 
finding of sequential mvaiiance heie would 
probably be of less theoretical mterest What 
we need, obviously, is some means of equat- 
ing the “hit rates” of the tests we wish to 
compare This may be possible when dealing 
with certain kinds of acquisitions, as Smeds- 
lund s (1964a) excellent study has tried to 
demonstrate in the case of conservation (A) 
and transitivity (B) of weight Whether this 
kmd of essential control can be enacted in all 
cases is uncertain at present (Flavell, 1966c) 
Where it cannot, the confidence level of an 
invaiiant-sequence assertion might be in- 
creased somewhat by utilizing a variety of 
different tests for each of the acquisitions 
being compared 

The empirical demonstration that some A 
reliably precedes some B in ontogenesis ought 
to be regarded as only the beginning of the 
develop mentalis t’s task The next step would 
obviously be trying to hypothecate an other- 
than-temporal connection between A and B, 
which could account for, or at least make 
plausible, the observed temporal one There 
has been surprisingly little attention given m 
the literature to this aspect of the problem 
(Flavell and Wohlwill, 1969) For a for- 
mulation somewhat different from the one 
very tentatively pioposed below, see Piaget 
(1957) 

The A’s and B’s whose temporal relations 
have been or could be investigated are a most 
heterogeneous lot, comprising any and all 
conceptual milestones that our current pre- 
theories have defined for us Correspondingly, 
the possible developmental liaisons among 
them that could be envisaged are also quite 
varied 

In many cases, there appears to be some 
kmd of recognizable structural similarity be- 
tween earlier A and later B For instance, B 
may constitute a more perfected version of 
A — more stable, more generalizable, and more 
readily available to the child when the prob- 
lem setting calls for it Some of the adjacent 
pairs of stages in the evolution of the object 
concept and the conservation concepts might 
be cases in point Alternatively, B might be 
a richer structure which has incorporated its 
predecessor as a subpart Formal operations 
are related to concrete operations in this way, 
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In general, the developmental processes of 
differentiation and integration postulated by 
Werner (1948) and others are likely to result 
in sequences of cognitive items linked by one 
or another form of similarity 01 partial-iden- 
tity relation 

There are other oidered acquisitions which 
exhibit no such similarity The most important 
subcategory here includes sequences m which 
B effectively comes to replace or substitute 
for a quite different-looking A as the dom- 
inant mode of lesponse to a certain class of 
stimulus situations For instance, more mature 
forms of moral judgment gradually preempt 
less mature ones, with the only essential simi- 
larity between the two being the content aiea 
to which they apply (1 e , moral problems) 
More extreme cases of this general category 
are largely without interest those pairs whose 
members are so dissimilar m structure, func- 
tion, and age of acquisition that then invari- 
ant order of appearance invites no effort at 
explanation, say, the object concept (A) and 
the concept of proportionality (B) 

There is a third and extremely interesting 
category of A-B liaison, which, although some- 
times difficult to distinguish from the first, 
has more of a functional than structural qual- 
ity about it In this instance, the relation of 
A to B is essentially that of means to end or 
mediator to mediated A evolves first, and 
sooner of later thereafter plays a key role (to- 
gether with other mediators, perhaps) m the 
formation of B Piaget's theory provides a 
number of alleged examples a grasp of sena- 
tion is said to be one of the developmental 
bridges to an operational concept of number, 
the ability to multiply relations (eg, coor- 
dinate height and width) is thought to help 
mediate conservation of liquid quantity, etc 

This third category poses more of a prob- 
lem for the developmentahst than do the 
other two Once we have established empiri- 
cally that mastery of visible displacements in- 
variably precedes that of invisible displace- 
ments (stages 5 and 6 of the object concept, 
respectively), for instance, few psychologists 
would doubt that the developmental relation 
between the two is essentially one of what we 
have termed similarity or partial identity, with 
the later formation constituting an elaboration- 
generalization of the earlier one Likewise, 
once we have evidence that, say, the child's 
first moral judgments are always absolutists 


and that they become progressively more rel- 
ativistic with age, some sort of substitution- 
replacement characterization appears to be 
mandated In neither case, of course, have we 
thereby told the whole developmental story 
In particular, we have not described the 
mechanisms within the child or the forces 
within his milieu which help account for the 
transition from stage 5 to stage 6 and from 
absolution to relativism Nonetheless, we do 
appear to have specified the other-than-tem- 
poral, formal nature of the observed temporal 
relation m a largely incontrovertible fashion 
The situation is quite different where an 
invariant sequence looks as though it might 
reflect a mediational linkage Even if careful 
research could convince us that, for example, 
the ability to coordinate height-width rela- 
tions is invariably present before the child 
attains conservation of liquid quantity (there 
is no such convincing evidence at present, by 
the way), we still could not be at all sure that 
the one plays any developmental role m the 
formation of the other The fact that the 
former ability might be a logically plausible 
mediator of the latter is obviously not good 
enough The ability to coordmate relations is 
only one of a number of plausible candidates 
that have recently been put forward in the 
case of substance conservation, and we simply 
have no way of knowing at present which of 
them, if any, actually assists m the real-life 
genesis of that concept (Wallach, 1969) 
Moreover, what may be plausible or even 
logically compelling for one psychologist need 
not be for another For instance, Smedslund 
thinks that the empirically identified sequence, 
conservation of length prior to transitivity of 
length, "also makes good sense logically” 
(1964a, p 28), but the present writer finds 
his argument unconvmcing 

It is apparent, then, that if empirical re- 
search is initially required just to identify A 
as a possible universal mediator of B (quite 
obviously, any substantial number of observed 
B-A sequence children would rule out even 
the possibility), additional research must be 
earned out to show that it is so in actuality 
The most convincing research demonstration 
here would probably take the general form 
of showing that the expenmentally induced 
and thereby accelerated acquisition of A is 
regularly followed by an accelerated acquisi- 
tion of B. Such lesearch is beset with numer- 
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ous methodological problems m practice, and 
unambiguous data on mediation are hard to 
pome by (as only one of many cases m point, 
see Wallach, Wall, and Anderson, 1967) 
These problems are primarily the familiar 
ones of diagnostic assessment discussed pre- 
viously, and they include those of ensuring 
that developmental movement really occurred 
with respect to both A and B subsequent to 
ones experimental intervention, and occurred 
only with respect to these (1 e , ensuring that 
the intervention did not as an unwanted by- 
product engender the development of some 
X, which might have done the real mediative 
work vis-&-vis B) If reasonably unambiguous 
positive findings could be obtained by such an 
experiment, however, the truth status of the 
hypothesized mediational linkage approaches 
that which can be bought more cheaply for 
other lmkages The aforementioned study 
shows that A can help to mediate B Add to 
this the initial research finding that A invari- 
ably precedes B m normal development, and 
one is probably as close as one will ever get 
to provmg that A routinely does help mediate 
B in the developmental histories of live chil- 
dren 

This is all that we shall say here about the 
sequence issue, but it is clearly not all that 
should be said For instance, the exact defini- 
tions of and distinctions among the three 
types of relation just described remain ex- 
tremely vague and uncertam and so, conse- 
quently, does the assignment of instances to 
each We have also said nothmg directly about 
the (likely) possibility of multiple mediators 
of a given B and of multiple “mediatees” of a 
given A And, last, there is the question of 
the existence of noninvanant mediators (A 
helps to mediate B for some children but not 
for others) or, more generally, that of alterna- 
tive developmental 'routes” to any cognitive 
attainment (Flavell, 1966c), whether the 
milestones along these routes be linked by 
similarity/partial-identity, substitution, or me- 
diation Assuming that such questions have 
real referents, the study of concept develop- 
ment is assured a long if trying future, 

Concurrences. The identification and inter- 
pretation of developmental concurrences has 
had a theoretical motivation quite different 
from that which underlies the search for de- 
velopmental sequences, although the overall 
theoretical context is again Piagetian Accord- 


ing to Piaget, each of his three major develop- 
mental periods has two particularly significant 
features Let us use the period of concrete 
operations as an example, since the concur- 
rence issue has most often been raised m con- 
nection with that epoch First, there emerge 
within this period a number of new intellec- 
tual operations of enormous power and gen- 
erality, m the sense that each one can serve 
as a solution procedure for a large and ex- 
tremely varied assortment of superficially un- 
related tasks or problems The number of 
different problems that might implicitly call 
for the operation of class multiplication for 
instance, would be vast indeed Thus each 
operation is conceived as being profoundly 
genotypical, a veritable “caidmal trait” of cog- 
nition The second important feature is that 
these operations are definitely not seen as 
leading separate and independent lives in the 
child’s repertoire Rather, they are said to be 
intimately connected, one with another, to 
form operational structures or systems Sets 
of concrete operations are interlinked to form 
tight structures called “groupings,” for in- 
stance, and these groupings are m turn con- 
ceived as variously interrelated Piaget’s term 
for the whole network of interrelated struc- 
tures characteristic of a given developmental 
period, structure d ensemble (eg, 1955), 
conveys this sense of unity and interdepend- 
ence 

The existence of developmental concur- 
rences becomes an important theoretical issue 
given the validity of a certain line of reason- 
ing with respect to what has just been said 
We shall present this aigument in its extreme 
form, although various weaker versions of it 
have been proposed or debated (useful sources 
here include Brame, 1959, Flavell and Wohl- 
will, 1969, Lunzer, 1960, Pmard and Laur- 
endeau, 1969, Wohlwill, 1963, 1966a) If, 
in the first place, any given operation has the 
profundity and generality which Piaget’s 
theory ascribes to it, then its acquisition 
should be manifested by the child’s sudden 
ability to solve any and all cognitive tasks to 
which it is applicable In other words, the 
picture ought to be one of pronounced devel- 
opmental concurrence across this ensemble of 
tasks — either consistent success or consistent 
failure, depending upon whether the child has 
or has not yet acquired the underlying opera- 
tion If, in the second place, these highly gen- 
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eral operations are also bound together into 
structures (with these structures in turn 
tightly interlinked), then one would likewise 
expect developmental synchronisms across op- 
erations As soon as a child can master any 
task requiring one operation, therefore, he 
should be able to master any other task re- 
quiring any other operation, whethei it be- 
longs to the same grouping or not To the 
extent that developmental reality fails to ac- 
cord with this ideal picture, that is, it presents 
numerous asynchromsms within and between 
operations, to that extent would such key 
Piagetian expressions as “stage,” “operation,” 
and “structure” become imprecise and even 
misleading 

The research methods typically used to 
probe for concurrences are closely related to 
those employed in the identification of se- 
quences The investigator looks for high cor- 
relations among different tasks calling for the 
same operation or among measures of differ- 
ent operations Equivalently, for a pair of 
noncontmuous measures he expects to find no 
more than a few Ss m the (pass A-fail B) and 
(fail A-pass B) cells of the fourfold table (if 
only the latter cell were near-vacant, one 
would of course have evidence for an A-B 
sequence) How often have predicted within- 
penod concurrences been found by such 
methods? In the words of the Pinafores cap- 
tain — “hardly ever” Braine (1959) and Lov- 
ell (1961) have reported developmental con- 
sistencies m die case of certam concrete- and 
formal-operational skills, respectively, but 
asynchromsms of all within- and between-op- 
eration varieties have been the general rule 
(eg, Beard, 1960, Chittenden, 1964, Dod- 
well, 1960, 1961, 1962, 1963, Kooistra, 1965, 
Lovell & Ogilvie, 1960, 1961b, Lunzer, 
1960b, Mannix, I960, Nassef at, 1963, Smeds- 
lund, 1964a; Swmson, 1966, Uzgiris, 1964, 
Wohlwill and Katz, 1967) Moreover, as 
Wohlwill (1963) has noted, a number of 
these asynchromsms may prove to he instances 
of invariant sequence 

It should be pointed out, however, that the 
empirical identification and theoretical inter- 
pretation of between-operation concurrences 
m particular are beset with many of the diffi- 
culties previously described in connection with 
sequences On the methodological side, for 
instance, there is the familiar problem of dif- 
ferential test sensitivity As in the case of se- 


quences, this factor could lead us to misdiag- 
nose an asynchromsm as a synchronism oi, 
more often perhaps, the converse There are 
also questions of interpretation, given an m- 
disputable-lookmg instance of concurrence It 
would be at least conceivable that the two 
operations in question were uni elated or only 
very distantly related, despite their simulta- 
neous appearance, for example, temporally co- 
incident way stations on two parallel but 
independent developmental “tracks ” More 
probably, however, consistent synchronism 
would suggest some kind of functional con- 
nection It might be that both operations have 
some of the same mediators m common, or 
(and) reciprocally mediate each other during 
their evolution If the observed concurrence 
really reflected a high degree of functional 
interdependence, any experimentally induced 
developmental progress in one should be ac- 
companied by similar progress m the other, 
whereas this should not be the case if the two 
were only coincidentally synchronous 

Aecordmg to the argument outlmed earlier, 
data on developmental concurrences ought to 
provide vital evidence for or agamst Piaget's 
assumptions about the generality and the 
structural mterrelatedness of cognitive opera- 
tions, and hence for or agamst his general 
view of the nature of intellectual development 
If the analysis set forth m the precedmg para- 
graph is basically correct, there is reason to 
question whether an empirical finding sug- 
gesting concurrence in the case of two differ- 
ent operations is sufficient evidence for a 
structural relation between them The con- 
currence might, as we have seen, be entirely 
coincidental Even if it were not, there might 
be no plausible structural connection between, 
say, certain pairs of operations which owe 
their synchronism only to a common under- 
lying mediator The much more important 
point, however, is that it is hard to see why 
concurrences should be taken to- constitute 
necessary conditions for the validity of either 
the generality or the structural-interrelated- 
ness assumptions 

The matter of generality vis-k-vis a single 
operation (or any cognitive item, considered 
as an isolated entity) has really been dealt 
with m our previous discussion of develop- 
mental diagnosis and sequence Everything 
we know about intellectual development con- 
tinually forces us to distinguish between the 
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potential generality of any cognitive tool and 
the child's current ability to exploit that po- 
tential Although it is still far from clear just 
how the developmental lag between early 
buddings and later blossomings ought to be 
conceptualized (our competence-performance 
conception appears only a little less inade- 
quate in this respect than Piaget's ongmal 
notion of horizontal decalage), it is simply a 
fact that the full evolution of any cognitive 
item almost invariably looks more like an ex- 
tended process than a punctate episode To 
use developmental concurrences as a criterion 
for the generality of an operation is really to 
confuse generality with generalizability — two 
quite different things m the case of an evolv- 
ing mmd For a smgle operation within the 
concrete-operational period, then, the best 
statement would seem to be that this period 
is the segment of childhood during which , or 
by (the end of which , this particular kmd of 
operation acquires much of the generality and 
stability that it has in adulthood 

There are similar difficulties with the con- 
currence test as applied to the structural- 
interrelatedness question It is perhaps 
symptomatic of these difficulties that recent 
treatments of the question have tried to liberal- 
ize this criterion For instance, Pmard and 
Laurendeau (1969) argue that all the con- 
stituent operations of all the concrete-opera- 
tional groupings should become more or less 
simultaneously effective within any given con- 
ceptual domain (e g , all the operations under- 
lying conservation, transitivity, measurement, 
etc , in the domain of weight), but not across 
all domains at once In contrast, Wohlwill 
(1966a, see also Flavell and Wohlwill, 
1969) has suggested that only the operations 
within a given grouping might be expected 
to emerge concurrently, thus allowing for the 
possibility of asynchromsms among the differ- 
ent groupings However, a closer analysis of 
"structural interrelatedness" and equivalent 
expressions suggests that this criterion might 
better be abandoned altogether 
What does it mean to say that cognitive 
operations X, Y, and Z comprise a cognitive 
"structure," or are "structurally interrelated" 
within the child's cognitive system? For most 
psychologists, it would probably imply sev- 
eral things, First, the theorist-observer is able 
to characterize the structural relationships 
among the operations in some formal way, 


for example, show that they can be modelled 
by a mathematical group, as with certain 
Piagetian structures (see Gyr, Brown, and 
Cafagna, 1967) Second, the operations do 
indeed coexist in the child's system, that is, 
he has acquired these operations Finally, 
they do not merely coexist but also interact 
psychologically in some fashion For instance, 
one might perhaps expect that the operation 
of uniting subordinate classes to form a super- 
ordinate class "calls to mmd'' — is associatively 
linked with — the inverse operation of rediffer- 
entiatmg the superordmate into its subor- 
dinate classes for any child whose cognitive 
system contains the concrete-operational 
grouping of class addition Similarly, the en- 
gagement of either operation might also be 
expected to lower the threshold for operations 
from related groupmgs such as class multipli- 
cation In other words, the external, logical- 
mathematical relations among operations 
should be paralleled by some kmd of internal, 
psychological ones , if we are to claim that 
they constitute unified structures ( structures 
d! ensemble) rather than simply a set of psy- 
chologically independent abilities An impor- 
tant and still unresolved research problem is to 
find ways to confirm (or disconfirm) the psy- 
chological reality of the structures Piaget has 
described 

What "strutural interrelatedness" does not 
seem to imply, however, on either logical or 
psychological grounds, is that the operations 
m question have to enter the repertoire syn- 
chronously I assume that my knowledge of 
developmental psychology is m some sense a 
cognitive structure rather than a collection of 
independent pieces of information However, 
it would be factually wrong to argue that this 
structure abruptly emerged at a given point 
m my adult development— elements, relations, 
and all — and logically absurd to claim that, 
since it did not, it could not now be a gen- 
uine structure Similarly, no one would want 
to argue that adult linguistic operations do 
not constitute a complex structure merely be- 
cause, as all evidence suggests (eg, Khma 
and Bellugi, 1967), the components of this 
structure are acquired piecemeal rather than 
all at once If Piaget's theory is correct, the 
normal child comes to acquire the full set of, 
say, concrete operations dunng middle child- 
hood, and these operations come to be organ- 
ized as psychological structures, it is theo- 
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retically unnecessary and probably empirically 
false to claim also that all these developmen- 
tal events transpire concurrently Much more, 
and much better research evidence will be 
needed before the full developmental story 
for this or any other period can be told, but 
it might have the following general character 
Some sets of operations may regularly begm 
their evolutions more or less synchionously, 
perhaps because they have underlying media- 
tors m common or perhaps because they tend 
to mediate one another Other sets may emerge 
in fixed sequence, as a consequence of media- 
tional connections of a unidirectional sort 
Still other operations may show no invariant 
temporal relations at all Each operation, 
whenever and however inaugurated, will re- 
quire a more or less extended period of con- 
solidation and generalization before it becomes 
reliably serviceable to the child across tasks 
and content areas Either during this whole 
process or during the latter part of it, the 
evolving operations become psychologically 
interconnected, this too probably taking place 
in a gradual and stepwise manner Only when 
the process is completed (if, in fact, it ever 
gets fully completed) will the child’s cogni- 
tive system present most or all of the features 
described in the theorists idealization of it 
This image of how development proceeds sug- 
gests the following, not entirely facetious 
proposition If you really want to study a 
Piagetian concrete-operational structure m all 
its power and glory, choose an adolescent as 
your subject — or better yet, a bnght adultl 
If the various same-stage acquisitions need 
not and probably do not show a really tight 
developmental synchronism, it cannot be de- 
nied that they do show at least a looser kind 
Although the temporal gap between the evo- 
lutions of two concrete operations might be 
3 years, for example, it clearly would never 
be 10 years There obviously is some kind of 
glue that binds acquisitions together m onto- 
genetic time, albeit not as closely as we had 
once thought necessary, and its ingredients 
need to be analyzed The most likely explana- 
tion here seems to be the Piagetian one that 
all within-penod skills are of the same general 
kind, are at the same “level” in some specifi- 
able way For instance, concrete operations 
are conceived as internalized, symbolic actions 
(in contrast to sensorimotor actions), which 
take external data rather than other operations 


as their objects (m contrast to formal opera- 
tions) Furthermore, each period is regarded 
as necessarily prior to the one that follows it, 
with successor integrating predecessor (eg, 
Piaget, 1967b) These conceptions together 
with all the preceding ones may thus serve to 
explain why a cognitive-developmental period 
is not a temporal point, why it is likewise not 
synonymous with all of childhood, why it oc- 
curs roughly when it does, and — more gen- 
erally — why its postulation represents a sub- 
stantive claim about the natuie of intellectual 
development 

^Organismic and Environmental Factors in 
Concept Development 

The concluding section of this chapter will 
attempt little more than a summary of the 
major questions underlying the search for 
orgamsmic and environmental factors m con- 
cept development, a rough categorization of 
the types of research studies which have been 
designed to answer these questions, and the 
citation of relevant bibliography The ques- 
tions can be divided for exposition’s sake mto 
those focusmg primarily on the changing or- 
ganism itself and those emphasizing its devel- 
opmental environment or millieu. 

On the oigamsmic side, the pnncipal ques- 
tion is essentially the following what design 
features of the immature human organism 
make possible the characteristically human 
patterns of intellectual growth described in 
this and other Manual chapters? No such 
growth would be imaginable unless the child’s 
basic “program” contained special processes 
or mechanisms that would somehow permit, 
if not ensure, significant, nonrandom changes 
m that program during childhood On the en- 
vironmental side, the questions concern the 
contribution of external information and other 
sorts of mput to developmental change, smce 
no one believes that these processes and mech- 
anisms operate independently of inflow from 
the milieu We therefore also want to know, 
among other things, what kinds of inflow 
play what causal role (eg, constitute nec- 
essary and/or sufficient conditions) m the 
operation of these processes vis-^-vis what 
segments of conceptual growth Smce the ef- 
fects of environmental factors have been given 
a great deal of attention by developmental 
psychologists, especially in this country, it is 
worth emphasizing that the growth-making 
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activities of the child himself must remam 
one of our most fundamental subjects of study 
In this connection, our scientific objectives 
might well include a kmd of ethological char- 
acterization of the course of human concep- 
tual growth, one emphasizing those underly- 
ing processes and surface conceptual outcomes 
that are species-typical, in the sense of re- 
maining essentially constant over a rather 
wide range of human environments 

The orgamsmic-environmental distinction 
can also be applied to the research hterature 
m this area (although not always effortlessly) 
Some studies show a relative emphasis on the 
child's own capacities and activities, whereas 
others pay particular attention to milieu varia- 
tion and its effects Cross-cutting this division 
is a second, more cleanly dichotomous one 
Some investigations involve active attempts 
to engender developmental change, whereas 
others take it as they find it, The contrast is 
the familiar one between experiment and 
study, or between intervention and noninter- 
vention, where the emphasis is upon environ- 
mental effects, it could be rephrased as a 
distinction between programmed and unpro- 
grammed inputs to the child's conceptual 
growth 

Studies Nomnterventionistic studies have 
investigated the developmental influence of 
several orgamsmic variables Predictably, IQ 
has been one of them, with most studies find- 
ing some positive association between this 
warhorse factor and, for example, perfor- 
mance on various Piagetian tasks (eg, Dod- 
well, 1960, Feigenbaum, 1963, Goodnow and 
Bethon, 1966, Hood, 1962) A potentially 
more interesting variable is linguistic ability, 
smce it has long been assumed that language 
development and conceptual development 
must mteract m some fashion So far as this 
writer can discover, no one has yet formulated 
the possible nature of this interaction m any 
really clear and precise way, particularly with 
respect to putative influences of language ac- 
quisition on conceptual growth Furth’s (eg, 
1964, 1966) recent studies of cognitive devel- 
opment m the deaf strongly suggest that the 
acquisition of a linguistic system (defined 
broadly to include, for instance, a codified 
gesture language of comparable structural 
complexity) cannot be a necessary condition 
for the growth of human thinking, at least up 
to the level of concrete operations Further 


research will be needed to clarify some alter- 
native possibilities that come to mind that 
(broadly-defined) linguistic abilities have 
some weaker, facilitative function up to that 
level, that they might play a stronger, perhaps 
even indispensable role in the more abstract 
realm of formal-operational thought (Petti- 
for, 1964) , and, generally, that they assist the 
growth and continued operation of some kinds 
of cognitive activities much more powerfully 
and directly than they do others Other recent 
writings dealing with this murky issue include 
Brown (1965, Chap 7), Bruner, Olver, and 
Greenfield (1966), Famham-Diggory and 
Bermon (1967), Inhelder, Bovet, and Sinclair 
(1967), Lantz andLenneberg (1966), Piaget 
(1967a, Chap 3), Sinclair (1967), and Wer- 
ner and Kaplan (1963) 

There is one interesting individual-differ- 
ence vanable which so far appears to be lack- 
ing a research hterature Piaget's theory seems 
to imply that an otherwise normally endowed 
child who has a congenital mcapacity for 
manual interaction with the environment (eg, 
bom without arms) would suffer a gross re- 
tardation of intellectual growth, smce the 
theory assigns a very important developmental 
role to the infant's motor actions vis-k-vis 
surrounding objects (these actions subse- 
quently becoming internalized as “operations,” 
etc ) One would therefore like to see a case 
study report on the intellectual attainments 
of such a child, analogous to Lenneberg's 
(1962) report on the receptive linguistic abil- 
ities of a boy bom without the capacity to 
make speech sounds The writer's guess is 
that Piaget's theory would not fare well m 
this research encounter 

Environmental factors which have been 
considered include family background (socio- 
economic status, religion, etc ), cultural mi- 
lieu, and schooling We cite here only the bulk 
of available references on the effects of school- 
mg-nonschoohng (Bruner, Olver, and Green- 
field, 1966, Goodnow, 1962; Goodnow and 
Bethon, 1966, Mermelstein and Shulman, 
1967, Pnce-Wilhams, 1962) and cultural en- 
vironment (Bruner, Olver, and Greenfield, 
1966, Cowley and Murray, 1962, Goodnow, 
1962, 1967, Hyde, 1959, Jahoda, 1956, 1958a, 
1958b, Piaget, 1966, Pnce-Wilhams, 1961, 
1962, Vernon, 1965) The influence of these 
two factors has generally been found to be 
quantitatively and qualitatively different from 
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task to task While really satisfactory explan- 
ations for these variable effects are not yet in 
view, there have at least been some interest- 
ing recent attempts (eg, Bruner, Olver, and 
Greenfield, 1966, Goodnow, 1967, 1969 
Piaget, 1966) One of the major problems 
with all such research, of course, it the diffi- 
culty one has m translating global character- 
izations of the child's environment (eg, ‘has 
had no schooling,” “is growing up in a Wolof 
village”) into specific descriptions of the de- 
velopmentally relevant life expenences he has 
undergone The recent work of Hess and Ship- 
man (1965) is an example of how at least 
partial translations of this land can be effected 

Experiments. A complete inventory of in- 
vestigative efforts to influence the child's in- 
tellectual growth would take us deep into the 
trackless wastes of educational research We 
propose instead to consider only a certain 
group of such experiments, a group that is 
short on history but rather long on contempo- 
rary mterest laboratory or quasi-laboratory 
attempts to foster the acquisition of Piagetian 
concepts The paradigmatic experiment here 
begins with a pretest diagnosis of the child’s 
initial status vis-a-vis the concept or concepts 
of mterest, proceeds to a brief (e g , 2 hours), 
individually administered training experience 
of some kind, and concludes with one or 
more repetitions or elaborations of the original 
diagnostic procedures m order to assess the 
effects of the training The implicit assump- 
tion in most of these experiments is the fol- 
lowing if a particular developmental change 
can be generated by the essential components 
of a given training procedure (provision of a 
certam kind of environmental information, ac- 
tivation of a certam type of orgamsmic proc- 
ess, or whatever), then it is probable that this 
same change is regularly so generated m real 
life Although this assumption has a certam 
plausibility m the case of some of these stud- 
ies (but not m all), there is of course always 
the nsk for the investigator of mistaking the 
sufficient but atypical for the necessary or 
normative 

The number of these Piagetian training 
studies has increased maikedly durmg the 
past 5 years There appears to have been only 
about a dozen of them completed by 1961- 
1962 (Flavell, 1963, pp 370-379) It is 
doubtful if anyone knows exactly how many 
have been earned out since (a number of 


them are described only in unpublished theses, 
for mstance) , but there must be a total of at 
least five dozen by now The following list 
of relevant sources should therefore not be 
regarded as exhaustive Anderson (1965), 
Beilin (1965, 1966), Beilin and Franklin 
(1962), Beilin, Kagan, and Rabinowitz 
(1966), Brame and Shanks (1965a, 1965b), 
Bnson (1965), Bruner, Olver, and Greenfield 
(1966), Carbonneau (1965), Churchill 
(1958a, 1958b), Feigenbaum and Sulkin 
(1964), Flavell and Wohlwill (1969), 
Fleischmann, Gilmore, and Gmsburg (1966), 
Fournier (1965), Fry (1966), Gagn4 (1966a, 
1966b), Gilmore (1966), Greco (1959, 
1963b), Gruen (1965), H6tu (1966), In- 
helder, Bovet, Sinclair, and Smock (1966), 
Inhelder, Bovet, and Sinclair (1967), Karplus 
(1964), Kohnstamm (1963, 1965, 1967), 
Langer (1967), Lasry (1966), Laubengayer 
(1965), Morf (1959) Northman (1964), Oje- 
mann and Pritchett (1963), Ojemann, Maxey, 
and Snider (1965a, 1965b), Pascual-Leone 
and Bovet (1966), Piaget (1964a — see also 
Piaget’s chapter m this book), Pmard and 
Laurendeau (1969), Pufall (1966), Shantz 
and Sigel (1967), Sigel, Roeper, and Hooper 
(1968), Sinclair (1967), Smedslund (1961a, 
1961b, 1961c, 1961d, 1961e, 1961f, 1963b, 
1963c, 1963e, 1963f, 1964b), Stendler 

(1967), Suchman (1960), Thier, Powell, and 
Karplus (1963), Wallach, Wall, and Ander- 
son (1967), Wallach and Sprott (1964), 
Wohlwill (1964a, 1966a, 1966b), Wohlwill 
and Lowe (1962) , Wynns (1967), and Zim- 
i les (1963) 

Our earlier distinction between orgamsmic 
and environmental research orientations be- 
comes very strained when applied to this 
group of expei rments The purest example of 
an orgamsmic variable here would perhaps 
be Piaget’s hypothesized process of equilibra- 
tion of cognitive actions, since the emphasis 
is on what the child actually does vis-4-vis 
stimulus input rather than on the particular 
nature of that input itself or on its manner of 
delivery On the other hand, the investigator 
must also pay very careful attention to these 
latter factors if he really expects to elicit this 
supposedly formative, "spontaneous” process 
in a laboratory setting (Beilin, 1965, Carbon- 
neau, 1965, Fournier, 1965, Gruen, 1965, 
Inhelder, Bovet, and Sinclair, 1967, Langer, 
1967; Smedslund, 1961e, 1961f, 1963e, 1963f, 
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1964b, 1966a), Conversely, the researcher 
who is more interested in the nature and 
mode of presentation of environmental infor- 
mation (eg, Anderson, 1965) must, it would 
seem, eventually speculate about the particular 
kind of machme that could make developmen- 
tal progress in the course of processing this 
information 

This Janus-faced character of the training 
study is also expressed in the multitude of 
potential scientific uses it may have Given 
the right design and unequivocal results, we 
could variously conceive of it helping us to 
understand, m the case of the cognitive device 
(child) as a whole, how this device is con- 
structed at any given developmental level, 
what it characteristically does with environ- 
mental inputs m order to change its current 
structure, and what type, form, and range of 
information from the milieu will sustain or 
elicit this growth-building activity And in the 
case of any particular hallmark of that device 
(eg, a conservation concept), it could help 
us understand what its underlying compo- 
nents are, and how these particular com- 
ponents might have entered the system 
(again, by what organismic processes and 
vis-&-vis what environmental inputs) Most if 
not all of these scientific aims find their ex- 
pression somewhere within the existing litera- 
ture, and other variations could be mentioned 
For instance, training studies might be used 
for purely diagnostic purposes, with the train- 
ing being regarded only as a useful procedure 
for stripping away performance obstacles in 
order to make manifest the child's underlying 
competence (m rather the same way that 
psychotherapy can be thought of as one route 
to better diagnosis) Recent research by 
Braine and others (eg, Brame and Shanks, 
1965b) has some features of this approach 


Similarly, it would be worth exploring whether 
the effectiveness of a given form of training 
depends, not only upon the child's initial de- 
velopmental status vis-a-vis the target con- 
cept (the familar “readiness” notion), but 
also upon the general developmental penod 
he is m and, consequently, the general kind 
of skill he is to acquire Verbal-didactic 
methods, for example, might prove more ef- 
fective for teaching formal-operational skills 
to preadolescents than for teaching concrete- 
operational skills to preschoolers, because of 
the basic differences involved in what is to be 
learned and in what kind of organism does the 
learning 

In what measure have existing training 
studies realized the scientific potential we 
have somewhat optimistically ascribed to 
them? A vague generalization must suffice in 
lieu of a properly detailed and documented 
statement to a very limited extent only The 
basic requirements for a good training study 
are simple enough in principle exact specifi- 
cation of initial cognitive status, of final cog- 
nitive status, and of intervening inputs and 
processes For reasons frequently mentioned 
in previous sections, however, these require- 
ments are extraordinarily difficult to meet m 
practice, and even the most careful and so- 
phisticated of the available training experi- 
ments (e g , Fournier, 1965, Inhelder, Bovet, 
and Sinclair, 1967 — each reader of this litera- 
ture would have his own favorites) raise more 
questions than they answer It may seem a 
trite and lame ending to this chapter to say 
that much more really good research is 
needed, and that really good research always 
seems to be the hardest kind to do Nonethe- 
less, nothing could be truer of the whole area 
of concept development at the present time 
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15 . The Development of Language* 

DAVID MCNEILL 


Like the humors of the mind, the develop- 
ment of a child may be divided conveniently 
into four parts 

One part is physical maturation Another is 
personality development, including the proc- 
ess of socialization A third is intellectual de- 
velopment And a fourth is language develop- 
ment The division is artificial but useful, 
tolerated because of its advantages for or- 
derly inquiry However, it should not be 
allowed to obscure the fact that the four parts 
intertwine m complex ways to make up a 
process absolutely unique m the animal king- 
dom — human growth 

It is clear, for example, that socialization 
depends on the acquisition of language Yet 
it is equally clear that language bears the 
marks of socialization, as the linguistic differ- 
ences among social classes attest The devel- 
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opment of personality both acts on and reacts 
to the development of intellect, as evidenced 
by the cases where both fail m schizophrenia 
(Inhelder, 1966) Indeed, although the in- 
teraction is rarely examined, the network of 
characteristics we call personality could not 
develop at all were it not for a child’s capac- 
ity to represent his world m the particular 
way that forms the subject matter of cognitive 
psychology Yet there are also differences in 
cognitive style, m the characteristic modes of 
thought that accompany particular types of 
personality (Kagan et al, 1963) 

This chapter is concerned with two such 
interactions One is between the acquisition of 
language and the growth of intellect The 
other is between both of these and the proc- 
ess of maturation The parts so mtertwmed 
may strike the reader as an arbitrary selection 
However, the selection is a sensible one, and 
the interaction among them provides consid- 
erable insight mto the process whereby a 
child becomes an adult But this is the sub- 
stance of the chapter 

PLAN OF THE CHAPTER 

To understand the acquisition of language, 
it is essential first to understand something of 
what is acquired There is, therefore, a Lin- 
guistic Appendix Readers unfamiliar with de- 
velopments in modem linguistics are urged 
to begin with it, others may want to refer to 
the Appendix only as the occasion requires 

The phenomenon of language poses a chal- 
lenge for psychologists, A grammar is a sys- 
tem of knowledge It is everywhere complex 
and at many points abstract Yet very young 
children acquire grammars, and they do so m 
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a surprisingly short period of time For rea- 
sons to be discussed m the first section of the 
chapter, various theories of development can- 
not account for this achievement Explanation 
must follow other lines One view is that the 
acquisition of language rests on certain lin- 
guistic capacities (which are reflected m 
language as linguistic universals) These 
capacities may be innate and may mature 
with time 

The bulk of the chapter is a survey of lan- 
guage acquisition itself It is organized under 
three major headings, one for each of the 
three mam components of a grammar syntax, 
phonology, and semantics A description will 
be given of the methods typically used m 
studying the development of each component, 
then the emergence of the components them- 
selves will be traced, insofar as this is known, 
finally, there will be a discussion of various 
theoretical issues m the light of the empirical 
findings piesented Wherever possible, men- 
tion will be made of children exposed to lan- 
guages other than English, with the chief con- 
trast languages bemg Russian and Japanese 

A Caveat There has been no serious at- 
tempt to survey the literature on language 
acquisition m a comprehensive way This 
chapter is organized on principles other than 
inclusion First, most of the references are 
recent McCarthy’s review (McCarthy, 1954) 
should be consulted for the earlier work 
Moreover, recent developments m linguistics 
pose important issues for psychology, and ex- 
amination of them takes priority within the 
limits of space over comprehensive citation 
The criteria for including studies m this chap- 
ter, therefore, have been two that they have 
not been covered by earlier editions of this 
Manual, or that they contribute m some way 
to the clarification, definition, or resolution of 
theoretical questions raised by the process of 
linguistic development 

SYNTAX 

One major issue can be stated immediately 
Normal children, not impaired by deafness, 
bram damage, or other physical or psychic 
disorders, begin to babble at about 6 months, 
utter a first "word” at 10 to 12 months, com- 
bine words at 18 to 24 months, and acquire 
syntax almost completely at 48 to 60 months 
All children pass such a sequence of "mile- 


stones,” always at roughly these same ages 
(Lenneberg, 1967) They do so regardless of 
the language they acquire, or of the circum- 
stances under which they acquire it Such 
massive regularities of development remmd 
one more of the maturation of a physical proc- 
ess, say, walking, than of a process of educa- 
tion, say, reading One might even say that 
children cannot help leammg a language, 
whereas they can easily avoid learning to 
read 

The acquisition of language thus shows 
some of the characteristics of physical matura- 
tion Yet, at the same time, it is obvious that 
language is learned Without certain linguis- 
tic experiences children acquire no language 
at all — as m the case of congenitally deaf or 
criminally neglected children 

One psychological issue, then, deals with 
the explanation of this peculiar combination 
of facts The legular development of language 
stiongly suggests the operation of a matura- 
tional piocess, as Lenneberg (1967) has ar- 
gued recently The complete absence of lan- 
guage m children deprived of all linguistic 
experience equally suggests a process of learn- 
ing Both leammg and maturation are neces- 
sary conditions for the development of lan- 
guage, but neither is sufficient To understand 
such a problem, clearly we must consider 
both the innate and the acquired aspects of 
linguistic competence, as well as the way m 
which they combine 

Nativism and Empiricism in Developmen- 
tal Psycholinguistics The question of what is 
innate and what is acquired m behavior and 
language is often posed m the same terms 
one would use in describing the selection of 
a wife Except for polygamous societies, a 
person can have only one mate — either po- 
tential wife A or potential wife B must be 
chosen Similarly, many wonder if language is 
innate or acquired These questions are raised 
on the assumption that there is some reason to 
choose between the two alternatives, as if the 
truth about language acquisition required ad- 
vancing one view at the expense of the other 
In fact such questions are of marginal inter- 
est The promotion of one of these views over 
the other merely serves the cause of obfusca- 
tion, not of truth 

The dichotomy between nature and nurture 
has been a pernicious one for psychology It 
is pernicious because it has mainly polemical 
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value and obscures a far more basic question 
of the interaction of innate abilities with ex- 
perience One must suppose that there is a 
correct view of the latter, although of course it 
may not yet have been discovered Whatever 
this correct view is, however, it is logically 
independent of the argument over whether 
language is largely innate or acquired The 
two questions are quite distinct It is mislead- 
ing to state what children learn m acquiring 
a language without understanding what is in- 
born, conversely, it is misleading to state 
what is innate m language without under- 
standing how it interacts with experience 
Only one hypothesis is reasonable, not a pair 
of rival hypotheses However, nearly all the 
debate over the existence of an innate endow- 
ment for language acquisition has rested on 
the dichotomy of innate and acquired aspects 
of language, and not on the question of how 
the two interact 

The Problem of “Cognition and Language ” 
Given that the basic problem m explaining 
language acquisition is to understand how 
the innate abilities of children interact with 
their linguistic experience, there remains a 
need to consider such theories of learning and 
cognitive development as are currently avail- 
able, and whether or not they can account for 
this interaction 

For reasons considered at various points in 
the Linguistic Appendix and in this section 
on syntax, theories of learning based on S-R 
principles are inappropriate to the task The 
acquisition of language mvolves the develop- 
ment of abstract linguistic knowledge, and 
there appears to be no way without question- 
begging to apply a theory couched m terms 
of “S" and “R" to a phenomenon where neither 
“S” nor “R" can be defined For a number of 
strong arguments on this point, see Chomsky 
(1959), for a defense of S-R theory, see Os- 
good (1968), Palermo (in press), and Staats 
(in press) 

Theories of cognitive development, such as 
Piaget's, cannot be dismissed so easily There 
are no a prion reasons to doubt the appro- 
priateness of these theories to language ac- 
quisition, the problem instead is an empirical 
one, For each such theory we must ask 
whether oi not the facts of linguistic develop- 
ment can be understood m the terms offered 
by the theory 

Such an inquiry, when it succeeds, would 


make a fundamental contribution, for it would 
explam an aspect of the universal form of 
human language on the basis of general psy- 
chological principles Let us call this enter- 
prise the problem of “cognition and language” 
to distinguish it from the exactly opposite 
question of language influencing thought, 
which historically has been called the problem 
of “language and cognition ” 

The problem of cognition and language has 
not been widely recognized There is little or 
nothing written of it Moreover, the impres- 
sion of this reviewer is that little or nothing 
could be written of it The most comprehen- 
sive theories of cognitive development take 
the general form of language for granted, 
they do not regard it as a phenomenon to 
be explained Vygotsky (1962) and Burner 
(1966), for example, have concentrated oq 
the opposite problem of language and cogni- 
tion, Piaget (1926, also Sinclair-de Zwart 
1967) has dealt with the expression of 
thought m language — which again is not the 
problem of “cognition and language ” 

Although occasional aspects of Piaget's 
theory may help explam fragments of lan- 
guage acquisition (such as the fusion of early 
speech with action, which seems to reflect the 
operation of sensoiy-motor intelligence), suc- 
cesses are rare and always leave one wonder- 
ing if a reformulation of the cognitive theory 
would not lead to a stronger grip on language 

The immediate prospects of explaining the 
acquisition of language are bleak, but not 
hopeless One can reverse the direction of ex- 
ploration Can the aspects of linguistic de- 
velopment that he beyond psychological ex- 
planation be construed as matters of cognitive 
development? And if they can, then how 
might our theories of cognitive development 
be enriched to include the new cognitive 
phenomena? We shall encounter two out- 
standing examples of such a possibility One 
is predication and the other is the set of 
transformational relations that universally exist 
between the deep and surface structures of 
sentences m all languages Both are prominent 
in the acquisition of language, and yet neither 
apparently can be explained m terms of any 
cognitive theory 

It is important in this context to maintain 
a distinction between two kinds of linguistic 
universal We shall call the two “weak" and 
“strong" (McNeill, 1969). 
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Weak Features that automatically appear 
in language because of conditions existing 
outside language, eg, in cognition or per- 
ception 

Strong Features that appear m language 
because of peculiarities of the human com- 
munication system itself, and so are not caused 
by general cognitive or perceptual abilities 

There exists no way a pnon to tell mto which 
of these categories a particular linguistic uni- 
versal falls A linguistic description does not 
tell us why a feature is universal 

The importance of the difference between 
the two kinds of linguistic universal should 
not be overlooked Only weak umversals are 
relevant to the problem of cognition and lan- 
guage, a theory of cognition would be in 
error if it explained strong umversals Con- 
sider predication well-formed sentences in 
every language must contain a subject and a 
predicate, the two bemg related by predica- 
tion Mary alone and out of context is not a 
sentence, whereas Mary sings is In Japanese 
also, Mary alone and out of context is not a 
sentence, but Mary-wa utaimasu is Languages 
differ, often radically, m the form taken by 
predication, but they do not differ m the 
sense that any language fails to include it We 
may wonder, therefore, if predication appears 
universally m language because it is imposed 
by a general cognitive ability, or if there is 
mstead a universal linguistic ability to express 
predication In the second case, linguistic 
predication belongs to the category of strong 
umversals, and we expect to find examples of 
'‘cognitive predication” in the absence of lin- 
guistic predication — among animals, for in- 
stance, or among very young children In the 
first case, however, linguistic predication is a 
weak universal and therefore should appear 
when nonhnguistic predication appears and 
must be mcluded in any attempt to explam 
the development of language on the basis of 
the development of cognition 
The problem of cognition and language is 
not pursued m this chapter Nonetheless, the 
reader is invited to bear it m mind as he fol- 
lows the development of language, as it is 
set forth m the following pages 
We now turn to the development of syntax 

Methodology and Methodological Issues 
There is little in the study of language ac- 
quisition that can be called Methodology, 


with a capital M The very speed of linguistic 
development constrains the methods used m 
studying it Massive changes m the grammati- 
cal status of children take place between 1J4 
and 3 years The age at which studies can be 
conducted is thereby fixed, and it is no one’s 
fault that this age falls at a time for which 
there is, m general, no well developed meth- 
odology In such circumstances, the simplest 
methods — for example, turning on a tape 
recorder — are as good as any, and the bulk of 
recent observations has been collected m this 
way 

Recent studies of the development of syn- 
tax can be organized m terms of three con- 
trasting strategies 

1 Observers have examined either the pro- 
duction or comprehension of speech 

2 They have attempted either to trace 
general linguistic advancement or the emer- 
gence of particulai grammatical systems 

3 They have conducted either expen- 
mental studies or made observations of spon- 
taneous linguistic behavior 

Of the eight possible categones of methods 
formed m this way, only four have been used 
at all, and most studies have used just two 
There have been no studies, for example, of 
general comprehension Most have worked 
with spontaneous linguistic production, fol- 
lowing the development of either general 
linguistic competence or particular linguistic 
systems Certain strategies naturally go with 
others, comprehension, for example, has al- 
most always been studied experimentally 
With the exception of Smclair-de Zwart (1967) 
there have been no studies seriously attempt- 
ing to relate linguistic development to intel- 
lectual development, which is, perhaps, a 
fourth strategy, as well as a substantive issue 
Rather than make a list of the extant cate- 
gones of research methods — a list that may 
change tomorrow — it seems more profitable 
to discuss the broader categones of research 
that present certain methodological issues 
General versus Particular Analyses The 
richest details and the deepest msights have 
so far come from longitudinal collections of 
observations Such studies follow general 
linguistic development as well as the emer- 
gence of particular grammatical systems Very 
often the same project lends itself to both 
strategies, so their proper relationship must 
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be understood But first a word on the studies 
themselves 

Almost without exception, observational 
studies have been engaged with the produc- 
tion and not the comprehension of speech 
All are descendants of the early diary studies 
long conducted by newly parental linguists 
(Stem and Stem, 1907, Leopold, 1939, 1947, 
1949a, 1949b), and they jhffer from the 
earlier work mainly in the use of other 
people’s children and m the collection of 
tape-recorded protocols Brame (1963a), 
Weir (1962), Brown and Bellugi (1964), 
Miller and Ervin (1964), McNeill (1966b), 
and Gruber (1967) have all contributed 
varying amounts to this literature 

Typically, a small group of children is 
visited, at home, once or twice a month, 
where everything the child says and every- 
thing said to him, is tape recorded The re- 
cordings are usually supplemented by running 
commentaries, made on the spot, descnbmg 
the general situation in which the speech was 
uttered The ultimate step m such extra- 
linguistic record-keepmg is to place every- 
thing on film or television tape, a step recently 
taken by Bullowa, Jones, and Bever (1964) 
Longer intervals between visits are possible 
and, for many purposes, are as useful as the 
2- to 4-week intervals customanly used The 
reason for these visits is to acquire a corpus 
of spontaneous utterances from a child The 
significant part of the study lies m the anal- 
yses made of the corpus so collected 

It is m the treatment of the corpus that 
the two strategies — the analysis of general 
linguistic development and the analysis of 
particular grammatical systems — differ The 
decision to conduct one analysis or the other 
rests in part on certain methodological issues 

One can try to write a grammar that de- 
scribes a child’s complete corpus The hope 
in this case is to capture his total linguistic 
system at the time the corpus was collected, 
without distortion from adult grammar It is 
often done by performing a distributional 
analysis of the child’s speech The procedure 
followed is clearly described m Brown and 
Fraser (1964), Braine (1963a) also provides 
some helpful comments, Essentially, an in- 
vestigator searches for words that appear m 
the same contexts, the assumption being that 
such words are members of the same gram- 
matical class m the child’s grammatical sys- 


tem Words with different privileges of occur- 
rence are assumed to belong to different 
grammatical classes 

Suppose, for example, that a corpus col- 
lected from a 2-year-old contains the follow- 
ing utterances 

My cap 
that cap 
a shoe 
that horsie 
other dog 
a daddy 
big shoe 
red sweater 

One could conclude that the words on the 
left all belong to one grammatical class, the 
words on the right all belong to a different 
grammatical class, and the child’s grammar 
at this point considers a “sentence” to be any 
word from the first class followed by any 
word from the second class 
Words are placed into the same categories 
m a distributional analysis when there are 
no systematic differences in their usage rela- 
tive to other words — they then have identical 
privileges of occurrence My and that belong 
together because they both appear with cap 
Horsie and cap go together because they 
both follow that Cap and shoe are seman- 
tically similar, or so one assumes, so words 
that they can follow — my, that, a, and big — 
are placed together in the first class, and 
words that can m turn follow these words — 
cap, shoe, home, and daddy — fall together 
into the second class The similarity of 
home and dog justifies adding other to the 
first class, as does the similarity of sweater, 
cap, and shoe, which justifies adding red also 
to the first class 

As these examples make clear, the inde- 
pendence of distributional analysis from the 
analyst’s own knowledge of language is 
limited A distributional analysis does not 
insist on the co-occurrence of words m strictly 
identical contexts, but counts appearance in 
the context of meaningfully related words as 
co-occurrence also Moreover, one assumes 
that nonoccurring combinations — for example, 
that sweater or big daddy — are allowed by 
the child’s grammar but are not observed be- 
cause of sampling limitations 
Having established what seem to be a 
child’s grammatical classes, the rules of hi$ 
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grammar are written to state the manner in 
which classes are combined — in this case, 
Class 1 + Class 2 More complex categories 
demand more complex rules, but in every 
case the rules merely summarize the patterns 
of categories observed m a child’s corpus 
Studies that have prepared distributional 
analyses m this manner are Brame (1963a), 
Brown and Fraser (1964), and Miller and 
Ervin (1964) 

An important methodological question is 
raised by such investigations An investigator 
combines individual utterances (my cap , a 
shoe, etc ) into categories through the appli- 
cation of certain principles of combination 
(shared privileges of occurrence), and then 
states the regularities observed among the 
categories so formed (Class 1 + Class 2 is a 
sentence) But none of this necessarily com- 
prises a statement of a child’s linguistic com- 
petence, his knowledge of language It is a 
summary of his performance, whereas a 
statement of competence is a theory about 
what a child knows 

Moreover, there is serious question whether 
or not a theory of competence can ever be 
developed from manipulations of a corpus 
Contemporary linguists deny that it can be 
done (see Chomsky, 1964, Lees, 1964, for a 
discussion of such investigations of child 
language) A corpus is incomplete, unsyste- 
matic, and (m the case of adults, at least) 
insensitive to a number of important gram- 
matical distinctions, Insofar as utterances 
from children are limited in the same way, a 
distributional analysis will not lead to a cor- 
rect description of competence, however 
neatly it may summarize perfoimance, and 
there is no way to tell when a corpus is so 
limited A distributional analysis at best pro- 
vides a description of a child’s grammatical 
classes, plus some hints as to his grammatical 
rules A theory of competence that explams 
these classes and rules may well take an 
entirely different form, a phenomenon that 
we shall see repeatedly m the pages that fol- 
low The most elaborate general analyses of 
child grammar go far beyond the distribu- 
tional evidence of a corpus (eg, Brown, 
Cazden, and Bellugi, 1968) 

As a description of performance, distribu- 
tional analysis is but one source of informa- 
tion among mem y Other observations, dealing 
with other aspects of performance, are often 


of equal importance, m some cases, they are 
more easily justified 

Among other sources of information are 
observations made under the second strategy 
mentioned above Rather than attempt to 
describe the total corpus collected from a 
child at some pomt in time, one examines 
the emergence of a particular grammatical 
system as it is manifested at diffeient times 
Thus one might study the development of 
negation (Bellugi, 1964), or questions (Klima 
and Bellugi, 1966), or a host of other gram- 
matical systems The advantage of this strat- 
egy lies in the demands it places on observa- 
tion, arising from the very fact that it does 
what a distributional analysis typically strives 
to avoid — it exploits the fact that adult gram- 
mar is the endpoint of linguistic development 
A distributional analysis attempts to discover 
parts of a grammai from a corpus The second 
strategy begins with a part of adult grammar 
and judges if there is sufficient evidence in 
the corpus to justify ascribing it to a child 
The demands on the second strategy are 
weaker than the demands on the first, for it 
must only lecogmze the applicability of a 
known theory, it does not have to discover 
an unknown theory 

When an adult analysis cannot be ascribed 
to a child, one can still describe the sequence 
of events followed m reachmg the adult 
system Thus, for example, children first 
negate by saying not want , then don’t want 
some , then don’t want none, and finally, don’t 
want any (Bellugi, 1964) At each pomt, 
one can say what a child lacks with respect 
to the adult system he does not have auxil- 
iary verbs, he does not have negative pro- 
nouns, and he does not have indeterminate 
pronouns, respectively But one does not at- 
tempt to discover from these observations the 
child’s grammatical system That is a separate 
step — a matter of the investigator’s invention, 
ingenuity, imagination, and good fortune It 
is everything, indeed, except a matter of 
discovery 

The following quotation from Brown, Caz- 
den, and Bellugi (1968) summarizes many 
of the dangers and opportunities of following 
either strategy when interpreting a corpus of 
utterances collected from a child* 

We operate on the general assumption that 
the child’s terminal state of knowledge is of 
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the sort represented by current transforma- 
tional grammars However, we do not simply 
attribute to each sentence that the child pro- 
duces the analysis that would be appropriate 
to that sentence if it were produced by an 
adult if we were to do that the inquiry 
would be largely vacuous Insofar as the 
child’s particular sentence — and all related 
sentences — depart from adult forms the gram- 
mar is tailored to the departures The most 
informative departures are analogical errors 
of commission such as goed Harder to 
interpret, but still important, are errors of 
omission such as the absence of auxiliary did 
Omissions in a sentence are at least easy 
to detect but omissions in the distributional 
range of a form are harder to detect and 
harder to interpret since it is necessary to 
weigh the probability that an omission is 
simply a consequence of the size of the 
sample that has been taken Finally all the 
errors that occur must be considered in com- 
parison with conceivable errors that do not 
occur Even this full procedure will not 
render the construction completely determi- 
nate in all respects The mdeterminacies are 
tentatively resolved by assigning the usual 
adult representation insofar as that represen- 
tation does not depend on forms that have 
never appeared m the child’s speech (p 31) 

It is possible to carry the second strategy 
to the level of true experimentation Instead 
of observing the spontaneous occurrences of 
particular grammatical features, one tries to 
evoke them For example, Ervm (1964), 
working with W Miller, tested children's 
knowledge of English plurals by presenting 
free-form figures made of wood, each named 
with a nonsense syllable A child is first shown 
one such figure, perhaps shaped like a salt- 
cellar and called a bunge , and then is pre- 
sented with a second figure exactly like the 
first What does he call the two figures to- 
gether — bunge or bunges? The latter would 
indicate mastery of the rule for the pluraliza- 
tion of English nouns endmg m sibilants The 
age at which a child demonstrates such 
mastery can be compared to the age at which 
he correctly uses such genuine plurals as 
oranges 

A similar method can be used to elicit the 
past-tense inflection of verbs The procedure 
suffers some uncertainty in this case, mas- 


much as past time is difficult to exemplify 
perceptually A failure to elicit a past-tense 
inflection may result from a failure of the 
experimenter to present the appropriate con- 
ditions, as well as from a failure of the child 
to add past-tense inflections when the con- 
ditions are right Nonetheless, one can at 
least approach the problem by demonstrating 
a novel gesture, saymg at the same time Fll 
sib it, and then asking a child what had been 
done 

A child’s ability to change model sentences 
into transformationally related sentences — to 
change, for example, active sentences into 
passives — has been studied by Brown (1968) , 
working with Anita Olds, by means of the 
“alligator test” Two adults, each with a 
puppet, engage m the following dialogue 

Bear The cat chased the dog 

Alligator The dog was chased by the cat 

Bear The zebra pushes the hippo 

Alligator The hippo is pushed by the 
zebra 

And so on The alligator speaks only in pas- 
sive sentences After a child has witnessed 
such exchanges for a time, he is given the 
alligator and asked to play its part. The 
method can be extended to many kinds of 
sentences and to many kinds of relations 
among sentences Bellugi (1967) suggests 
studying negation in this way, questions could 
be approached through the alligator also 
Bellugi (1967) has described a number of 
tests of negation, some for comprehension, 
others for production All are suitable for 
use with young children Since the variety of 
syntactic forms covered is quite large, only a 
samplmg will be given here 
To test a child’s comprehension of nega- 
tives affixed to auxiliary verbs, a child can be 
shown a doll with movable arms, one arm up 
and the other down The child is told to 
make the doll fit either of the sentences, “the 
boy can put his arms down” or “the boy 
can’t put his arms down ” 

To test a child’s comprehension of -negation 
used in Wh-questions, a child is shown an 
array of objects — a boy doll, an orange, an 
apple, a ball, a toy, a tomato, and an ashtray 
— and is asked ‘What can the little boy eat?” 
or ‘What can’t the little boy eat?” 

To test a child’s comprehension of affirma- 
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tive pronouns (such as some) and negative 
pronouns (such as none), a child is shown a 
doll and a few blocks and is told to make the 
doll fit either of the sentences "The doll can 
push some of the blocks,” or "The doll can 
push none of the blocks ” 

To elicit negative indefinite forms (pro- 
nouns based on any), a child is first shown a 
doll with a hat on its head and is told "Here 
is John He has something on his head ” The 
child is shown a second, hatless doll and is 
told "Here is Bill What does he have on his 

head? He doesn’t have ” 

Another technique is to give a child sys- 
tematically distorted forms, the distortions 
being designed to bear on points of syntactic 
interest, and ask the child to correct the 
errors For example, "he not touchmg it,” can 
be corrected by a child who knows that in 
English negatives must be attached to auxil- 
iaries, but not by a child ignorant of this fact 
The reader can exercise his own ingenuity 
m devising other tests It would be well, 
however, to bear m mind Bellugi’s admoni- 
tion that such techniques serve only to sup- 
plement the findings obtained fiom children’s 
spontaneous speech Tests of linguistic com- 
petence can never be rich enough, subtle 
enough, or sensible enough to stand on their 
own 

Perhaps the best known test of children’s 
productive abilities is the test devised by 
Berko (1958) A comparable test has been 
independently developed by Bogoyavlenskiy 
(1957) for use with Russian children (see 
Slobm, in press) Berko investigated the de- 
velopment of the morphological inflections 
of English plural marking of nouns, past- 
tense marking of verbs, comparative marking 
of adjectives, plus some others 

The test uses a set of diawmgs of exotic 
creatures doing ordinary things, or ordinary 
creatures doing exotic things Berko used it 
with children 4 to 6 years old, although it 
has been used with children as young as 2 
(Lovell, 1968) One drawing, for example, 
shows a shmoolike creature It is introduced 
as a wug "Here is a wug ” Then two more 
are shown, the experimenter saying, "Here 
are two others, there are two ,” his 

voice trailing off, hoping to elicit a plural in- 
flection The test includes items presenting 
each of the conditioning phonemic environ- 
ments of the plural and past-tense inflections 


of English, so by the end, one has collected 
a complete sample of a child’s morphological 
inflections 

Studies of Comprehension A second 
methodological issue involves the compre- 
hension of grammatical forms — how it is to 
be investigated, and why Unlike the first 
methodological issue, which involves the 
clarification of the proper role of an existing 
method, this methodological issue mvolves 
the clarification of the requirements of a 
method that does not yet exist 

There are several reasons for studying com- 
prehension As one of the linguists at The 
Fourth Conference on Intellective Processes 
(Bellugi and Brown, 1964) pointed out, m 
comprehension the investigator knows what 
the input to the process is — it is the sentence 
comprehended Thus when comprehension 
fails, the source of trouble can be located 
The same cannot be said for production 
What is the input for, say. What I can do 
mommy? 

Moreover, even though the results of pro- 
duction are easy to observe, it is not always 
obvious what the observations mean Does 
the fact that a child systematically excludes 
auxiliary verbs from his speech signify the 
absence of Aux from his grammar, or does it, 
on the contraiy, indicate censorship of Aux 
from his speech m order to meet the con- 
straints of an abbreviated memory span? Al- 
though these are matters of production, it is 
only thiough the testing of comprehension 
that such questions can be settled 

We shall now describe the few studies that 
have attempted to investigate comprehension, 
point out their limitations, and present some 
promising new techniques 

Brown (1957) demonstrated that certain 
of the major grammatical classes have seman- 
tic correlates for children He used a test of 
comprehension that apparently has not been 
employed since A child is shown a drawing 
of someone performing a strange action with 
a peculiar substance contamed m an odd 
bowl The picture thus presents an action, a 
mass, and a container — three states that 
would be descnbed m English by a verb, a 
mass noun, and a count noun, respectively 
As the picture is shown, the experimenter says 
what it is it shows how to wug , or some wug , 
or a wug Whichever the child is told, he is 
next shown three drawings — one of the action 
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alone, one of the mass alone, and one of 
the container alone — and is asked to select 
the one that portrays what was labeled in the 
first picture To the degree that a child is 
sensitive to the referential implications of 
verbs, mass-nouns, and count-nouns, he will 
be able to make appropriate choices (but see 
Braine, m press, for a different interpreta- 
tion) Brown used this test with nursery- 
school children, finding them to be sensitive 
to the implications of each grammatical class 
In view of the claim sometimes made (eg, 
Slobin, 1966a) that children first construct 
grammatical classes on a semantic basis, it 
would be useful to repeat the experiment with 
younger, say, 2-year-old children 

A second test of the comprehension (as 
well as the production) of speech appears m 
an experiment by Fraser, Bellugi, and Brown 
(1963) Their method has come to be called 
the ICP Test, for Imitation, Comprehension, 
and Production Again a set of drawings is 
shown to a child, this time in pairs Each 
pair presents a refeiential correlate of some 
syntactic contrast — for example, subject vei- 
sus direct object (a boy pushing a girl and a 
girl pushing a boy) In all, 10 different con- 
trasts are represented Comprehension is 
tested by saying to a child, "Here are two 
pictures, one of a boy pushing a girl, and the 
other of a girl pushing a boy," care bemg 
taken not to show which picture goes with 
which sentence The child is then asked to 
point to the picture that illustrates one of 
the sentences “Show me the pictuie of the 
girl pushing the boy ” The test of production 
begins m the same way, but instead of ask- 
ing the child to point to the picture for a 
sentence, he is asked to give a sentence for a 
picture Fraser et al conducted their study 
with 3-year-olds Lovell and Dixon (1965) 
have done it with 2-year-olds, with much the 
same results 

Shipley, Smith, and Gleitman (nd ) have 
studied comprehension m children as young 
as 18 months by giving them commands and 
observing whether or not the command is 
followed Bever, Mehler, and Vahan (1967) 
have used a similar method In the case of 
Shipley et al , the commands are either well- 
formed by adult standards (eg, throw me 
the hall) or are typical child-forms (eg, 
ball , throw hall , "Please Johnnie , throw ball ) 
In addition, a given command might contain 


only words known to a child (as in the ex- 
amples above) or it might contain one or 
more words novel to him (eg, got hall , 
throw ronta ball , gor ronta ball) A major 
difficulty with the method resides in the 
identification of comprehension Except when 
a child performs exactly as instructed, there 
is no way to tell if he has successfully an- 
alyzed a command or merely has responded 
to a part of the command, foi example, to 
the noun In commands using novel words, 
obviously it is impossible for a child to per- 
form exactly as instructed 

Such studies of comprehension, clever 
though they sometimes are, suffer a common 
limitation All use portrayable correlates of 
various grammatical contrasts and classes But 
not every aspect of syntax has a portrayable 
correlate Indeed, most of syntax cannot be 
so represented, as the leader can persuade 
himself by a glance at the Appendix It is 
always possible, of course, that further in- 
genuity will discover more grammatical forms 
that can be tested m this way However, this 
is of little significance, for as the method is 
extended further, it must use more and more 
remote connections between language and 
portrayable events The methodological prob- 
lem is to devise tests of comprehension that 
make use of the linguistic materials them- 
selves, not the fortuitous correlations between 
language and the external world 

Two studies that point m this direction are 
Bellugi’ s (1965) and Brown's (1966) They 
searched their longitudinal records for spon- 
taneous dialogues between children and 
adults, looking at the children’s answers to 
the adults* questions The aptness of the 
answer was the index of comprehension If 
an adult asks what did you hit? and a child 
answers, arm , we can assume that the ques- 
tion was understood But if the answer is hit , 
we can conclude that the child does not yet 
know the transformation relating Wh-forms 
to the underlying object of sentences Some 
caution must be exercised m accepting ap- 
propriate answers at face value, since it is 
always possible that extralmguistic factors 
evoke an utterance that happens to be ap- 
propriate Nonetheless, the method applies 
to any Wh-question, and has the virtue of 
involving a spontaneous linguistic perform- 
ance But only Wh-questions are within its 
reach, so it is hardly general, even though it 



1070 DAVID MCNEILL 


is not Limited by language-environment cor- 
relations A third study escapes some of these 
shortcomings 

Slobin and Welsh (1967) have used the 
simplest of methods for studying linguistic de- 
velopment — imitation For reasons discussed 
later, children usually reformulate sentences 
given to them for imitation Adult sentences 
too long to be retamed m immediate memory 
are invariably altered to fit the child’s gram- 
mar of the moment, which means that imita- 
tion can be used to study children’s produc- 
tive capacities, a fact known and utilized for 
some time (Menyuk, 1963, Lenneberg, 
Nichols and Rosenberger, 1964; Slobin, m 
press) For example, suppose that a 
child who is not yet inflecting verbs for 
the progressive aspect is asked to re- 
peat Adams nose is dripping this morning 
If the entire sentence is beyond the child’s 
capacity for immediate recall, the relevant 
part will tend to be imitated nose dnp , not 
nose dripping The model is reduced to the 
child’s current grammar Beyond the limits 
of immediate memory, a child produces m 
mutation only what he produces m spontane- 
ous speech. 

However, Slobm and Welsh have used 
imitation to study comprehension as well as 
production In contrast to the use of imitation 
to study production, where the focus is on 
verbatim repetition, the focus m comprehen- 
sion is on nonverbatim repetition combined 
with the preservation of meanmg When chil- 
dren reformulate a sentence m imitation, they 
express parts of the underlying structure of 
the model m a surface structure consistent 
with their own grammars But when children 
fail to comprehend the model, they are un- 
able to recover its deep structure The muta- 
tion will then inevitably express a different 
meanmg, or, more likely, no meanmg at all 
In this way — by noting whether or not re- 
formulated imitation preserves meanmg — 
comprehension can be studied 

The method can be (and has been) used 
with very young children, and can be applied 
to any aspect of the structure of sentences 
Children can be induced to repeat what 
adults say, particularly if they are familiar 
with the mvestigator, and the sentences to 
be imitated are entirely a matter of the in- 
vestigators choice, so the method can be 


used across the complete range of sentence 
types 

The following are a few of the examples 
given by Slobm and Welsh (1967) All are 
mutations by a 2^ -year-old child The first 
two are meaning-preserving, the last two are 
meaning-changing 

Adult Here is a brown brush and here is 
a comb 

Child Here’s a brown brush an’ a comb 

Adult John who cned came to my party 

Child John cned and he came to my 
party 

Adult The batman got burned and the 
big shoe is there 

Child Big shoe is here and big shoe is 
here 

Adult The boy the book hit was crying 

Child Boy the book was crying 

The first two mutations indicate an ability to 
comprehend but not produce certain gram- 
matical forms, whereas the last two indicate 
a failure of comprehension The second ex- 
ample is particularly interesting, since the 
child decomposed an embedded sentence into 
the matrix and constituent sentences underly- 
ing it Slobm and Welsh’s method deserves 
exploration, for it appears to have the virtues 
of generality and naturalness that the other 
methods for testing comprehension lack Its 
mam limitation is probably that children have 
to be well acquainted with the tester for the 
method to work Slobin and Welsh’s subject 
was very familiar with her tester, and may 
have been more willing than most young sub- 
jects to repeat incomprehensible sentences 

The Berkeley Cross-Cultural Project Al- 
though not a method itself, except insofar as 
a program for investigating language acquisi- 
tion m other cultures may be called a method, 
a group at the University of California 
(Berkeley) has compiled a manual of pro- 
cedures (Slobm, 1967) for use m field studies 
of children and their language In addition to 
the manual, the Project sends workers into 
remote places, pith helmet in hand, to ob- 
serve children acquiring exotic languages 

Theories of Language Acquisition and 
Early Speech 

Perhaps the most stoking recent develop- 
ment in the study of language acquisition is 
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a resurgence of interest m theory In an 
earlier period the explanation of linguistic 
development was a major goal Entire books 
were devoted to the problem, for example, 
Stem and Stem (1907) and de Laguna 
(1927) But that was 40 or more years ago 
Since then the field has been devoted to 
description, noteworthy as much for its in- 
difference toward theory as for its sturdy 
accumulation of facts and figures The entire 
literature has been excellently summarized m 
preceding editions of this Manual , and will 
not be much touched on here We shall 
instead concentrate on the recent develop- 
ments in theory and the empirical work asso- 

Child (28 months) 

What dat somebody pencil 
Floor 

Where birdie go? 

Birdie 

Birdie up dere 
Birdie 
Read dat? 

Read dat? 

What mere? 

Hammer 

Hit hammer, mommy 

No Cromer — , mommy? 

Hurt 

Screw (did) happen 

have screw 

no down there . . 

table get broom 
Yep, it fit 
Yep, it fit 
No fit 

Put suitcase for? 

What dat? 

All right 'morrow 
Yep 

Use morrow, yep 
Sure, use morrow 


ciated with them The issues posed, both by 
theory and observation, are significant enough 
to warrant the devotion of space and atten- 
tion 

Let us begin with a description of the 
speech of a 2-year-old Not everyone has had 
the privilege of attempting to converse with 
such a person, at least not recently The fol- 
lowing examples, taken from records collected 
by Brown and Bellugi (1964), will set the 
tone The first sample is from a 27-month-old 
child, the second from the same child at 35 
months, and the third at 38 months Vivid 
changes take place from sample to sample, 
a number of these will be discussed 

Adult 

Whose pencils are they? 

Floor? 


Will you read it to me? 

Is that a hammer, Adam? 


Poor Adam Did you hurt 
yourself? What happened, 
Adam? 

Screw happened' You didn't 
even have a screw 


Does that one fit? 

Does it fit? 

What did you put it in 
the suitcase for? 

That's tape Well use 
that one tomorrow 

Shall we use it tomorrow? 
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Child (35 months) 

Adult 

What his name? 

His name 

His name, Ursla? 

No I don t know his name 

I don’t know 

Can’t come up, fellah (to a yo-yo) 

Going pick pick up 

Lemme do again 

Don’t don’t hold with me 

I know his name 

Turning round 

Yes, it is turning around 

It’s stop 

What dat feeled like? 

It stopped? 

What dat feeled like? 

It feels like rubber, I 
guess 

I going drop my books 

(drops one book) 

An what happens? 

I going drop it mne dump truck 

No please cry, cracker 

What? 

Cracker 

Please what? 

Please cry, cracker 

Please cry? 

Yes 

How can a cracker cry? 
Crackers can’t talk 

Why not cracker can t talk? 

Romper domper tell me boo 

Romper domper tell me boo 

I got somepmg show you 

What’s dat you have? 

Why me go? 

Why me going? 

D’you want brush him? 

D you want he walk? 

Where’s it? 

Why you rolling up? 

Hey, why why you waking me up? 

What you domg taking out? 

Why you knockmg me ofF? 

I’m not knockmg you 
off 

Why not? 

I can’t couldn’t show it to her 

You’re going to show it 

No 

to her? 


I too big 
Dose are mines 
Dat’s mines 
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Child (38 months) 

Adult 

I like a racing car 

D’you like some? 

I broke my racmg car 

Oh, did you used to have one? 

Yes 

Look at dat one 


Like dis part broke 

Dis part broke, like that 

It’s got a flat tire 

What is dat? 

It’s a what? 

He his mouth is open 

What shall we shall have? 

Why he going to have some seeds? 

Why it’s not working? 

What part broke? 

You got some beads? 

Yes 

Just like me? 

I got bead ’round myself 

Hit my knee 

Hit my knee 

Hit your knee 

What dat teacher will do? 


Why you pull out? 

Dust in your hair 

Who put my dust on my hair? 

Can you tell Ursula what 
the lesson is on the 

blackboard? 

On the black which board? 

We gomg see another one 

We can read ’bout dis 

You wanto read? 

What is dat? 

What is dat got? 

It’s got a flat tire 

When it’s got flat tire, it’s needs to 



go to the to the station 
The station wiD fix it 
Tank come out through what? 

Really tank come out through here 
Mommy don’t let me buy some 

What is d is? That’s a marble bag 

A marble bag for what? For marbles 

It would be good to 
carry tiny cars 

What is dat? 

Can I keep dem? 

Why I can keep dem? 

Now can I keep dem? 

We don’ do some games 
It’s broked? 
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At 28 months a child’s speech often may 
seem random, some may uncharitably claim 
that it is not much improved at 38 months 
Words appear to be thrown together hap- 
hazardly The meanings often seem bizarre 
But this is not so Even the earliest word com- 
binations are organized on definite principles, 
and the content is not bizarre but banal In 
the following sections, we shall review the 
evidence for these claims and some possible 
explanations of them 

Telegraphic Speech. Brown and Fraser 
(1963) have called the patterned speech of 
very young children “telegraphic ” The ex- 
pression aptly captures one characteristic fea- 
ture of children's first multiple-word utter- 
ances both in telegrams and in child speech, 
certain words are systematically eliminated, 
Looking at the sample collected at 28 months, 
we can see that articles, auxiliary verbs, 
copular verbs, and inflections of every sort 
are all missing put suitcase for? where 
birdie go? what tnnere? and yep , it fit 

The telegraphic analogy is provocative and 
worth considering Perhaps child speech is 
telegraphic for the same reason that real tele- 
grams are — to save on costs Just as a tele- 
gram-wnter, m order to save currency, may 
delete the least informative words of a mes- 
sage while retaining content words and their 
order, a child may do the same to save space 
in memory The fact that identical words, by 
and large, are eliminated in both situations 
adds some credence to the argument But 
there are two difficulties with this account — 
one conceptual and one factual 

The factual problem is that children learn- 
ing Russian also omit inflections from their 
early speech (Slobm, 1966b) Russian is a 
case-inflected language, and so conveys a 
great deal of information through cert am in- 
flections Indeed, some of the information con- 
veyed by word order m English is conveyed 
by inflections m Russian — the subject of a 
sentence, for example Thus, in terms of infor- 
mational importance, Russian children elim- 
inate what Amencan children retain, though 
both eliminate inflections Clearly, it is not 
informativeness that counts 

The conceptual difficulty is that, although 
the least informative words of English tend 
not to appear m child speech, a lack of in- 
formativeness is itself a highly implausible 
explanation of this fact (Weksel, 1965) The 


only way a child could know whether or not 
a word is informative without knowing its 
syntacbc role in advance (a possibility ex- 
cluded m this case) is by keepmg records of 
the speech he has heard from his parents 
Equipped with such records, he could dis- 
cover which words are used with low fre- 
quency, and so are informative But this is a 
vast actuarial undertaking — implausibly vast 
for a 2-year-old, whose exposure to speech is 
necessarily limited, and whose ability to keep 
unedited records must be small indeed 

Telegraphic speech is the outcome of the 
process of language acquisition It is not the 
process itself To understand it, we must pen- 
etrate more deeply into what children do 
Holophrastic Speech. It is convenient to 
begin even before the period of telegraphic 
speech “Holophrastic speech” refers to the 
possibility that the first single-word utterances 
of young children express complex ideas — 
that ball means not simply a sphencal object 
of appropriate size, but that a child wants 
such an object, or that a child believes he has 
created such an object, or that someone is 
expected to look at such an object 
Many investigators of children's language 
(eg, de Laguna, 1927, Stem and Stem, 
1907; Leopold, 1949, McCarthy, 1954) have 
said that the single words of holophrastic 
speech are equivalent to the full sentences of 
adult grammar It is true, of course, that adults 
typically require a full sentence to express 
the content of childrens holophrastic speech 
But this is not what is meant by the term 
'holophrastic” Rather, holophrastic speech 
means that children are limited phonologically 
to uttenng single words at the beginning of 
language acquisition, even though they are 
capable of conceiving of something like full 
sentences Let us look into this possibility, for 
it is central to understanding the course of 
events m later stages of language acquisition 
In what sense do children have m mind 
the content of a full sentence while uttering 
a single word? No one believes that children 
have detailed and differentiated ideas in the 
adult manner On the contrary, everyone who 
has written on the earliest stages of language 
acquisition agrees that the conceptual side of 
holophrastic speech is undifferentiated and 
global As Leopold (1949a) puts it, “ the 
word has at first an ill-defined meaning and 
an ill-defined value* it refers to a nebulous 
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complex, factually and emotionally, only grad- 
ually do its factual and emotional components 
become dearer, resulting in lexical and syn- 
tactic discriminations” (p 5) 

A degree of semantic imprecision m holo- 
phrastic speech is therefore taken for granted 
There remains, however, a question of what it 
is that children are imprecise about Several 
factors seem to be important Often childrens 
single-word utterances are closely linked with 
action, sometimes so closely linked that action 
and speech appear fused A child speaks both 
when he acts and when he wants action from 
others Leopold’s daughter, for example, said 
walk as she got out of a cart to walk, away 
as she pushed something away, and blow as 
she blew her nose (all at 20 months) Leo- 
pold (1949) calls these utterances self-imper- 
atives to distinguish them from true impera- 
tives, which are utterances apparently directed 
toward someone else Of the true imperatives, 
nut from komm nut , ma from come on , and 
away from put it away are examples (also at 
20 months) (Leopold’s daughters grew up 
as German-English bilinguals ) 

Besides such imperatives and self-impera- 
tives, children’s early speech often seems im- 
bued with emotion Indeed, Leopold believes 
that the first step in linguistic development 
occurs when a child attaches emotional signif- 
icance to sounds produced accidentally while 
babbling Meumann (1894) holds a similar 
view, believing that a child’s first words ex- 
press his “emotional relation” toward the ob- 
jects and events referred to This expressive 
aspect of children’s speech maintains its dom- 
inating role for some time According to Stem 
and Stem (1907, summarized briefly in En- 
glish by Blumenthal, m press), the first word 
combinations of children consist of one part 
interjection and one part statement, the former 
continuing from the earliest stages of develop- 
ment 6 to 12 months before 
There is some consensus, then, that holo- 
phrastic speech is expressive of children’s 
emotional states, as well as fused with action 
There is a third characteristic sometimes 
claimed for holophrastic speech, it rests on an 
ability to name things A child expresses his 
feelings about whatever is labeled m his ut- 
terance The utterance [mam a], for example, 
seems to have meant for Leopold’s daughter 
both “delicious!” and “food” The utterance 
apparently had both an expressive and refer- 


ential component (It did not mean “mama” 
until 6 months later ) 

Not every single-word utterance names 
something, howevei Some utterances are 
purely expressive Leopold’s daughter said 
[dididi] m a loud voice to indicate disap- 
proval and in a soft voice to indicate comfort 
[dididi] was in fact an exclamatory call, much 
like the calls of apes, and was graded as these 
calls are from loud to soft, [dididi] was an 
articulated grunt (See Marler, 1965, for ex- 
amples of grading m the calls of rhesus mon- 
keys ) 

Examples of all these characteristics of 
holophrastic speech are mcluded in Table 1, 
which is a list of the first seven “words” ob- 
served in the development of Leopold’s daugh- 
ter Utterances marked with an asterisk were 
originally babbled sounds, the rest have rec- 
ognizable sources m adult speech The “words” 
of Table 1 are typical of the early one-word 
utterances recorded by others (Stem and 
Stern, 1907) 

Vanous psychologists have at one time or 
another assumed that the truly linguistic ut- 
terances of children begin with labeling a 
child learns the name of an object and says 
the name when the object appears before 
him (see Brown, 1958) However, it is far 

Table 1 The First Seven “Words” m One 
Child’s Linguistic Development 


Age 

Utterance (months) Gloss 


?a?* 

8 

An interjection Also demon- 
strative, “addressed” to per- 
sons, distant objects, and 
“escajied toys” 

dididi* 

9 

(loud) disapproval 
(soft) comfort 

mam a 

10 

Refers to food vaguely Also 
means “tastes good” and 
‘hungry” 

nenene* 

10 

scolding 

ttl* 

10 

used to call squirrels 

pit! 

10 

Always used with a gesture, 
and always whispered. 
Seems to mean “Interested 
(-mg)” 

dc 

10 

An interjection. Also demon- 
strative. Used with the same 
gesture as above 


After Leopold, 1949a, 



1076 DAVID MCNEILL 


from clear that this interpretation is correct 
The single-word utterances of children are 
ambiguous between naming and predication, 
no utterance can be both a name and predi- 
cate of the same thing When a 1-year-old 
says daddy , he might be referring to that per- 
sonage or he might be saying of that person- 
age that he is a daddy He cannot be doing 
both We have here a fundamental fact of 
language acquisition 

Holophrastic Speech as Predication . The 
expressive and enactive aspects of holophras- 
tic speech are best understood on nonlmguis- 
tic grounds, expressiveness is an example of 
the exclamatory function of primate commun- 
ication in general (see Marler and Hamilton, 
1966), the fusion of speech with action is 
probably a consequence of the sensorimotor 
period m general cognitive development (Pia- 
get, 1952) Here we consider a more special 
question, that holophrastic speech is not nom- 
inal, but rather is predicative It is in this way 
that holophrastic speech corresponds to full 
sentences in adult speech 

De Laguna (1927) viewed the single-word 
utterances of children as predicates, com- 
ments made by a child on the situation in 
which he finds himself The holophrastic word 
is the comment; together with the extrahn- 
guistic context, the topic of the comment, it 
forms a rudimentary kind of proposition, and 
thus amounts to a full sentence conceptually 
It is worth quoting de Laguna’s peroration in 
full 

It is precisely because the words of the 
child are so indefinite m meaning, that they 
can serve such a variety of uses, and it is 
also — although this sounds paradoxical — for 
the same reason, that they are fit to function 
as complete rudimentary sentences A child’s 
word does not * , designate an object or a 
property or an act, rather it signifies loosely 
and vaguely the object together with its in- 
teresting properties and the acts with which 
it is commonly associated m the life of the 
child The emphasis may be now on one, now 
on another, of these aspects, according to the 
exigencies of the occasion on which it is used 
Just because the terms of the child’s language 
are m themselves so indefinite, it is left to the 
particular setting and context to determine 
the specific meaning for each occasion In 
order to understand what the baby is saying 


you must see what the baby is doing (1927, 
pp 90-91, italics in original) 

In Table 1 [mam a] is listed as meaning 
both "food” and "delicious!” But this is only 
its apparent meaning if we accept de Laguna’s 
interpretation of early speech With that in- 
terpretation, Leopold’s daughter said [mam a] 
as a comment (is delicious) on an extralm- 
guistic topic (food) The utterance is non- 
referential Several other "words” m Table 1 
can be interpreted in the same way — [?a?] 
and [ds ], and possibly [plti], [nenene], and 
[ttl] On the othei hand, [dididi] was not 
a comment at all (except m the trivial sense 
that "ouch J ” is a comment on a pm prick), 
and [nenene] and [plti] may not have been 
either 

If we accept de Laguna’s interpretation of 
holophrastic speech, we suppose that purely 
nominal utterances play a marginal role in 
early stages of language acquisition Except 
for those occasions when children’s speech is 
purely expressive, it is invariably predicative 
Children cry, or comment, and sometimes 
both This remarkable fact of human com- 
munication has effects at eveiy stage of lin- 
guistic development One such stage is the 
following 

Pivot and Open Classes The terms "pivot” 
and "open” are taken from Brame (1963a) 
and refer to the outcome of a distributional 
analysis of child speech When such analyses 
are conducted of the speech collected from 
children of 18 months or so, at least two 
classes of words emerge One class contains a 
small number of words, each of them fre- 
quently used — the "pivot” class Words from 
the pivot class always appear in combination 
with words from the open class, and the class 
itself is slow to take m new members The 
position of pivot-words m two-word sentences 
is fixed, first for some pivot classes and second 
for others, but never both for any particular 
pivot class The “open” class contains the 
words not m the pivot class There is typically 
a large number of open-words, which are 
therefore used infrequently m two-word sen- 
tences The open class is quick to take m new 
members, and may stand alone in a child’s 
speech Given a two-word sentence the posi- 
tion of open-words is fixed with respect to the 
position of pivot-words Open-words also ap- 
pear in combination with each other, although 
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not necessarily in fixed relative positions 
Such are the characteristics of the pivot- 
open distinction The distinction can be sum- 
marized by setting down the combinations in 
which pivot- and open-words appear — the 
basic fact supporting the distinction in the 
first place Using "P" and “O” for pivot and 
open, and assuming a child with a full com- 
plement of both classes, the following can 
occur 

P + O 
O + P 
O +0 

o 

The only possibilities that never appear are 
pivot-words uttered alone or m combinations 
with each other Everything else is possible 
Table 2 shows the pivot and open classes of 
three children studied by Brown and Bellugi 
(1964), Brame (1963a), and Miller and Er- 


vin (1964), respectively The table itself is 
from McNeill (1966a) For want of space, 
only a portion of each open class is repre- 
sented, but the pivot classes are included in 
their entirety 

For the children m Table 2, sentences con- 
sisted of a word from the list on the left fol- 
lowed by a word from the list on the right — 
that is, P 4* O Thus, byebye fan, wet sock 
and that doed all occurred Not every com- 
bination allowed by Table 2 was actually 
observed, of course But there are no evident 
differences between the combinations that did 
occur and those that did not, so it is assumed 
that the gaps arise from sampling, not gram- 
matical restrictions 

What is to be made of the pivot-open dis- 
tinction' 5 Perhaps nothing at all It is possible 
that the speech of young children arises 
through rote memory, as a simplified imitation 


Table 2 Pivot and Open Classes from Three Studies of Child Language 

Brame Brown Ervin 



allgone 

byebye 

big 

more 

pretty 

my 

see 

mght- 

mght 

hi 



From McNeill, 1966a 
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of adult speech If so, it would be a mistake 
to ascribe grammatical significance to what, 
in this case, would be an artifact of a distribu- 
tional analysis Before proceeding therefore 
we must first consider the possibility that the 
pivot and open classes do not mark the be- 
ginning of grammar m children 

There are several reasons for rejecting such 
a possibility For one thing, if the sentences 
recorded from children are not produced but 
reproduced, the fact would reflect an aston- 
ishing ability to memorize verbal material 
The number of different combinations re- 
corded from one of Brame’s (1963a) children 
m successive months was 14, 24, 54, 89, 350, 
1400, 2500+ It is unlikely that the child was 
echoing 2500+ different combinations already 
heard 

Not only is it implausible that a great va- 
riety of forms m the speech of children could 
result from imitation, but in some cases it is 
impossible that their speech could be so de- 
rived, Take Brame’s subject in Table 2, for 
example He said such things as allgone shoe , 
allgone vitamins , and allgone lettuce — all ap- 
parently inversions of the corresponding adult 
models the shoe is allgone , the mtamins are 
allgone , the lettuce is allgone Similar observa- 
tions can be made of other children Ervin s 
subject said that doed > and Brown’s, big a 
truck Children do not hear English even re- 
motely like this from their parents, but these 
examples correspond to a pivot-open pattern, 
and their occurrence reinforces a belief that 
the distinction reflects a genume division of 
children’s vocabulary into two classes 

The most compelling argument m behalf 
of the pivot-open distinction is the fact that 
pivot words never occur alone or m combina- 
tion with each other It is impossible 
to think of such a development as not 
reflecting a restriction on the use of 
words — that is, as not reflecting a grammati- 
cal system of some kind In fact, the pivot- 
open distinction is a reflection of children’s 
most primitive grammar It is to a description 
of that grammar that we now turn 

Early Grammatical Buies The present sec- 
tion relies heavily on the work of Brown and 
his colleagues (Brown and Fraser, 1963, Bel- 
lugi and Brown, 1964, Brown, Cazden, and 
Bellugi, 1968) They have followed the 
linguistic development of three children, two 
girls and a boy, beginning m each case at 


roughly 2 yeais and contmuing for one child 
until age 5 The goal of Brown and his col- 
leagues has been to describe the linguistic 
competence of these children at different 
points in development and to express the de- 
scriptions in the form of generative gram- 
mars We shall first consider the results of 
their descriptive efforts, and then turn to a 
theoretical mteipretation of them 

Not amazingly, grammars written for the 
earliest stages of development are simple in 
the extreme The following rules summarize 
the performance of one child in Brown’s 
study, Adam, at 28 months (after McNeill, 
1966a) 


S-*(NP) (VP) 

(1) 

NP ~< P > Inn} 

(2) 

VP-» V(NP) 

(3) 


Rules (1), (2), and (3) describe sentences 
of one to five words, the length depending on 
the options adopted in each rule As usual, 
optional elements are enclosed within paren- 
theses and alternatives within braces The 
successive parentheses of Rule (1) mean 
that at least one element must be mcluded m 
each sentence Rules (1) and (2) apply to 
such sentences as ball , that ball , and Adam 
ball N, PN, and NN Rules (1), (2), and 
(3) apply to such sentences as want ball , 
want that ball , Adam want ball , and want 
Adam ball VN, VPN, NVN, and VNN Rules 

(1) and (3) produce such sentences as want 
and Adam want V and NV 

The combinations allowed by Rules (1), 

(2) , and (3) did not occur m Adam’s speech 
with equal frequency For example. Rule (3) 
was employed more often than was Rule (2) , 
sentences longer than three words were very 
rare, and two patterns (NNN and NPN) that 
should not have occurred at all according to 
these rules occurred 2% of the time 

All these characteristics and more are set 
forth m Table 3, which lists every combina- 
tion of P, V, and N observed to occur in 
Adam’s speech at the earliest stage for which 
observations exist, along with the frequency 
of occurrence of each combination, It is of 
course possible that a larger sample of Adam’s 
speech would contam examples of other com- 
binations; there is no way to judge such a 
possibility However, as will be discussed 
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Table 3 Sentence Patterns that Correspond to Basic Grammatical Relations 


Child’s Speech 


Pattern 

Frequency 

Corresponding Grammatical Relations 

P + N 

23 

modifier, head noun 

N + N 

115 

modifier, head noun, subject, predicate 

V + N 

162 

mam verb, object 

N + V 

49 

subject, predicate 

Sum 

349 


P + N + N 

3 

modifier, head noun 

N+P + N 

i 

subject predicate, modifier, head noun 

V+P + N 

3 

mam verb, object, modifier, head noun 

V + N + N 

29 

mam verb, object, modifier, head noun 

P + N + V 

1 

subject, predicate, modifier, head noun 

N + N+ V 

1 

subject, predicate, modifier, head noun 

N+ V + N 

4 

mam verb, object, subject, predicate 

N+N + N 

7 

subject, predicate, modifier, head noun 

Sum 

49 



From McNeill, 1966a 


later, the combinations that did occur in 
Adam’s speech possess a certain consistency, 
which the combinations that did not occur 
lack 

Rules (1), (2), and (3) adhere closely to 
the superficial details of Adam’s speech They 
summarize the patterns in Table 3, but they 
do not necessarily describe Adam’s linguistic 
competence exhaustively, and they may not 
represent it at all It appears, for example, 
that phrases described by Rule (2) can have 
two different interpretations when a P is 
chosen for the first position Sentences of this 
type strike an adult as being sometimes dem- 
onstrative ( that ball) and sometimes modi- 
ficational ( little ball) If Adam was actually 
honoring such a distinction but not marking it 
m overt speech, Rule (I) would fail to re- 
flect it Adam m this case would m truth 
treat as different two constructions the Rule 
treats as the same We shall return to this 
matter, there are a number of issues involved 
and it is convenient to discuss them m one 
place 

Positions for Single N 

that (flower) 
where (ball) go? 

Adam write (pengum) 
(borsie) stop 
put (hat) on 


Rule (2) defines a particular grammatical 
constituent it says that Adam possessed NPs 
at 28 months and that these consisted of an 
N, a PN combination, an NN combmation, or 
a PNN combination Rules (1) and (3) in 
turn contain NP as a subpart What justifica- 
tion is there for ascribing such a superordm- 
ate constituent as NP to Adam? Could we not 
instead write several separate rules — one for 
N, one for PN, one for NN and one for PNN? 
Domg so would account for the same com- 
binations of grammatical classes m Table 3, 
but would avoid claiming that Adam was ac- 
quainted with the abstract sentence constitu- 
ent NP However, there aie several Imes of 
evidence pointing toward the "reality” of NP 
in Adam’s grammar, and hence supporting 
such definitions of NP as Rule (2) 

Consider, first of all, some distributional 
facts One is that single nouns and developed 
noun phrases appear m the same environ- 
ments in children’s speech (Brown and Bel- 
lugi, 1964) For example. 

Positions for NP 

that (a blue flower) 
where (the puzzle) go? 
doggie eat (the breakfast) 

(a horsie) crying 
put (the red hat) on 
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Apparently, wherever N can go NP can go, 
presumably because individual Ns are actu- 
ally NPs 

Another bit of evidence is that pauses m 
children’s speech usually bracket NPs, not 
Ns “Put the red hat on” is a likely 
occurrence, whereas “put the red hat 
on” is not Insofar as pauses reflect points of 
decision m speech (Goldman-Eisler, 1961), 
such utterances indicate that decisions are 
made in terms of NP and not N 

Finally, consider the fact that the pronoun 
tt is really a pro-noun phrase, since it re- 
places NP and not N This is the case in the 
English of adults, and it is also the case m 
the English of children, as the following pairs 
reveal 

Mommy get ladder Mommy get tt 

Mommy get my ladder Mommy get tt 

Adam sometimes combined both the pronoun 
and the NP the pronoun should have replaced 
in a single utterance, as in Mommy get tt lad- 
der and Mommy get tt my ladder That NP 
and N are treated alike, even in this case of 
deviation from adult English, is further evi- 
dence that NP is a genuine constituent 

There are, then, grounds for assuming that 
NP is a superordinate constituent in children’s 
early grammars Except for sentences like 
get tt my ladder , which were peculiar to 
Adam, all children provide evidence of the 
sort summarized above, NPs appear m the 
hfe of a child even before measles do, 

Rules (I), (2), and (3) describe Adam’s 
sentences when he was 28 months old At this 
pomt, his sentences were slightly less than 
two morphemes long on the average Nine 
months later Adam’s sentences have increased 
only slightly m length — to nearly three mor- 
phemes on the average — but his grammar has 
been much elaborated Instead of three phrase- 
structural rules, the grammar now contains 
14, instead of theie being no transformational 
rules, the grammar now has two dozen Table 
4 presents the entire phrase-structural com- 
ponent and two rules from the transforma- 
tional component of the grammar written for 
Adam’s speech at 36 months The sentences 
generated by this grammar are like those listed 
at the beginning of this section, all of which 
are taken from Adam’s protocols at 35 and 38 
months 


Table 4 Part of the Grammar of a Child Thirty- 
Six Months Old 


Complete-phrase structure rules 


1. S 




Wh 
2. Predicate - 


MV 1 
CopJ 


Nominal — Predicate 


3. MV -> Vb (Comp) 
4 Vb— > (Aux) V (Prt) 


5 Aux -» 


V c 

B + mg 
Past 


6 Comp j Nommal ( Adverb ) 

7 Cop -» B — Pred 




9 Pred — > 


Det 

Nominal 

Adverb 


10. Adverb 


Locative 

Adv 

Prep Phrase 


11. Locative — > 


somewhere 

Adv 

Prep Phrase 


12. Prep Phrase — > Preposition ■ J 


13 Nominal some 

14 NP — > (Det) N 


f(one) ] 
[( thing)} 


Two transformation rules 
Tl. Wh incorporation for main-verb sen- 
tences 

Wh Nominal Verb (Nominal) — some 
A Wh + some A — Nominal Verb 
(Nominal) 

T2 Affixation of Past 

X - Past -V-X-»X-V + Past X 

Modified version of two tables m Brown, et 
al, (1968) 


The easiest way to convey an idea of how 
such sentences are described by the grammar 
m Table 4 is to provide a few examples, this 
is done m Figs 1 to 4 Before considering 
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Det N Aux V Adverb 


locative 

those dogs Past go somewhere 
Fig 1. Deep structure of where those dogs goed? (from Brown, et al, 1968)* 


them, however, it is necessary to introduce 
certain notational conventions 
Imp and Wh are grammatical markers, rep- 
resenting m the first case imperative sentences 
and in the second case such questions as what , 
where , and who Neg stands for negation, 
MV for mam verb, and Cop for copula (eg, 
is in the dog ts an animal) V c is a “catena- 
tive” verb — wanna , gonna , and hafta Adverb 
is a sentence constituent, like NP, whereas 
Adv is the grammatical category of adverbs 
proper Because Adam sometimes produced 
sentences of the form that my book and some- 
times of the form that* s my book , a distinction 
is drawn between be and P, be is a variant 
of the auxiliary verb, to be, P represents the 
same syntactic function but is never expressed 
in the superficial form of a sentence Det 
stands for “determiner,” a category including 
such words as the, a, that, this, these, and 
those Prt stands for “particle” — the up in 
look up, and the down in put down The 
symbol some A in the first transformational 
rule covers both somewhere (from phrase- 
structure rule 11) and something (from 
phrase-structure rule 13), both of which are 
grammatical markers, not words The remain- 
ing symbols are defined by the grammar itself 
Consider now some of the sentences the 
grammar m Table 4 yields The particular ex- 
amples are where those dogs goed, don’t throw 
that ball, who jumping on me, and Susan is 
m the bath Four sentences, of course, do 
not exhaust the variety of grammatical forms 


that Adam produced, but together they illus- 
trate the workings of much of his grammar 
Figure 1 shows the deep structure of where 
those dogs goed, a well-formed question for 
Adam (from Brown et al , 1968) Of the 
14 phrase-structure rules m Table 4, 10 are 
used to generate this phrase marker (rules 
1, 2, 3, 4, 5, 6, 10, 11, 13, and 14), the two 
transformations listed at the bottom of the 
table relate the phrase marker to the surface 
structure of the sentence 
Figure 2 shows the deep structure of an 
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Fig 2. Deep structure of don’t throw that ball 
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imperative sentence, don’t throw that hall 
Seven phiase-structure rules are involved, 
plus two transformations (not included in 
Table 4), one of which has the effect of de- 
leting the subject of the sentence, you , and 
the other of introducing do and affixing it to 
Neg The phrase-structure rules are 1, 2, 3, 
4, 6, 13, and 14 

Who jumping on me, is a Wh-question, 
like the first sentence, but contains in addition 
a prepositional phrase and a verb in the 
progressive aspect, the auxiliary verb, is, has 
been omitted Figure 3 is the deep structure 
generated by the grammar, a transformation 
parallel to T2 in Table 4 reverses the order 
of mg and jump, and a morphological rule 
changes Wh-someone to who Because £ and 
not be is the form of the auxiliary verb, the 
surface structure omits an auxiliary 

A final example is diagrammed in Fig 4 — 
the deep structure of Susan is m the bath In 
this case, be is part of a copular not an auxil- 
iary verb, so the affix-verb transformation 
required for who jumping on me does not 
apply Phrase-structural rules 1, 2, 7, 8, 9, 


10, 11, 12, 13, and 14 are used to generate 
this deep s true toe, 

The grammar m Table 4 is not the com- 
plete grammar written for Adam at 36 
months, and its omissions create two distor- 
tions the reader should be warned against 
One distortion arises from the fact that only 
two of Adam's transformations are included 
m Table 4 Much of the complexity in the 
phrase-structural component, particularly in 
the development of the predicate, exists to 
support the transformations not m the table, 
omitting them naturally leaves a number of 
phrase-structural features undemonstrated 

A second distortion exists m the manner of 
introducing words into the deep structure In 
Figs 1 to 4 words — Susan, on, jump , etc — 
are simply appended to the bottom of the 
phrase marker Their relation to the remain- 
ing structure of the sentence is left unana- 
lyzed However, the grammar developed for 
Adam by Brown et al goes farther Each 
word m Adam's lexicon is represented as a 
set of syntactic features The features state, in 
effect, the contexts each word can occupy, 



Fig 3. Deep structure of who jumping on me P 
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Nominal 

I 

NP 


Susan 

Fig 4 Deep structure of Susan is in the hath 

plus the characteristics of each word as a 
context for other words This can be done 
quite compactly Take dog, for example For 
Adam at 36 months, dog was a count noun, 
it could be pluralized, and it could follow 
determiners The last feature states a context 
for dog , whereas the first two features state 
characteristics of dog when it is the context 
of something else. In formal notation, these 
properties of dog can be collected m the form 
of a lexical entry as follows 

+ N 

[ + Det — ] 

+ ct 

± no dog 

The + N at the top signifies that dog belongs 
to the category of nouns The + ct indicates 
that dog belongs to the subcategory of count 
nouns- — that it is a word like table , man , and 
idea and unlike sand, mush , and justice. The 
± no indicates that dog belongs to the sub- 
category of nouns that can be either singular 


Predicate 


cop 



B Pred 



or plural, and so is unlike such words as pants, 
imagination, and John Finally, the [ + 
Det — ] means that dog can follow deter- 
miners 

A rule of the grammar governs the inser- 
tion of words into phrase markers by requir- 
ing that all such phrase markers present the 
features specified m the word's lexical entry 
Fig 1, for example, can receive dog — there is 
a slot of the right kind, this is also true for 
Figs 2 and 4 But Fig 3 has no place for dog 
or any other noun, for it accepts only pro- 
nouns in the two “nominal” positions 

When a lexicon is completely specified, it 
is possible to play items off against each 
other when inserting words into phrase mark- 
ers In this way the grammar can avoid de- 
scribing bizarre combinations — such nonsen- 
tences as Where is m the dog 

We have sketched briefly the development 
of the phrase-structural component of child 
grammar We have seen that only a few rules 
are needed m the early stages to summarize 
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the sentences children produce — in the case 
of Adam, only three A relatively short time 
later — 9 months for Adam — many more rules 
are needed, a number of them possessing 
greater complexity than the few original rules 

Beside these changes, a child’s grammar 
becomes elaborated through the introduction 
of transformations None are included m the 
earliest grammars for children’s speech, but 
6 to 12 months later, 24 are used m the gram- 
mar written by Brown et al 

The grammar in Table 4, with a few small 
changes, serves for all the children studied by 
Brown, et al 

What do such developments tell us? The 
point has arrived where we must try to un- 
derstand them First to be discussed will be 
the rules of the phrase-structural component, 
then the transformational component will be 
considered Many issues connected with the 
innate endowment of children for language 
arise with the first, and equally many issues 
connected with the linguistic experience of 
children arise with the second All these 
matters will become clear as the discussion 
proceeds 

Contextual Generalization. Braine (1963a) 
was the first to point out the distinction be- 
tween pivot and open classes, and we shall 
begm with his account of the distinction and 
the view of language acquisition it entails 

Pivot words are so called because to Braine 
they are the only words for which a child 
knows the proper temporal location m a 
sentence — that they occur first, last, etc Open 
words are used wherever pivot words are not, 
which means that in two-word sentences the 
positions of both pivot and open words are 
locked in place 

Various characteristics of the pivot-open 
distinction neatly follow from this simple ac- 
count Because at first a child knows the 
location of few words, pivot words are used 
with high frequency, and the class itself has 
few members The pivot class increases in 
membership more slowly than the open class, 
presumably because it is more difficult to 
learn the positions of words than it is to learn 
new vocabulary regardless of position 

The mam characteristic of the pivot-open 
distinction not accounted for by Brame’s 
theory is the restriction on the use of pivot 
words — that they rarely appear alone or with 
other pivots Why should such a restriction 


exist if children learn only the positions of 
words m sentences? It is one thing to learn 
where to put a word m a sentence It is 
something very diffeient to learn to put it 
nowhere else or to put it only with open 
words But the restriction on the use of pivot 
words carries most of the weight in justifying 
the grammatical relevance of the pivot-open 
distinction, an inability to account for it poses 
a fairly crucial problem 

Other objections have been leveled agamst 
Brame’s hypothesis as well, but to present 
these issues we must first go into his argu- 
ment in somewhat greater detail 

The actual mechanism of learning the posi- 
tion of words m sentences is left unspecified, 
although Braine has conducted a number of 
experiments purporting to demonstrate the 
existence of such a phenomenon (Brame, 
1963b, but also see Bever, Fodor, and Wek- 
sel, 1965a) Whatever the mechanism, it ap- 
plies when children hear sentences and causes 
them to classify words according to the rela- 
tive position the words occupy For example, 
upon hearing will you read it to me? a child 
could observe that you is m the first half of 
the sentence, and that read is in the second 
half Both words can then be so classified 
Contextual generalization — the process by 
which this theory is generally known — carries 
you and read into new, analogous contexts 
Contextual generalization is not essentially 
different from ordinary stimulus or response 
generalization, except that it takes place 
across temporal positions Its merit m the 
present context is that it serves to explain 
linguistic productivity Having learned that 
you comes first in some sentences, contextual 
generalization places it first in other sentences 
From you read , a child can produce you 
come , you want , you sit, you bad , and even 
you all In short, you has become a pivot 
Two-word sentences grow to three-word 
sentences and beyond because a child ob- 
serves the relative position of words Having 
learned that you appears in the first half of 
some phrases, a child can later discover that 
these phrases appear m the first half of other 
more encompassing phrases A child might 
learn, for example, that you is first in the 
phrase you should , and that this phrase is first 
m the sentence you should come. Contextual 
generalization again provides flexibility and 
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the child can produce you can come , you 
should read , etc 

More important than an increase in length 
gained this way, there is also an increase m 
structural complexity By learning that a word 
is first in a phrase, and that a phrase is first 
in a sentence, a child learns that sentences are 
hierarchically organized It is ( ( you should) 
come) Thus positional leammg, extended 
through contextual generalization, leads to 
the kind of sentence structure conventionally 
represented by a phrase-structural grammar 
It is on this point that a rather loud dispute 
over Braine’s theory has arisen 

The difficulty is that the order and arrange- 
ment of words m the surface structure of 
sentences is not necessarily the same as the 
order and ariangement of elements in the 
underlying structure (Bever, Fodor, and 
Weksel, 1965a, 1965b) Although it is only 
the underlying structure that contains in- 
formation represented as a phrase-structure 
grammar, it is only the surface structure that 
is available for positional learning The correct 
bracketing of the sentence above is ( you 
( should come)) There is no guarantee that 
positional learning would arnve at this struc- 
ture and not ( ( you should) come) 

There is a dilemma here The solution 
adopted by Brame (1965) is to restrict posi- 
tional learning to simple declarative sen- 
tences, where the order of elements m the 
underlying and superficial structure is more 
or less the same But this is to beg the ques- 
tion of syntactic learning The cases where 
underlying and superficial structure are the 
same are among the things that a child must 
learn m acquiring language The only way to 
avoid this difficulty, equally adopted by 
Braine (1965), is to change the syntactic 
analysis of sentences, by construing them all 
as having the same underlying and superficial 
structures But this is to avoid the problem 
of language acquisition altogether (McNeill, 
1968a) It is instead to do a novel land of 
linguistics, asking what kind of language 
could be acquired through positional learn- 
ing Thus when faced with the alternatives 
of either begging the question of learning a 
transformational grammar or being irrelevant 
to it, it is evident that Brame’s theory fails 
m a fundamental way to explain the acquisi- 
tion of such grammatical systems 

There is a further difficulty Braine (1963, 


1965) considers transformations to be “sub- 
languages,” each a specific way of deforming 
simple declarative sentences Passive sen- 
tences, negative sentences, and the like, result 
However, the resemblance of a sublanguage 
to a grammatical transformation is entirely 
superficial, dealing only with the manifest 
form of sentences Wheieas a transformation 
in linguistic theory is a relation between a 
deep and surface structure, a sublanguage is 
a relation between two surface structures 
The difference between these views is dis- 
cussed by Braine (1965) and Bever et al 
( 1965a, 1965b, see also McNeill, 1968a, and 
Weksel, 1965) 

If positional learning is not the way chil- 
dren develop knowledge of syntax, what then 
are we to make of the pivot-open distinction? 
Is it learned positionally, as Biaine argues, 
only to lead nowhere — a syntactic cul-de-sac? 
If it is a cul-de-sac, it is one fallen into by 
virtually all children (according to Slobm, m 
pi ess, a pivot-open distinction appears m the 
early stages of leammg Russian, Bulgarian, 
Serbian, French, German, as well as English) 
This is a possibility But theie is anothei fact 
about these early grammatical classes, which 
suggests they are directly related to later 
syntactic development, at least for some chil- 
dren 

Differentiation and Generic Glassification 
Adam, one of Brown and Bellugis (1964) 
subjects, developed the grammatical classes 
of adult English through differentiation The 
class differentiated was a pivot class, the 
same one reproduced in Table 2, and the 
classes developed from it were articles, 
demonstrative pronouns, possessive pronouns, 
adjectives, and determiners The entire proc- 
ess took place m 5 months, and followed the 
sequence diagrammed m Fig 5 

Each step m Fig 5 is the result of differ- 
entiating the pivot class then existing into 
one or more adult classes plus a new residual 
pivot class The essential aspect of such dif- 
ferentiation is that entire adult classes are 
removed from an ancestral pivot class m one 
step — separate woids do not straggle out at 
different times 

Zhenya, the son of the Russian linguist 
Gvozdev (1961), developed a pivot class 
equivalent to Adam's and formed adult gram- 
matical categories through a comparable proc- 
ess of differentiation 
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Time 



this) red ) mine, one, more, 
your) all ) 


Fig 5 Differentiation of one child's pivot class (McNeill, 1966a) 


It is the phenomenon of differentiation that 
suggests a direct relation between the pivot- 
open distinction and later syntactic develop- 
ments For differentiation can take place only 
if the classes differentiated — the pivot class 
m Adam’s case — are genetically appropriate 
(McNeill, 1966a) 

A genencally appropriate pivot class is 
one that ignores but potentially admits all the 
relevant distinctions of the adult grammar 
Adam, for example, had the two articles in 
his pivot class at Time 1, he did not have 
one m the pivot class and one m the open 
class Similarly, every adjective then m 
Adam’s vocabulary was m the pivot class, 
there were none m the open class In fact, 
Adam’s pivot class contained every available 
member of several adult grammatical classes, 
even though none of these classes were them- 
selves recognized m Adam’s grammar 

Differentiation always presupposes generic 
classification — a fact not usually recognized 
But generic classification is puzzling For it 
means that children classify words (as pivot 
and open) m a way consistent with more 
subtle distinctions they are yet to draw, when 
differentiation takes place m the future What 
guides children m such apparent teleology? 
The answer is by no means obvious or settled 
Even to consider it, we must cover many of 
the recent observations made of children 
learning language 

Linguistic Capacities, Linguistic Univer- 
sals, and the Problem of Abstraction. Accord- 
ing to one traditional view, language is a 
systematic relation between expression and 


content (see Appendix) In a transformational 
grammar such a view is embodied in the 
distinction between deep and surface struc- 
ture the deep structure of a sentence is asso- 
ciated with meaning and the surface structure 
with sound, deep and suiface structures are 
m general different from each other but stand 
m a specific relation, which is explicitly de- 
scribed for every possible sentence by the 
transformations of the language 

One inherent aspect of each sentence there- 
fore is the existence of an abstract deep 
structure It is the phenomenon of abstraction, 
which all children face and overcome, that 
eliminates stimulus-response theory as a pos- 
sible explanation of language acquisition The 
difficulties with Brame’s theory, discussed pre- 
viously, derive from its commitment to this 
more general difficulty The issues have been 
discussed in many places (Chomsky, 1959, 
1965, Katz, 1966, Bever et al , 1965a, 1965b, 
McNeill 1966a, 1968a), as well as in the 
Appendix of this chapter, and need not be 
repeated here 

The phenomenon of linguistic abstraction 
presents a major theoretical challenge m the 
explanation of language acquisition Fluent 
speakers somehow gam knowledge of the 
deep structure of sentences They do so even 
though they never encounter such information 
in the form of examples, stimuli, or anything 
else Moreover, children make use of informa- 
tion organized as deep structure very early 
m the acquisition of language From the first 
moment of speech, indeed, children have the 
ability to communicate meaning, and do so 
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in a manner understandable to adults It is 
easy to overlook what an astonishing fact 
this is But it seems to mean that the most 
abstract part of language, its piopositional 
content, is the first to develop Children pre- 
sent evidence of employing something related 
to the deep structure of sentences before 
grammar is acquired 

Let us put the problem m a semiformal 
way, to help clarify some of the issues in- 
volved Consider the ‘"language acquisition 
device” discussed by Chomsky (1957, 1965), 
which we can call LAD for short (alterna- 
tively, a language acquisition system, or LAS 
— the feminine form) LAD receives a cer- 
tain corpus of utterances Some of these ut- 
terances are grammatical sentences in the 
language to which LAD is exposed, but be- 
sides grammatical sentences, the corpus also 
contains blunders, false starts, interruptions, 
and a certain amount of nonsense The corpus 
may be large, but it is not unlimited m size 
Assume that it contains the number of uttei- 
ances overheard by a typical 2-year-old child 

Given such a corpus, LAD is so constructed 
that it can develop a theory of the legulanties 
that underhe the speech to which it has been 
exposed It can exclude the nongrammatical- 
lty in the coipus by constructing a theory 
about the regularities of the language This 
theory is LAD’s grammatical competence, its 
knowledge of the language behind the corpus 
After developing such a grammatical theory, 
LAD becomes able to go far beyond the 
corpus with which it began LAD can dis- 
tinguish the infinitely many grammatical sen- 
tences m its language from the infinitely many 
nongrammatical alternatives, and it can judge 
how far from full grammaticality each of the 
latter deviates The situation may be dia- 
grammed as follows 


Corpus — > 


LAD 


— > Grammatical 
Competence 


Clearly, the problem of understanding how 
LAD develops grammatical competence given 
a corpus requires understanding the internal 
structure of the box labeled LAD 
It seems useful to distinguish two major 
components of LAD One is a set of proce- 
dures for operating on a corpus — for example, 
conducting a distributional analysis, or look- 
ing for transformations of certain kinds The 


other is a body of linguistic information — for 
example, that all sentences mclude noun and 
verb phrases, or that there are sentences, for 
that matter It is conceivable that LAD is 
limited to just one of these components LAD 
might contain a set of procedures for dis- 
covering a grammai or it might contain a set 
of assumptions about the form of grammar 
(McNeill, 1966b), or, of course, it might 
contain both (Fodor, 1966) 

Whatever LAD contains, however, must be 
universally applicable For LAD must be able 
to acquire any language, it cannot be biased 
toward some languages and away from others 
for reasons of internal structuie Thus LAD 
may contain information and procedures bear- 
ing on the general form of language but pre- 
sumably contains nothing bearing on the form 
of any particular language to the exclusion 
of others The following remarks are directed 
to the possibility that LAD contains universal 
linguistic information, almost nothing has 
been written on the possibility that LAD con- 
tains universal procedures of analysis 

The description of linguistic universal has 
already been alluded to The theory of gram- 
mar — as opposed to the grammar of a single 
language — is a description of the general form 
of natural language (Chomsky, 1965, Katz, 
1966) Its purpose is to state the conditions 
that giammars describing individual lan- 
guages must meet For example, giammars 
must all be transformational, and the base 
component must include rules stating the re- 
lations that hold among such syntactic cate- 
gories as NP and N When the giammar of a 
particular language represents the linguistic 
knowledge of the speakers of the language, 
and also conforms to the theory of giammar, 
one can claim to have explained the grammar 
of the language (Chomsky, 1965) 

The argument becomes clear if we carry 
it a step further Let us take the theory of 
grammar to be a description of LAD’s internal 
structure Whatever comprises the structure 
of LAD, is (or will be) described m the 
theory of grammar The output of LAD — 
competence m a language — would then be 
explained by reference to the theory of gram- 
mar A language has the particular grammar 
it does because the universal principles em- 
bodied m linguistic theory constrain the gram- 
mar that accounts for the corpus of sentences 
LAD has received We thus have a hypothesis 
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about the internal structure of LAD it is 
descnbed m the theory of grammar It is an 
empirical question whether 01 not LAD can 
be so described 

LAD, of course, is a fiction Our puipose 
m considering it is not to design an actual 
machine On the contrary, oui purpose is to 
isolate crucial aspects m the acquisition of 
language by real children, not by abstract 
ones The purpose is served because LAD 
and children present the same problem 

LAD is faced with a corpus of utterances, 
some of them grammatical sentences and 
some not So are children Fiom such a cor- 
pus, LAD develops a giammai on the basis 
of some kind of internal structure So do 
children Since children and LAD arrive at 
precisely the same grammar from precisely 
the same corpus, children and LAD must 
have piecisely the same internal structure, at 
least within the limits that different childien 
may be said to have the same structure Ac- 
cordingly, a hypothesis about LAD is ipso 
facto a hypothesis about children 

The proposed relation between the theory 
of grammar and children's mnate linguistic 
capacities is simple and straightforward (eg, 
McNeill, 1966b) Languages have all neces- 
sarily evolved to correspond to childrens 
capacities No language can evolve to be un- 
learnable Because children automatically im- 
pose those features of language that reflect 
their capacities, such features appear uni- 
vei sally The theory of grammar thus be- 
comes possible 

What are the universal mentioned m the 
theory of grammar, which we now presume 
to be a reflection of children's innate capaci- 
ties? Some are phonological Every language, 
for example, employs consonant and vowel 
types, syllabic structuie, and not moie than 
15 distinctive features (Jakobson and Halle, 
1956, Halle, 1964a) Other umversals may 
be semantic — umversals that are essentially 
constraints on possible concepts, on what is 
thinkable (Katz, 1966) — a fascinating possi- 
bility, which unfortunately cannot be dis- 
cussed in these pages 

In the case of syntax, some umversals de- 
scribe characteristics of the deep structure of 
sentences (Chomsky, 1965) Every language 
utilizes the same basic syntactic categories, 
ananged in the same way— such categories as 
sentences, noun phrases, verb phrases Every 


language utilizes the same basic grammatical 
relations among these categones — such rela- 
tions as subject and predicate of a sentence, 
verb and object of a verb phrase and modifi- 
cation within a noun phiase Every language 
can recuisively include sentences within sen- 
tences And every language distinguishes deep 
and surface structuie, and so is transforma- 
tional 

The transformations of a language are 
mostly, though not exclusively idiosyncratic 
However, the types of relation that exist be- 
tween deep and surface structure are uni- 
versal For example, English relates the un- 
derlying and surface structuie of auxiliary 
verbs by permuting the ordei of verbs and 
affixes (see Appendix) This transformation 
appears m English and French (Ruwet, 
1966), and possibly elsewheie, but is not 
universal However, the relation of permuta- 
tion is universal The tiansfoimational idio- 
syncrasy of each language arises from the 
way m which a few universal transformational 
types, such as permutation, are exploited 

We can put these several considerations 
from linguistic theory together into a hypoth- 
esis about language acquisition (McNeill, 
1966b) Much of the deep structure of sen- 
tences is descnbed by various syntactic uni- 
versal, most transformations are idiosyncra- 
tic uses of universal types of relation Making 
the assumption that such linguistic umversals 
exist because of innate abilities, we can say 
that the abstractions of the deep structure 
are those universal categones and relations 
that reflect children's mnate capacities, and 
they are made abstract when children dis- 
cover the transformations of their language 

A language is thus acquired through dis- 
covering the relations that exist between the 
surface stiucture of its sentences and the 
universal aspects of the deep structure, the 
latter being a manifestation of children's own 
capacities The interaction between children’s 
mnate capacities and their linguistic experi- 
ence occurs at this point, in the acquisition 
of transformations — and it is here that 
parental speech must make its contribution 
(A similar argument is given by Schlesmger, 
m press ) 

Predication and the Basic Grammatical 
Relations If a language is acquired through 
discovering the transformations that relate 
surface structures to the universal aspects of 
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the deep structure of sentences, then these 
universal aspects must be present m children's 
earliest speech, at least, they must logically 
be present before the transformations that 
depend on them are acquired An aspect of 
children's capacities will not appear until it 
has 'matured/' but everything m earliest 
speech that is not transformational should 
reflect an aspect of children's capacities The 
early linguistic constructions of children 
should therefore be the universal parts of the 
deep structure of sentences but, m effect, 
pronounced directly It is for this reason that 
children are able to express meaning from 
the onset of language acquisition 

Recall the phenomenon of holophrastic 
speech Such speech consists of single-word 
utterances that have the conceptual content 
of full sentences De Laguna (1927) argued 
that holophiastic utterances have such content 
because they are comments on aspects of 
the situation in which the speech occurs If 
we accept de Laguna's argument, the phe- 
nomenon of holophrastic speech can be seen 
as the most primitive manifestation of a basic 
grammatical relation, predication, and there- 
fore as a very early appearance of what ulti- 
mately becomes part of the deep structure of 
sentences Children's speech is understanda- 
ble by adults even m its most primitive form 
because it makes use of predication, and 
predication is a fundamental aspect of the 
deep structure of sentences 

De Laguna believed that two-word sen- 
tences emerge when children label the topics 
of their comments She was interested m this 
step because it liberates the mteipretabikty 
of child speech from an extreme dependence 
on nonlmguistic context She was little con- 
cerned with the extension of grammar beyond 
that Nevertheless it is clear that her views 
encompass the early phases of patterned 
speech in general 

The basic grammatical relations correspond 
to the traditional grammatical functions of 
subject, predicate, verb, object, modifier, and 
head Such relations hold among the syntactic 
categories of the deep structure, they are 
universal, and they are honored m the early 
speech of children 

Table 3, presented in the preceding section, 
contained every combination of Adam’s gram- 
matical classes observed m his speech at 28 
months It was remarked at that point that 


the combinations of grammatical classes ob- 
served m Adam's speech possess a certain 
consistency that the combinations not ob- 
served m his speech lack We can now see 
what the consistency is 

The combinations in Table 3 are the pat- 
terns of Adam's grammatical classes that re- 
sult from a mechanical application of the 
definitions of the basic grammatical relations 
as contained m linguistic theory (McNeill, 
1966a) A predicate, for example, is defined 
in linguistic theory as a VP directly domi- 
nated by S For Adam, the following com- 
binations are consistent with this definition 
VN, NV, VNN, VPN, NVN, NNV, and NPN 
(the last assuming an absent V — the sentence 
was Adam two boot) The other lelations can 
be defined m a similar way A subject is an 
NP immediately dominated by S, a mam verb 
is a V immediately dominated by VP, an ob- 
ject of a verb is an NP immediately domi- 
nated by VP, a modifier is a determiner 
(Det) immediately dominated by NP, and a 
'head” is an N immediately dominated by 
NP Opposite each combination m Table 3 
are listed the basic grammatical relations with 
which it could be consistent As the reader 
can see, every combination of grammatical 
classes Adam did produce is consistent with 
at least one basic grammatical relation, and 
most of the combinations Adam did not pro- 
duce are not consistent with any basic giam- 
matical relation (Kelley, 1967, points out 
that two combmations, consistent with the 
basic grammatical relations, did not occur in 
Adam's speech) With three grammatical 
classes, there are (3) 2 = 9 different patterns 
two-words long and (3) 3 =£7 different pat- 
terns three-words long Five of the two-word 
patterns and 17 of the three-word patterns 
do not correspond to the basic grammatical 
relations, none of them occurred in the sam- 
ple of utterances collected from Adam at 28 
months 

One explanation of Table 3 therefore is 
that Adam organized utterances in terms of 
the basic grammatical relations, but he had 
not yet acquired any of the transformations 
in English that combine structures or add 
elements — for example, conjunctions, comple- 
ments, or embeddings It is for this reason 
that patterns such as WN did not occur m 
his speech, even though such sentences cor- 
respond to common surface structures m the 
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speech of adults — for example, come and eat 
lunch Indeed, many of the patterns excluded 
from Adams speech correspond to patterns 
available in the surface structure of adult 
sentences 

We can relate Table 3 to de Laguna’s argu- 
ment about predication If we search Table 
3 for patterns that could express piedication, 
we find that m one way oi another every 
pattern except PN ( another hall) and PNN 
{big Daddy book) could do so (and even 
some of these sentences probably are predica- 
tive — that Becky , for example, or that Becky 
ball) In terms of frequency of occurrence, 
between 70 and 90% of Adam’s utterances 
express predication (the lower figure excludes 
all potential modificationai combinations, the 
higher figure includes them) If predication 
is a primitive form of semantic organization, 
as de Laguna claimed, most early utterances 
of children should express it, and such is the 
case with Adam In contrast, only four pat- 
terns (PN, NN, NNN, and PNN in Table 3) 
could conceivably be subjects without pred- 
icates All othei instances of NP occur m the 
context of the object or predicate relations 

If now we look in Table 3 for patterns that 
could be predicates with subjects and patterns 
that could be predicates without subjects, we 
find a preponderance of the latter The pat- 
terns that correspond to predicates without 
subjects are VN ( change diaper ), VPN ( hit 
my ball), and VNN ( read Cromer paper ) — 
none of which was judged to be imperative, 
there were 194 such utterances at 28 months 
The patterns that correspond to predicates 
with subjects are NN ( Joshua home — mean- 
ing “Joshua is at home”), NV ( daddy goP), 
NPN {Adam two boot), PNV {another dog- 
gie run), NNV {Adam mommy stand), NVN 
{Adam change diaper), and possibly NNN 
{Adam mommy pencil), there were 178 such 
utterances at 28 months 

Even though there is a greater variety of 
predicates with subjects, there is more fre- 
quent use of predicates without subjects The 
divergence becomes more pronounced when 
we look for the single most frequent two- and 
three-word patterns In both cases they are 
predicates without subjects — VN and VNN — 
and they are more frequent by a large margin 
(Table 3) Such a relation with frequency 
would result if the sentences with subjects 
were all recent acquisitions and the sentences 


without subjects had existed in Adam’s reper- 
toire for some time Gruber (1967) draws a 
similar conclusion for the speech of another 
child There is therefore some support for de 
Laguna’s contention that children first pro- 
duce isolated predicates and later add subjects 

Predication, however, is not the only rela- 
tion evident in the speech of children at this 
early stage In addition, children express direct 
and indirect objects, modification, and possi- 
bly other relations Among Adam’s utterances, 
for example, were see truck, write paper, and 
dirty paper — a direct object, an indirect ob- 
ject, and a modificationai construction, re- 
spectively He also uttered apparent posses- 
sives — for example, Adam hat — which is a 
variety of modification, according to recent 
views (Chomsky, 1967) 

All these examples manifest different gram- 
matical relations, and a question arises con- 
cerning their origin It is impossible to say 
from Adam’s evidence whether or not these 
relations had equal tenure m his grammar at 
28 months All four conceivably existed at the 
holophrastic stage But it is equally possible 
that originally Adam’s utterances expressed 
only predication, to which was first added 
modification (including possessives), then di- 
rect objects of verbs, then subjects, and finally 
indirect objects of verbs — this being the order 
of the frequency of these relations m Adam’s 
speech at 28 months 

Whatever the order of emergence of such 
relations, however, it is difficult to imagine 
that they were, m any sense, discovered by 
Adam For example, Adam apparently ex- 
pressed the object of a preposition before he 
included prepositions m his speech, as in write 
paper and several other examples It is diffi- 
cult to see how he could have discovered 
such a relation from surface structures with- 
out also discovering the preposition the prep- 
osition is the only feature on the surface that 
identifies the relation It seems rather that 
Adam used the different basic grammatical 
relations, as they became available, to or- 
ganize his other linguistic expenences — for 
example, acquisition of such prepositional 
phrases as write on the paper 

Other children also manifest these relations 
A child studied by Gruber (1967) has already 
been mentioned The two other children fol- 
lowed by Brown and his collaborators give 
parallel evidence Perhaps more striking is the 
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appearance of these relations m the speech of 
children exposed to other languages Evidence 
for Japanese children has been discussed by 
McNeill (1966b) Slobin (in press) has re- 
viewed a number of diary studies and found 
evidence for the early emergence of the basic 
grammatical relations in Russian, Serbian, 
French, German, Georgian, Italian, and Bul- 
garian 

Intrinsic and Extrinsic Predication 2 Adam’s 
sentences without subjects at 28 months often 
made reference to himself as the omitted but 
implied subject Change diaper meant that 
Adam wanted to change his diaper, hit my 
ball meant that Adam was claiming this act 
for himself, read Cromer paper described 
something that Adam was doing His sen- 
tences with subjects, on the other hand, al- 
most always had an NP other than Adam or I 
as the subject — Joshua , daddy , another dog- 
gie, etc 

The pattern of omitting Adam and I from 
the subject position of sentences reflects a dis- 
tinction between two types of predicative re- 
lation available to children, between what we 
may call intrinsic and extrinsic predication. 
The distinction is widespread It appears as a 
conditioning factor for the presence of sub- 
jects" in children’s sentences, it appears as a 
permanent distinction m the Negro dialect of 
English (as between he working and he be 
working , Labov, Cohen, and Robins, 1965), 
and it controls two transformations m Japa- 
nese 

Adult speakers tend to omit the subjects of 
sentences when it is clear that the subject will 
be understood by a listener To use Vygotsky’s 
(1962) example, one would not say “the bus 
for which we have been waiting so long is 
here at last”, one would simply say “at last ” 
Adam apparently believed that sentences in- 
volving himself as the subject were clear m 
this sense, whereas sentences containing other 
NPs were not 

How did he arrive at such a conclusion? 
The egocentrism of young children comes to 
mind as a possible explanation, but in fact it 
does not provide an answer For if Adam was 
egocentric m the sense of Piaget (1926), we 
must wonder why he ever included subjects 
m sentences, all subjects would appear to 

2 The discussion in this section has been de- 
veloped jointly with Nobuko B McNeill 


be “understood” to an egocentric mind Ego- 
centrism plays a role in Adam’s speech, but 
it is secondary to the more fundamental role 
of intrinsic and extrinsic predication 

Let us turn to the acquisition of Japanese 
It is here that the distinction between extrin- 
sic and intrinsic predication is most clearly 
revealed, then we can return to the acquisi- 
tion of English 

Japanese, like many languages, uses post- 
positions Two of them are reserved for mark- 
ing the superficial manifestation of the sub- 
ject of a sentence The two postpositions have 
nearly identical distributions in the surface 
structure of sentences, m that they can re- 
place one another, but they have different 
implications for the underlying structure One 
postposition, wa , is used when the relation 
between the subject and predicate of a sen- 
tence is of an intrinsic type, the other, ga, is 
used when this relation is of an extrinsic type 

The distinction between intrinsic and ex- 
trinsic predication may be cognitive in origin 
(and thus fall m the domain of “cognition and 
language”), and all languages may therefore 
exploit it, although m different ways In 
Japanese the two types of predication resolve 
themselves into a distinction between the sub- 
ject (ga) and topic (wa) of sentences, this 
distinction is a special syntactic point and 
need not concern us here 

Sentences requiring the postposition wa in 
Japanese have predicates that state an intrin- 
sic property of the subject It is felt mtnnsical- 
ness that counts, no difficult ontological in- 
sights are required of a Japanese speaker 
Habitual activities, for example, are regarded 
as intrinsic — daddy works in an office So is 
attribution — government architecture is gro- 
tesque , membership m a hierarchy — a collie 
is a dog , definition — that is a collie , and 
various truisms such as all men are mortal 

Sentences with ga have predicates that 
state extrinsic properties of the subject Such 
sentences often take the form of momentary 
description — there is a dog m the yard (when 
this is not customary). As with an intrinsic 
predicate, the information contained in an 
extrinsic predicate is asserted about a subject, 
but unlike an intrinsic predicate such infor- 
mation is not felt to be an inherent part of 
the subject 

How are wa and ga acquired? Both post- 
positions are introduced into the surface struc- 
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ture of sentences by transformations ( Kuroda, 
1965) and at first do not appear in the speech 
of children At 28 months or so (m the chil- 
dren studied by McNeill, 1966b), ga first 
comes to be used, although not frequently 
When used, however, it is used appropriately 
— always with extrinsic predicates About 6 
months later wa first appears, and it too is 
always used appropriately — with intrinsic 
predicates Thus extrinsic predication appears 
to develop before intrinsic predication 

However, we have only half the story, and 
the second half reverses the interpretation of 
the first It is possible for a natiye speaker 
of Japanese to classify children’s utterances 
containing neither wa noi ga according to the 
postposition required McNeill (1968b) found 
that approximately 90% of Japanese chil- 
drens sentences are sufficiently clear to be 
so classified The results of this procedure are 
clear the great majority of children’s early 
sentences consist of intiinsic predicates Al- 
though ga is the first postposition to be in- 
cluded m child speech, wa is the postposition 
most often called for 

We have what appears to be a paradox 
On the evidence of the postposition first ac- 
quired, extnnsic predication is dominant, but 
on the evidence provided by direct judgments 
of children’s predicates, intrinsic predication 
is dommant 

The paradox is resolved when we observe 


the effect of the two types of predication on 
the inclusion of subject-NPs m sentences If 
one looks at whether a child utters an isolated 
predicate or a predicate with a subject, one 
finds that subjects are usually included with 
extrinsic predicates and are usually omitted 
with intrinsic predicates The transformation 
for wa cannot be formulated if there is no 
superficial NP to which the postposition can 
be attached The situation is the opposite 
with extrinsic predication Subjects are usually 
mcluded with such predicates, so the trans- 
formation that introduces ga can be, and is, 
formulated early 

The same tendency exists m the speech of 
English-speaking children English-speaking 
children, of course, also do not include wa or 
ga in their early speech They therefore pre- 
sent a situation comparable to the speech of 
young Japanese children, and a native (but 
bilingual) speaker of Japanese can also 
classify their sentences according to whether 
they “lequire” wa or ga The procedure leads 
to the same outcome (McNeill, 1968b) 
There is a strong tendency for the children 
studied by Brown and his colleagues to in- 
clude subjects with extrinsic predicates and 
to omit subjects with intrinsic predicates 

The following are examples of the two 
types of predication from four children — two 
English-speaking and two Japanese-speaking 


Eve 


Adam 


lzanami 


Murasdki 


( extrinsic ) 

Mommy sit bottom 

Fraser read Lassie 

( intrinsic ) 

on Wednesday (the stock answer to “When’s Cromer coming?”) 
on my head (said of a hairband) 

(extrinsic) 

Bunny rabbit running 

Cromer right dere 

(intrinsic) 

pretty. Mommy? 

go dere, Mommy? (said of a puzzle piece) 

( extrinsic ) 

Reiko said “no” 

tape goes round and round 

(intrinsic) 

the same ( said of two dresses ) 
office (said of her father) 

(extrinsic) 

the lion’s mommy is seated 
a giraffe is eating grass 

(intrinsic) 

can’t eat the rind (said of an orange) 
delicious (said of a cracker) 
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We can now see why Adam tended to omit 
mentioning himself as the subject of sen- 
tences The predicates of such sentences were 
intrinsic An intrinsic predicate is one that 
entails its subject, the information contained 
in the predicate is felt to be inherent in the 
subject, which therefore need not be men- 
tioned Possibly Adam egocentrically felt that 
anything predicated about himself was in- 
trinsically true Other NPs, when serving as 
the subjects of sentences, were or were not 
included precisely accoidmg to whether or 
not the predicate was felt not to be intrinsic- 
ally true of the NP 

It is possible that holophrastic utterances 
consist largely if not exclusively of intrinsic 
predicates That would be one reason for a 
limitation of such utterances to single words 
and for a dependence of holophrastic speech 
on context Children would add subjects to 
predicates, as de Laguna believed, when the 
predicates become extrinsic Such an event 
appears to happen first when children are 18 
to 24 months old It is as if one suddenly 
realized that he was talking to a blind man 
when he said “at last” as a bus appeared 
around a distant comer 

The Differentiation of Grammatical Cate- 
gories Figure 5 traced the history of the 
pivot class of one child, Adam According to 
Slobm (in press), Gvodzev’s son Zhenya had 
a pivot class almost identical to Adam’s both 
children included demonstrative and personal 
pronouns, vanous adjectives, and such de- 
terminers as other Presumably the two chil- 
dren passed through a similar senes of steps 
in reaching the grammatical classes of their 
languages 

The interpretation made before of Adam’s 
pivot class can also be made of Zhenya’s pivot 
class although exposed to a different lan- 
guage, Zhenya as well as Adam arrived at a 
generically appropnate classification of the 
words in his vocabulary, mdeed, Adam and 
Zhenya arrived at the same classification 
Now, after having reviewed evidence for the 
existence of children’s innate linguistic abili- 
ties, in particular the ability to organize sen- 
tences according to the basic grammatical 
relations, we can return to the problem of 
generic classification 

The reader will recall the problem a 
generically appropnate pivot class honors dis- 
tinctions m adult grammar that children have 


not yet drawn Both Adam and Zhenya, for 
example, placed all adjectives into a pivot 
class even though adjectives themselves were 
not yet recognized as a grammatical class 
The problem is to explam such apparent 
teleology 

Two accounts come to mind Each corres- 
ponds to a different conception of grammati- 
cal classes in linguistic theory In the end, we 
shall find a way to put the two explanations 
together, but to begin with we shall present 
them as if they were alternative accounts 

One explanation was proposed by McNeill 
(1966a) The argument m this case relates 
the telegraphic sentences of young children 
to the semigrammatical sentences of adults 
A speaker of English will recognize John 
plays golf, for example, as being well-formed 
He will also recognize golf plays John as be- 
ing semigrammatical, a deviation from the 
grammar of English, and golf plays symmet- 
rical as being even less grammatical than 
golf plays John Moreover, speakeis of En- 
glish can interpret semigiammatical sen- 
tences Golf plays John is a devastating re- 
mark in part because it is deviant and m part 
because it is analogous with the well-formed 
John plays golf 

There are two salient facts m connection 
with the phenomenon of semigrammaticality 
One is that semigrammatical sentences are 
ordered according to how far they depart 
from being well-formed The other is that 
fluent speakers have an ability to* interpret 
semigrammatical sentences, even though they 
are not well-formed 

Chomsky (1961), who raised this problem, 
gave an explanation of it m terms of a postu- 
lated hieiarchy of grammatical categories 
Such a hierarchy has never actually been es- 
tablished, but one can imagine what some of 
its properties would be Every level of the 
hierarchy would encompass the total lexicon 
of English The lowest level would comprise 
all the grammatical classes of English, the 
next level would mclude the same words 
except that certain distinctions are lost, the 
level above this would mclude again the same 
words except that even more distinctions aie 
lost, and so on until the top-most level, which 
would consist of one gigantic grammatical 
class The actual number of words, of course, 
is irrelevant Chomsky’s hierarchy could be 
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established within the much smaller vocab- 
ulary of children 

A semigrammatical sentence is one that can 
be represented by the rules of the grammar 
only at some intermediate level m the hier- 
archy of categones Of two semigrammatical 
sentences, the one that deviates most from 
being completely well-formed is the one that 
is represented at a higher level m the hier- 
archy of categories John plays golf is repre- 
sented by the rules of the grammar at all 
levels of the hierarchy, including the most 
differentiated level at the bottom However, 
golf plays John can be represented only down 
to the level where the distinction between 
animate and inanimate nouns is lost, and golf 
plays symmetrical cannot be represented be- 
low the level where the distinction between 
nouns and adjectives — two major grammatical 
categories — is lost 

Understanding a semigrammatical sentence 
depends on noting an analogy with well- 
formed sentences represented m the same 
way as the semigrammatical sentence at the 
appropriate level m the hierarchy Thus golf 
plays John is perceived as analogous to John 
plays golf because both receive the same 
representation when the distinction between 
animate and inanimate nouns is abolished 

McNeill's (1966a) suggestion was that 
children s sentences are semigrammatical in 
this technical sense Like golf plays John and 
golf plays symmetrical, the telegraphic sen- 
tences of children omit certain grammatical 
distinctions Moreover, it was claimed that the 
diffeientiation of the grammatical classes 
shown m Fig 5 is m fact a record of Adam’s 
progress down the hierarchy of categones 
Chomsky discussed Thus early sentences 
from children honor fewer distinctions than 
later sentences do, just as semigrammatical 
sentences honor fewer distinctions than well- 
formed sentences do, and the distinctions 
children draw at any time are genencally re- 
lated to the distinctions they draw at later 
times, just as the category of nouns (for 
example) is genencally related to the cate- 
gories of animate and inanimate nouns 

Children’s sentences are therefore under- 
stood by adults as semigrammatical sentences 
Since the information is the same, adults un- 
derstand such infantile utterances as that a 
Adam hall through the same mechanisms they 
use to understand such semigrammatical sen- 


tences as golf plays John In both cases, gram- 
matical distinctions of English are violated, 
thus placing the sentences on an intei mediate 
level m the hierarchy of categories and the 
sentences are understood on the basis of 
analogies with well-formed sentences 
An experiment reported by McNeill 
(1966a) lends support to this identification 
of child sentences with semigrammatical sen- 
tences Pairs of sentences recorded from chil- 
dren at different ages were given (m written 
form) to adults, who had to decide which 
member of each pair had been uttered by a 
younger child Vocabulary and length were 
matched withm pairs, every sentence was 
grammatically deviant, only the age of re- 
cording and, presumably, the degree of gram- 
maticahty differed Adults could accuiately 
pick the earlier sentence 81% of the time 
(chance being 50%), earlier sentences thus 
tend to be more deviant when judged against 
the standards available to adults Unless 
adults have special standards for judging 
child speech, it seems clear that there is a 
basic similarity between the phenomenon of 
semigrammaticahty m adults and the linguis- 
tic development of childien 
The suggestion in McNeill (1966a) was 
that the upper levels of the hierarchy of cate- 
gones are universal among languages and are 
a reflection of one aspect of children’s mnate 
linguistic abilities It is certainly difficult to 
imagine that children learn such genencally 
appropriate categones There is no class of 
"modifiers” m English or Russian that corres- 
ponds to Adam’s and Zhenya’s pivot class 
However, children may be equipped to notice 
a general function of modification when it 
exists in the speech of adults, and to place 
words together when they serve this function 
At some (fairly high) level m Chomsky’s 
hierarchy, articles, demonstrative and per- 
sonal pronouns, adjectives, and such de- 
terminers as other are all alike Adam and 
Zhenya, if they had available such a level in 
the hierarchy, would treat these different 
adult classes as the same, that is, as pivots 
Discovery of the adult categones could then 
proceed, as it did, by differentiation 

Such is one account of children’s early syn- 
tactic organization It makes a strong predic- 
tion, which can easily be examined If chil- 
dren initially classify words according to a 
universal hierarchy of categones, then all 
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primitive grammatical classes must be generi- 
cally appropriate Children must never place 
words from the same adult class into different 
grammatical classes of their own 

In fact some children do not arrive at a 
genencally appropriate classification of words 
One of Miller and Ervin’s (1964) subjects, 
for example, placed adult adjectives m both 
the pivot and open classes Izanami, one of 
McNeill’s (1966c) subjects, did the same 
The early grammatical classes of these chil- 
dren were not genencally appropnate and 
could not possibly be refined through differ- 
entiation 

There is a difficulty then The problem ap- 
pears to lie with the onginal analysis of adult 
syntactic classification, and not with the ex- 
tension of such an adult analysis to the syn- 
tactic classification of children On indepen- 
dent grounds, Chomsky (1965) rejected the 
notion of grammatical categories, replacing it 
with the concept of syntactic features The 
change m theory was made to take mto ac- 
count the cross-classification of words Con- 
sider, for example, the four nouns, John, ele- 
phant, ocean, and Egypt Two are proper 
nouns ( John and Egypt) and two are com- 
mon nouns ( elephant and ocean ) One might 
suppose that English contams these two 
grammatical categories But the four words 
present a second distinction, which cuts across 
the first John and elephant also are animate 
nouns, and Egypt and ocean are inanimate 
nouns Logically no way exists to make one 
of these distinctions hierarchically superior to 
the other Inanimate nouns, for example, are 
not all proper nouns, nor are they all com- 
mon nouns They may be either, for nouns 
are cross-classified 

A consideration of such facts led Chomsky 
to do away with the idea of a grammatical 
category, and to replace it with the idea of 
a syntactic feature Thus Egypt has the fea- 
tures [inanimate] and [proper], John has the 
features [animate] and [proper], etc 

It is not surprising therefore to find 
that children also cross-classify grammatical 
classes Words m the same adult "class” can 
have m part different features Depending on 
which features a child uses, words from the 
same "class” may find their way into different 
categories in the child’s grammar Suppose, 
for example, that at an early point in develop- 
ment a child classifies words encountered in 


adult speech according to whether they are 
[animate] or [inanimate], but m no other 
way Then elephant and ocean, two nouns, 
would appear m different syntactic categones, 
as would Egypt and John Miller and Ervin’s 
and McNeill’s subjects apparently cross-classi- 
fied adjectives in a way comparable to such 
cross-classification of nouns 

If we accept the possibility that children 
classify words according to features, then 
how can we explain such genencally appro- 
priate classification as does occur? What led 
Adam and Zhenya to treat demonstrative and 
personal pronouns, articles, determiners, and 
adjectives alike? 

In the view sketched above, genenc classi- 
fication can mean only one thing At the time 
Adam’s and Zhenya’s speech was observed, 
they were classifying words according to a 
smgle feature The feature must have been 
one shared by the vanous words classified 
together as pivots, these words, as they were 
encountered in adult speech, were then 
placed mto the pivot "class ” 

The function played by Adam’s and 
Zhenya’s pivot words was modification, in- 
deed, Brown and Bellugi (1964) referred to 
Adam’s pivot class as a modifier class We 
therefore might suspect that the pivot class 
and the feature on which it is based are as- 
sociated m some way with the basic gram- 
matical relation of modification As men- 
tioned previously a relation of modification 
holds between a determiner and a noun when 
both belong to the same NP In order for this 
definition to hold, any word understood to 
modify a noun must be classified [+ Det] 
and [+ — N], similarly, any word under- 
stood to be modified by a determiner must 
be classified [+ N] and [Det — ] That is, the 
grammatical relation of modification auto- 
matically imposes two grammatical categones, 
Det and N, and establishes a contextual rela- 
tion between them — — N and Det — , respec- 
tively Evidence has already been presented 
that the basic grammatical relations are re- 
flected m children s earliest linguistic per- 
formances A child able to recognize th^t two 
words are related as modifier and modified 
is also able to classify one as [ + Det, +. — N] 
and the other as [+ N, + Det — ] Doing so 
is an automatic result of understanding the 
basic grammatical relation. The second set 
of features designates a class of nouns The 



1096 DAVID MCNEILL 


first set exactly designates the pivot class of 
Adam and Zhenya 

This argument can be generalized to cover 
each of the basic grammatical lelations If 
the reader will visualize a tree-diagram repre- 
senting the deep structure of a simple de- 
clarative sentence (or look at Table 10 m the 
Appendix), he will see that each of the six 
following sets of features can be derived from 
the basic grammatical relations (asterisks will 


be explained below) 


predicate 

[4- VP, + NP — ] 

subject 

[+ NP, +_VP] 

mam verb 

[+ V, + — NP] * 

object 

[+ NP, + V ] 

modifier 

[+ Det, + — N]“ 

head 

[+ N, + Det — ] 


The basic grammatical relation responsible 
for each set is indicated on the left (The 
use of + NP and + VP as features has been 
proposed for adult grammar by Chomsky, 
1967 ) 

It is important to note that these features 
are automatically made available whenever a 
child obtams any meaning from adult speech 
Not everything in adult speech is necessarily 
understood, of course, but everything under- 
stood is necessarily classified accordmg to the 
preceding list of features, at least momen- 
tarily That is true by virtue of the definitions 
of the basic grammatical relations However, 
entering such information into a lexicon is a 
separate step, not guaranteed by these defini- 
tions A child may at first draw on only one 
relation to develop a lexicon (as with Adam), 
and he might not make an entry every time 
he encounters an example of an appropriate 
relation in adult speech The fact that a 
single word never goes into different pivot 
classes for the same child reflects this restric- 
tion — at first, children assume that each word 
has one and only one classification 

Moreover, there is no assurance that a 
child understands adult speech correctly In- 
appropriate classifications can occur When 
they do, however, it is because words are 
used in the wrong grammatical relations, not 
because they are used in esotenc relations or 
in no relation at all Such are the constraints 
within which child language exists Utterances 
like allgone shoe can be understood m this 
light, Brained subject either treated allgone 
as a modifier (and so as a word like big or 


that) or allgone shoe as a complete but back- 
ward sentence (and so equivalent to the En- 
glish the shoe is allgone) 

Some children uttei sentences both forward 
and backward for a time, the two directions 
expressmg the same grammatical relation It is 
as if some nouns were (for example) tagged 
[4- VP — ] and others [+ — VP] Thus 
we can hear both ball hit and read mommy 
as expressions of the subject and predicate 
relations Brame (in press) lists several such 
examples It is not necessarily the case, as 
sometimes has been thought (eg, Slobin, 
1966b), that children adhere to a fixed order 
of words when expressing the basic gram- 
matical relations It should be noted that con- 
textual features, such as [4- — VP], show 
logical relations They show ordinal relations 
in addition, only via a further principle that 
logical relations are expressed through the 
order of words In languages other than En- 
glish contextual features often control inflec- 
tions and the order of words serves an alto- 
gether different function, for example, style 
A word classified with just one set of fea- 
tures can be used only in the corresponding 
relation Eventually all words are classified m 
several ways, thus enlarging the distributional 
range of each word However, additional fea- 
tures sometimes lead to temporary restrictions 
of range instead Two of Browns subjects, 
for example, used for a time only animate 
nouns as the subjects of sentences and only 
inanimate nouns as the objects of verbs (un- 
published materials) Nouns apparently had 
been tagged m the lexicon as [4- NP, 4- — 
VP, 4- animate] and [4- NP, + V — , 4- inani- 
mate], an enlargement of the feature roster 
produced a restriction m distributional range 
The question is sometimes raised whether 
or not children rely on semantic considera- 
tions in classifying words syntactically (eg, 
Slobin, 1966a) Doing so would presuppose 
a link between semantic and syntactic infor- 
mation words alike on a certain semantic 
feature (say, activity) are all given the same 
syntactic featuie (say, 4- V) Brown (1958) 
found evidence that children of three or four 
are alert to the semantic implications of non- 
sense words used as mass nouns, count nouns, 
or verbs Brame (in press), using a technique 
like Brown’s, concluded that whereas the clas- 
sification of verbs might be assisted by seman- 
tic implications, the classification of nouns 
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probably is not His observations are interest- 
ing and worth reporting in some detail 

Brame taught his 2-year-old daughter two 
new words, one the name of a kitchen appli- 
ance (mss) and the other the name of the act 
of walking with the fingers (seb) Niether 
word was used by an adult in a grammatical 
context However, the child used both words 
appropriately — mss as a noun and seb as a 
verb, as in more mss and seb Teddy She also 
used seb as a noun, but never used mss as a 
verb There were sentences like more seb and 
this seb , but none like mss the vegetables 
Evidently there is no requirement that nouns 
be associated with things, although there is 
a requirement that verbs be associated with 
actions Brame also observed his daughter 
using newly acquired Hebrew verbs as nouns, 
but he never observed her using nouns as 
verbs 

These observations show that although se- 


mantic information is helpful in syntactically 
classifying words, such information is not 
identical with syntactic classification seb was 
used as a noun, regardless of its association 
with action 

The child’s productive use of both seb and 
mss m sentences, even though the words had 
been introduced out of context, reflects the 
degree of freedom of child speech from the 
circumstances m which examples are encoun- 
tered — a matter we return to later 

If children develop lexical features from 
the basic grammatical relations, how then are 
we to interpret the pivot and open classes? 
An answer is suggested by a chart prepared 
by Slobm (in press), which is reproduced 
here as Table 5 The chart shows examples of 
pivot words from the early grammars of chil- 
dren exposed to three different languages 
English, German, and Russian The examples 
have been collected fiom various diary stud- 


Table S Pivot Structures in English, German, and Russian 


Function Language 


of Pivot 

English 

German 

Russian 

Modify, quality 

pretty — 
my — 
allgone — 
all — 
big — 
other — 

armer [poor] — 
mein [my ] — 
alle [allgone ] — 

— bo-bo [hurt] 

— khoroshaya [good] 
— tyu-tyu [allgone] 

Locate, name 

there — 
here — 

see — 

it — 
that — 

— on-there 
— up-there 

— da [there] 
da-is [there is] — 
gukuk [see] — 

— tam [there] 

Describe act 

— away 

— on 
— off 
— it 
— do 

— come 

I— 

— bah [away] 

— an [on] 

— auf [on] 

— aus [off] 

— tprua [walk] 

— bay-bay [sleep] 

— upala [fell down] 
— bukh [fell down] 

Demand, desire 

more — 

give — 
want — 

mehr [more] — 
bitte [please] — 

eshche [more] — 
day [give] — 

Negate 

no — 

don't — 

nein [no] — 
nicht [not ]* — 

net [no] — 
ne-nado [don't ] — 

From Slobra, in press 
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les Slobm organized the chart to reflect cer- 
tain semantic regularities — for example, that 
some pivots serve to modify meaning ( pretty , 
mem, bo-bo), that others locate or name 
things (there, da, tam), that still others de- 
scribe acts (away, bah, bukh) Such distinc- 
tions may indeed be important in child speech, 
it is impressive that a word for aUgone, for 
example, is used as a pivot by each child 
However, semantic factors do not explain the 
pivot-open distinction Even if all children 
have use for a concept like “allgone,” the term 
representing it could appear as either a pivot 
or an open word 

In order to understand why the pivot-open 
distinction appears as it does we must note 
another regularity running through Table 5 
Aside from negation (which is treated be- 
low), the pivots of Table 5 involve only cer- 
tain sets of syntactic features — those marked 
by an asterisk m the preceding list It is the 
case, apparently, that pivot words are never 
Ns or NPs, whereas open words are always 
Ns or NPs Such a restriction would exist if 
pivot words could express only the basic 
grammatical relations of modification, predica- 
tion, and mam verb From this pomt of view, 
the distinction between pivot and open classes 
is a superficial and imperfect reflection of the 
development of these three relations and its 
effects on a child's lexicon The distinction 
necessarily appears m a distributional anal- 
ysis because a child's lexicon is derived from 
the three basic grammatical relations of modi- 
fication, predication, and mam verb, and 
sentences constructed from this lexicon are 
limited to two or three words Each of the 
observed relations yields N or NP as a con- 
textual feature 

Why are the other basic grammatical rela- 
tions — subject, object, and ‘head" — never a 
source of pivot words? One reason may be the 
following Each such relation mvolves an N 
or NP m combination with some other cate- 
gory By not establishing N and NP as pivot 
words a child treats N and NP as unmarked 
categories and all other categories as marked* 
every word is either an NP (or N) or a word 
that appears with an NP (or N) Such a di- 
vision of the lexicon requires 4 distinct lexical 
entries — the 3 marked by an astensk m the 
list above plus NP (or N) It is the simplest 
possible lexicon that can be derived from the 
6 basic grammatical relations. If the marked- 


unmarked distinction is reversed, with NPs 
(or Ns) as pivots, there are 5 distinct lexical 
entries, and if it is not established at all, there 
are 6 Children therefore seem to be guided 
by a principle of simplicity Since Ns outnum- 
ber all other words m children’s vocabulary 
at this point in development, simplifying 
nominal entries is the largest single simplifi- 
cation possible that does not lose contact with 
the basic grammatical relations 

All the distributional and featural charac- 
teristics of the pivot-open direction can be 
thus understood Pivot words are either mod- 
ifiers, predicates, or mam verbs, open words 
appear with pivot words m the complemen- 
tary relations Open words appear without re- 
striction because they are unmarked, pivot 
words appear with open words because they 
are marked Modifiers, for example, cannot 
occur alone because they have the obligatory 
feature [4 — N] and cannot occur with each 
other because they do not have the feature 
[4 Det — ] Nouns appear alone because 
they have no contextual feature and appear 
with pivots because pivots have nouns as a 
contextual feature Kelley (1967) has built 
one of these features — modification — into a 
computer program that successfully acquues 
certain aspects of English syntax 

Summary, The basic grammatical relations 
penetrate deeply into the linguistic powers of 
children We now summarize what has been 
said of them, exposing clearly the line of ar- 
gument followed 

One basic grammatical relation — predica- 
tion — appears to be present form the earliest 
moments of holophrastic speech Later devel- 
opments depend on an elaboration of this 
relation as well as an introduction of the re- 
maining grammatical relations — subject, verb, 
object, and modification All such develop- 
ments produce forms that eventually become 
the deep structure of sentences v 

We have reviewed two lines of change 
One is the incorporation of subjects with 
predicates m children’s speech, another is the 
construction of a lexicon where words are 
classified according to the grammatical rela- 
tions they can occupy 

It is important to observe that the basic 
grammatical relations, combined with the def- 
inition of grammatical categones m terms of 
syntactic features, give children's grammar a 
certain necessary form Without exception, 
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children construe everything understood in 
adult speech according to the basic gram- 
matical relations, equally without exception 
therefore they identify words encountered m 
parental speech as possessing such features 
as [+ N], [+ Det — ], [+ — VP] Children 
may or may not record such information (a 
lexicon is not developed instantly) , but merely 
to understand adult speech its vocabulary 
must at least momentarily be classified ac- 
cording to the features imposed by the basic 
grammatical relations Children’s own speech 
is constructed according to the same basic 
principles — for children presumably under- 
stand most of what they say 

Insofar as the basic grammatical relations 
reflect the innate abilities of children, the type 
of grammar just outlined will be developed re- 
gardless of the language to which a child is 
exposed It is a universal child grammar, and 
it leads to a convergence of child and adult 
grammar at the level of meaning no matter 
what language a child happens to be exposed 
to Other aspects of grammar also are uni- 
versal and may be a reflection of childrens 
innate abilities Syntactic features derived 
from the basic grammatical relations, such as 
[+ — VP] and [+N], are what Chomsky 
(1965) called categorical features, they make 
such stnngs as golf plays symmetrical gram- 
matically deviant However, categorical fea- 
tures do not exhaust the information con- 
tained in the deep structure of sentences In 
addition there are features, called subclassi- 
ficational by Chomsky, which serve to elimi- 
nate such stnngs as golf plays John Features 
of the first type specify where a word can 
appear m a deep structure, for example, in 
NP but not in V Features of the second type 
specify how words coexist in deep structures, 
for example, plays takes only animate sub- 
jects and inanimate objects Subclassificational 
features cannot be developed fiom the basic 
grammatical relations 

The differentiation of Adam’s pivot class 
(Fig 5) produces a family of such subclassi- 
ficational features The pivot class itself is 
based on the categoncal features [+ Det, + 
— N] . It is conceivable that a universal hier- 
archy of features, much like the universal 
hierarchy of categories descnbed by Chomsky 
(1961), is responsible for this differentiation 
If such is the case, the arguments developed 
earlier would again apply Sentences that vio- 


late a subclassificational feature would be 
understood by adults through reference to a 
higher level in the hierarchy, and children’s 
linguistic advancement would be the result of 
progressing from higher to lower levels m the 
same hierarchy 

The Acquisition of T ansformations 

The deep structures of sentences are largely 
a reflection of children’s innate linguistic abil- 
ities It is for this reason that such informa- 
tion can be totally abstract m sentences Deep 
structures become abstract when children 
learn the ti ansformations of then* language 
The interaction between linguistic experience 
and innate linguistic ability thus occurs heie 
— in the acquisition of transformations — and 
here is the appropriate place to examine the 
role of parental speech Such is our guiding 
hypothesis 

The present section reviews what is known 
of this interaction It can be viewed as a his- 
tory of the way that children, beginning with 
a universal child grammar, diverge in the di- 
rection of the grammar of then local language 
We shall have occasion to trace the emergence 
of several transformations of English, and to 
examme the suitability of several psychological 
proposals — both traditional and otherwise — 
for the acquisition of language 

The Emergence ot Inflections We begin 
with the acquisition of certain morphological 
details Although inflections are usually not 
introduced through major formations, they are 
easily traced features of the surface structuie 
of sentences, and they clearly illustrate some 
aspects of the way children learn to relate 
deep and surface structures. 

Table 6 lists the order of emergence of sev- 
eral noun and verb inflections m English (Bel- 
lugi, 1964) The data are based on obser- 
vations of two children Also shown is the 
relative frequency of the same inflections in 
the speech of the children’s mothers 

There are several matters worth noting 
One is that the order of emergence is the 
same for the two children Order is the same 
even though the children’s rate of develop- 
ment is radically different, one child taking 
twice as long to acquire the six inflections of 
Table 6 as the other A second point is that 
forms employing the same phonetic variants 
do not appear at the same time, Three inflec- 
tions have the same phonemic realization, 
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Table 6 The Emergence of English Inflections 
in the Speech of Two Children 


Age of Combined 
Appearance Rank 0rder 

(m months) ffi Mothers 


Inflection Adam Eve Speech 


Present pro- 




gressive, -mg 

28 

19Vi 

2 

Plural on nouns, - s 
Past on regular 

33 

24 

1 

verbs, -ed 
Possessive on 

39 

24Vi 

4 

nouns, -s 

Third person 

39 Vi 

25Vi 

5 

on verbs, -s 

41 

26 

3 


From Bellugij 1964 


These are plural marking of nouns, nouns 
marked for possession, and third person verbs 
The last appears anywhere from 2 to 8 months 
later than the first, so it is not phonemic de- 
velopment that regulates the acquisition of 
inflections Finally, the order m which inflec- 
tions emerge in the speech of children is 
weakly correlated with the frequency of the 
forms m the speech of adults The most glai- 
ing discrepancy involves third-person marking 
on verbs, which is third most frequent in ma- 
ternal speech but last to emerge m child 
speech 

Now consider the equivalent phenomenon 
m the acquisition of Russian Here matters 
are more complex The language is highly 
inflected, and for this very reason more inter- 
esting Slobin (in press), after examining a 
number of reports m the Russian literature, re- 
constructed the following chronology The 
first inflections to appear are the plural and 
diminutive marking of nouns and the impera- 
tive marking of verbs This happens at 22 
months or so Next to appear are various case, 
tense, and person markings on verbs — a com- 
plex story to which we return shortly Then 
appears the conditional marking of verbs, 
much later than the inflections of case, tense, 
and person, even though the conditional is 
structurally simple m Russian After this, 
nouns come to be marked for various abstract 
categories of quality and action, and finally, 
last by a large margin, appears gender mark- 
ing of nouns and adjectives 

Slobin argues that three major factors in- 
fluence the point at which inflections appear 
m linguistic development One is the frequency 


of occurrence of an inflection m adult speech, 
we see the effects of this factor m Table 6 
A second is the superficial complexity of an 
inflection (eg, the accusative emerges late 
m German, where it is relatively complex, and 
early m Hungarian, where it is simple) The 
third is something Slobin calls the “semantic 
content” of an inflection, which probably re- 
fers both to the deep structure of sentences 
and to the sheer intellectual difficulty of the 
idea represented by an inflection Hie rela- 
tively late appearance of the Russian condi- 
tional, for example, is explamed by its difficult 
semantic content 

Gender in Russian is an ambiguous case 
It is by far the most difficult aspect of Rus- 
sian morphology foi children to master errors 
typically continue until 7 or 8 years Slobin 
attributes the confusion over gender to its 
difficult semantic content most nouns are 
arbitrarily marked, some nouns with real im- 
plications of gender are marked m the wrong 
way, etc However, the problem may not be 
the semantic difficulty of gender at all Gen- 
der m adult Russian appears to have little 
or no semantic content But for children it 
may have definite semantic implications If 
this is correct, then the difficulty children 
experience with gender-marking is not a mat- 
ter of deep complexity but of superficial 
complexity If a Russian child reacts to gen- 
der-marking at an early age, he will exclude 
these inflections from “inappropriate” words 
Thus gender-marking will be slow to develop, 
for a child must learn a large number of lo- 
calized and superficial rules 

It is interesting to note in passing that 
public education in a society seems to be 
withheld until children have mastered mor- 
phology The morphology of English, which 
poses relatively few problems, is largely 
mastered by age 4 or 5 Schoohng begins at 
5 or 6 The morphology of Russian, which 
poses many more problems, is not mastered 
until 7 or 8 Schoohng begins at 7 The in- 
tellectual readiness of children for school ap- 
parently has traditionally been judged by 
mastery of one of the most peripheral parts of 
language 

In keeping with the visibility of mor- 
phology, it is not surprising that when inflec- 
tions are overgeneralized, the phenomenon 
attracts a good deal of attention All parents 
know that children regularize strong verbs 
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( runned , goed, sifted , etc ) and nouns (foots, 
mouses, tooths, etc ) However, the actual 
development of such forms is more complex 
than is usually realized Tracing their history 
is instructive on a number of pomts 

Overgeneralization, Simplification, and the 
Question of Overt Practice. English has a 
number of strong verbs, verbs with nregular 
past tenses There are also nouns with irregu- 
lar plurals Although children long regularize 
these forms — adding -ed to the verbs and -s 
to the nouns — this is not the way they begin 
(Ervin, 1964) Initially, strong verbs appear 
m child speech m the correct irregular form 
— came instead of corned, ran instead of 
runned, and did instead of doed The de- 
velopment of irregulai plurals shows the same 
phenomenon — feet, mice, and teeth appear in 
child speech before foots, mouses, and tooths 
Regularization, when it occurs, is a step for- 
ward 

The explanation of the early appearance of 
such correct irregular verbs and nouns has to 
do with the frequency of these forms m adult 
speech Strong verbs are by far the most fre- 
quent verbs, and strong nouns occur com- 
monly also Children are thus given many op- 
portunities to discover the association of the 
underlying morphemes (past) and (plural) 
to these words, and they make such discover- 
ies early 

But for many irregular verbs and nouns 
each word is a case unto itself, no rule covers 
more than one For others, only 2 or 3 words 
are subject to the same rule (lead-led, read- 
read) 3 Because of the limited scope of the 
strong forms, the weak, or regular, forms re- 
mam untouched when the strong forms 
change A child who only knows how to say 
feet, mice, or oxen may have m mmd plural- 
ity when he says two hox, but he cannot ex- 
press this underlying idea Should it be beex, 
bikes, or, possibly, boxen? Obviously, it is box 

It is general rules that children seek, in- 
deed, they seek the simplest such rules possi- 
ble The evidence is dramatic Ervin (1964) 
searched her records of child speech for the 
first examples of the regular past-tense and 
plural inflections Correct usage of irregular 
forms was already present For verbs she first 
found the regular -ed on these same irregular 

U am indebted to Dan I Slobm for reminding 
me of these cases 


forms! Overgeneralizations apparently oc- 
curred before anything existed m speech to 
generalize form Plural inflections on nouns 
first appeared with weak forms, but very 
shortly thereaftei with the strong forms as 
well 

The finding with verbs, of course, is an 
illusion Strong verbs are frequent in child 
speech, just as in adult speech Accordmgly, 
Ervin had a better chance of observing -ed 
on strong than on weak forms However, the 
superior frequency of strong verbs does not 
influence the force of Ervin's observation 
Children treat strong and weak verbs alike, 
and for this reason they encompass strong 
verbs within the legular past-tense rule as 
soon as it is formulated The same is true of 
plural inflection on nouns The gap between 
the first appearance of -s and its overgenerali- 
zation to irregular forms is bnef, usually only 
a matter of weeks 

Slobm (in press) lefers to such encroach- 
ments of regularity as "inflectional imperial- 
ism” There are no political connotations m 
the fact that inflectional impel lalism is a major 
factor m the acquisition of Russian, it rather 
has to do with language To quote Slobm 

Overregularizations are rampant in the 
child's learning of Russian morphology — small 
wonder, what with the great variety of forms 
withm each category, determined on the bases 
of both phonological and grammatical rela- 
tions For example, not only must the child 
learn an instrumental case ending for mascu- 
line, feminine, and neuter nouns and adjec- 
tives m singular and plural, but withm each 
of these sub- categories there are several dif- 
ferent phonologically conditioned suffixes (not 
to mention zero-endings, morphologically con- 
ditioned suffixes, and other complications) 
The child's solution is to seize upon one suffix 
at first and use it for every instance of that 
particular grammatical category, 

In the evolution of the instrumental inflec- 
tion, Gvozdev's son Zhenya first employed 
-om, the suffix for masculine and neuter nouns 
m the singular Zhenya used -om on all nouns, 
including the feminine nouns that were at 
that time most abundant in his speech The 
corresponding feminine form, -oy, appeared 
only some time later, but when it did, -oy im- 
mediately dominated the original inflection, 
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-om Much later, -om reappeared in Zhenya's 
speech, this time to be used appropriately 
An experiment by Zakhaiova (1958) found 
the same sequence of events m a sample of 
200 childien Such is inflectional imperialism 

Inflectional imperialism in Russian and En- 
glish do not seem at first glance to be the 
same The English regular verbs often invade 
a domam where no rule exists at all, the 
Russian suffix -oy invades where a rule is al- 
leady in force One appears to fill a vacuum, 
whereas the other seems truly imperialistic 
The difference, however, is more apparent 
than real, for on closer examination we can 
see that the two cases demonstrate the same 
phenomenon 

The phenomenon is that children always 
strive to formulate the most general rule pos- 
sible That is what English-speaking children 
do m extending regular inflections to irregular 
forms Instead of having several ways of ex- 
pressing (past) or (plural), they have only 
one for each Russian children do the same 
Both -om and - oy have multiple uses m adult 
Russian, but - om has fewer (two) than -oy 
(five) Russian children thus first select the 
suffix with the fewest uses, as Slobin pomts 
out 

One reason for making such a choice is 
that a rule formulated for the morpheme -om 
can be more easily discovered The morpheme 
- om has fewer exceptional uses than has the 
morpheme - oy Latei, when a child also dis- 
covers that gender is a grammatical category, 
the balance between the two inflections 
changes To mark gender as well as to mark 
the instrumental case, -oy is the inflection 
with greater generality, for it applies to some 
masculine nouns as well as to the large num- 
ber of feminine nouns then m a child's vo- 
cabulary The imperialism of -oy thus results 
from Russian children doing with -oy what 
American children do with -ed, which is to 
follow the rule of larger scope 

Russian- and English-speaking children are 
alike in yet another respect Inflectional im- 
perialism m the acquisition of morphology 
clearly shows that overt practice has little 
influence on linguistic development When we 
observe one form impenalistically driving out 
another, we observe a form that has received 
little or no overt practice displacing another 
that has received a great deal of overt prac- 
tice 


The inflection of regular verbs in the past- 
tense in English was so rare m the speech 
of Ervin's children that -ed first appeared on 
the strong verbs These verbs, in contrast, 
had been used with their correct irregular in- 
flections for months and m large numbers 
Such extensive practice offered no protection 
against the tendency to express the past tense 
in a single rule Since correct irregular forms 
are replaced by incorrect regularizations, it is 
clear that children actually expressed past 
time in the original correct forms The same 
situation exists m the development of Rus- 
sian morphology The masculine suffix -om is 
well practiced but easily and immediately 
displaced by the feminine suffix -oy 
We therefore can draw at least a negative 
conclusion concerning the role of parental 
speech in language acquisition Its role is not 
to provide children with opportunities to prac- 
tice As we shall see later, the acquisition of 
morphology is not different m this respect 
from the acquisition of other transformations 
Imitation One traditional view of language 
acquisition holds that the process is advanced 
through imitation However, there are several 
reasons to doubt that imitation plays a role 
in language acquisition, and it is appropriate 
to consider the question at this point 

But first we must clear up an ambiguity 
The word "mutation” is used in two quite 
different senses, only one of them can be ap- 
plied to language acquisition In one sense, 
"imitation” refeis to a process whereby one 
organism comes to resemble more and more 
closely another The trait on which the re- 
semblance develops must necessarily be 
within broad limits arbitrarily variable — re- 
semblance m height, for example, is not the 
result of imitation Howevei, all sorts of other 
things develop through imitation in this sense, 
etiquette, driving a car on the left side of the 
road in England, typing, writing prose m the 
style of Faulkner — all are included In this 
sense, it is also true that children acquire 
language through imitation 

There is a second, more technical use of 
the word "imitation” details of behavior — for 
example, plural inflections on English nouns 
— are first acquired by copying the behavior 
of a model Such a view of language acquisi- 
tion was presented by Allport (1924), and it 
has appeared m psychology texts ever since, 
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but it is the technical sense of "imitation” that 
is inappropriate for language acquisition 
There is no question that children imitate 
the speech of adults a good deal In the rec- 
ords collected by Brown, fully 10% of chil- 
dren’s speech at 28 to 35 months is imitative, 
as, for example, m such exchanges as the 
following 


Adult 

Oh, thats a big one 
But he was much bigger 
than Perro 
Salad dressing 
That’s not a screw 
Are they all there? 


Child 
big one 

big a Perro 
salad dressing 
dat not a screw 
all dere? 


However, the fact that children imitate the 
speech of adults does not mean that the proc- 
ess of acquisition is imitation It is clear from 
examples given m previous sections that not 
everything m child grammar originates in 
such a fashion It runned , allgone shoe , a that 
man, for instance, have no models m adult 
speech, but they are grammatical within a 
child’s system 

Nonetheless, it is possible that forms are 
first introduced mto a child’s speech through 
imitation As long as grammar is not fully 
developed, a child might produce such ut- 
terances as a that man , and yet still enrich 
his grammar through the imitation of well- 
formed examples In this case, imitations will 
be "advanced” grammatically relative to spon- 
taneous speech 

Ervin (1964) looked mto this possibility 
by comparing children’s naturally occurring 
imitations to their free speech She found that 
the grammatical organization of the imita- 
tions was identical to the organization of the 
free speech Only one child in Ervin’s sample 
of five was an exception, and her imitations 
were more primitive than her spontaneous 
speech For all these children therefore imi- 
tations were not "grammatically progressive,” 
as Ervin put it 

The result reflects a general characteristic 
of child speech There is a strong tendency 
among children to include nothing m the sur- 
face structures of sentences that cannot be 
related to deep structures — nothing for which 
the transformational derivation is not known 
The principle encompasses imitation as well as 
spontaneous speech If a child does not yet 
include the progressive inflection -mg m his 


speech, he also will not imitate -ing m the 
speech of adults, particularly if the adult 
model is long relative to his memory span 
(see Slobm, 1964, McNeill, 1966a) Adam’s 
nose is dripping might be imitated Adam nose 
drip but probably not Adam nose dripping 
It is for this reason that imitation can be used 
as a test of children’s productive capacities, 
and it is for this reason also that childien’s 
early utterances are patterned as deep struc- 
tures Slobm and Welsh’s (1967) stunning 
observation of a child imitating a sentence 
containing a relative clause with two con- 
joined sentences reflects the same principle 
In all cases, childien exclude superficial forms 
when they cannot be related to deep forms 
The resistance of childien to new forms 
sometimes goes to extravagant lengths Con- 
sider, for example, the following exchange 
between one mother and her child (from 
McNeill, 1966a) 

Child Nobody don’t like me 

Mother No, say "nobody likes me ” 

Child Nobody don’t like me 


(eight lepetitions of this dialogue) 


Mother No, now listen carefully, say 
“nobody likes me ” 

Child OhI Nobody don’t likes me 

Although children do not ordinarily behave 
differently when imitating and speaking, it 
is possible to instruct children to imitate, as 
Slobm and Welsh (1967) and Fraser, Brown, 
and Bellugi (1963) have done Under these 
circumstances, a child’s imitations may depart 
from his grammar But instructed imitation 
is not typical of the ordinary circumstances of 
child speech, and phenomena observed here 
cannot be extended to the actual acquisition 
of grammatical structure 
Rather than serve didactic purposes, imi- 
tation often seems to be earned out m play 
It therefore is the opposite of instruction, if 
indeed it has any effect at all rather than 
change his grammatical system a child manip- 
ulates it, often m fantastic ways Take as an 
example one of Brown’s subjects, who, start- 
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mg from an ordinary imitation, elaborated on 
it m an almost fuguelike manner (mentioned 
by Slobm, 1964, also McNeill, 1966a) 

Adult That's the tattooed man 
Child Tooman Tattoo man Find too tat- 
too man Tattoo man Who dat? 
Tattoo Too man go, mommy? Too 
man Tattoo man go? Who dat? 
Read dat Tractor dere Tattoo 
man 

Weir (1962) found many examples of similar 
grammatical play m the presleep soliloquies 
of her 2j4-year-old son The child selected a 
particular paradigm — sometimes grammatical, 
sometimes phonological — and then elaborated 
a stream of examples The following uses a 
syntactic paradigm, it might be considered 
the linguistic equivalent of repeatedly build- 
ing up and knocking down a tower of blocks 

go for glasses 
go for them 
go to the top 
go throw 
go for blouse 
pants 

go for shoes 

We thus arrive at the same negative con- 
clusion as before the role of parental speech 
in language acquisition is not to supply op- 
portunities for children to practice The prac- 
tice of forms already in a child's grammar 
(eg, dug) contributes nothing to the viabil- 
ity of the forms when they come into conflict 
with a child's changmg system, such is the 
case in inflectional imperialism The practice 
of forms not yet m a child's grammar simply 
does not occur, such is the case with imita- 
tion The dominating factor is a child's own 
system of rules The contributions of parental 
speech are always most severely filtered 
through this system 

What, then, of adult speech? To see even 
the beginning of an answer to this question, 
we must examine more closely the acquisi- 
tion of transformations It is here, as noted 
before, that the interaction of a child's lin- 
guistic abilities with his linguistic experience 
takes place 

Negation m the acquisition of English The 
study of how children acquire transforma- 
tional systems has barely begun One would 
like to have detailed observations of a wide 


range of transformational relations, as it is 
only through investigations of such scope that 
our views on the process of acquisition can be 
evaluated However, few transformations have 
been investigated from a developmental pomt 
of view, and even here the investigations are 
mcomplete 

Menyuk (1964a, 1964b, 1964c, 1968, in 
press) has pursued a number of surveys of 
linguistic development They possess the de- 
sired degree of scope — a large variety of 
sentence types being examined — but the re- 
sults are presented m terms of a kind of con- 
trastive analysis, and little can be discovered 
from it about the actual acquisition of trans- 
formations 

More direct analyses of transformations are 
presented by Kkma and Bellugi (1966), 
Brown, Cazden, and Bellugi (1968), and 
Bellugi (1967) These studies are so far con- 
fined to the acquisition of two transforma- 
tional systems — negation and questions — by 
the three Biblically named children in Brown's 
study, Adam, Eve, and Sarah We shall first 
consider the emergence of negation and then 
of questions 

Brown and his colleagues have organized 
their longitudinal records into a series of 
^stages " The stages are not intended to have 
linguistic or psychological significance, al- 
though some of them m fact comcide with 
true junctures in development Instead, stages 
are defined m terms of average utterance 
length, measured m morphemes, and merely 
provide a way of comparing children whose 
rates of development are different Figure 6, 
taken from Brown et al (1968), shows the 
relation between chronological age and mean 
utterance length for the three children of 
Brown's study Roman numerals indicate the 
stages mto which the analysis has been 
divided, the following discussion focuses on 
the first three of these 

At the first stage, coinciding with the ap- 
pearance of pivot constructions, children utter 
such negative sentences as the following 
(Klima and Bellugi, 1966) 

No . wipe finger 
More no 
No a boy bed 
Not , fit 
No singing song 
No the sun shining 



THE DEVELOPMENT OF LANGUAGE 1105 



Age (months) 


Fig 6 Mean utterance length as a function of age in three children ( Brown et al , 1969 ) 


No play that 
Wear mitten no 
Not a teddy bear 
No fall! 

The form of these sentences is fixed, simple, 
and universal They all consist of a negative 
operator (no or not) plus an otherwise af- 
firmative sentence The internal structure of 
the sentence, if any, remains undisturbed by 
the negation — the sun shining , play that, and 
a teddy bear , for example, are all possible 
affirmative sentences The earliest schema for 
negation, then, is Neg + S Since a negative 
operator (no) sometimes appears after sen- 
tences instead of before them, there also is 
the alternative form, S + no 

According to Slobm (1966), Gvozdev's son 
Zhenya also produced negative sentences in 
accordance with these schemas Whereas an 
adult would say nyet mkavo (literally, “not 
no-one”) , Zhenya said nyet kavo, reducing the 
well-formed double negative to the smgle 
negative required by the schema Neg + S 
French children use non or pas m an analo- 


gous fashion ( Gr^goire, 1937), and Japanese 
children do essentially the same thing with nai 
(McNeill and McNeill, 1968) 

Some 2 to 4 months later, depending on the 
child, Klim a and Bellugi found a flowering of 
negative forms Compared to the two simple 
forms of negation of the first period, there are 
now seven distinct types 

I can’t catch you 
We can't talk 

I don't sit on Cromer coffee 

I don't like him 

No pmch me 

No Rusty hat 

Touch the snow no 

This a radiator no 

Don’t bite me yet 

Don't leave me 

That not “O ” that blue 

There no squirrels 

He no bite you 

I no want envelope 

Certain of these sentences are well-formed 
in English — I can't catch you. Others are 
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identical to the negative sentences of the first 
stage — no pinch me The rest are intermedi- 
ate, more complex than the primitive nega- 
tives of the first stage but not yet well-formed 
— he no bite you 

Although some of the sentences of the sec- 
ond period are apparently well-formed, the 
grammar yielding them is not yet the gram- 
mar of adult English In fact, I cant catch 
you and he no bite you have the same basic 
structure for children at this point m develop- 
ment 

In adult English, sentences such as I cant 
catch you possess a deep structure of roughly 
the form Neg -f NP + Aux + VP (Klima, 
1964) A transformation relates the deep 
structure to the surface structure of I cant 
catch you by removing Neg from its location 
at the beginning of the sentence to a position 
behind the modal verb can The process is 
called “Ne g-t r ansp 01 ta tion ” In other sentences 
— I don't like you , for example — there is no 
modal verb m the underlying structure, but a 
second transformation introduces the modal 
do into the surface structure as support for 
negation Thus the meaning of I don't like 
you is really the meaning of I rit like you, 
since do serves merely to support the nega- 
tion of the sentence This process is called 
<c do-s upport ” 

The only well-formed sentences listed 
among the child examples given above were 
sentences of these two types If children in- 
deed utter well-formed sentences m such 
cases, transformations for Neg-transportation 
and do- support must be involved However, 
there is no indication in the second stage of 
development that do-support exists, although 
a precursor of Neg-transportation might al- 
ready be established 

The auxiliaries can and do appear only in 
the context of Neg at this stage There are no 
affirmative sentences such as I can do it, can 1 
have it ?, or do you think so? Children in- 
stead say I do it, I have it?, and you think 30 ?, 
all without the modal verbs do and can Klima 
and Bellugi represent the fact that do and can 
are restricted to negation by including in the 
children's grammar a constituent they call the 
negative auxiliary (Aux ne $) Aux ne ® in turn 
eventually leads to dorit and can't as two 
lexical items Aux ne * can be regarded as an 
undifferentiated amalgam of negation and 
"auxiliary verbness * Its two components will 


not be distinguished until some months later 
Klima and Bellugi set down the following 
rules for the second stage 

The constituent Neg appears m that no -fish 
school, he no bite you, and other sentences of 
this type 

Since Aux nG £ appears immediately after the 
subject NP of a sentence and immediately 
before the mam verb, negation is already po- 
sitioned appropriately, so Neg-transportation 
is not necessary to produce surface structures 
of the type observed Moreover, since there 
is no evidence for modal verbs existing in- 
dependently of negation, a transformation for 
do- support is likewise not necessary to obtam 
the surface structures of the second stage By 
Klima and Bellugi’s analysis, then, such sen- 
tences as I don't like you and he no bite you 
are fundamentally alike Neither includes a 
modal verb, both include the constituent 
Aux ne s, and the transformations for Neg-trans- 
portation and do-support are not involved 
Clearly therefore the well-formedness of I 
don't like you and 1 can't catch you is illusory 

There is another interpretation of sentences 
like he no bite you Such sentences include 
internal negation and m this respect differ 
from the more primitive sentences observed m 
the first stage of development such as no the 
sun shining One innovation occurring between 
the first and second stages of development may 
therefore be the appearance of Neg-transpor- 
tation If we accept this interpretation the 
consequence for Klima and Bellugi's grammar 
is merely to reverse the order of elements 
assumed to underlie negative sentences In- 
stead of NP + Aux neff + VP, as in Klima and 
Bellugi, it becomes Aux ne s + NP + VP, with 
the constituent Aux ne & being developed as be- 
fore, 

Neg-transportation now applies to every 
sentence, including I cant catch you One ad- 
vantage of this interpretation is that it leaves 
room for the negatives — such as no pinch me 
and no . Rusty hat — that appeared in the 



THE DEVELOPMENT OF LANGUAGE 1107 


second stage but seem to be relics of the first 
In Kluna and Bellugi's analysis, they are truly 
relics, coming from an earlier and urnnte- 
grated system In the alternative analysis they 
are identical to the underlying form of all 
negative sentences m the second stage, except 


that they have no subjects — still a common 
omission of children's sentences at this time 
Consider, as examples, the three pharse 
markers below The first is the deep structure 
of 1 cant catch you , the second of he no bite 
you , and the third of no pinch me 


Aux neg NP VP 

/ \ 

V NP 


can’t 


catch 


you 



Aux neg 


no 



VP 


/ \ 

V NP 

I I 

pinch me 


The transformation for IVeg-transportation 
at the second stage is 

Aux neg + NP NP + Aux neg 
This transformation must apply to the first 
two phrase markers above, as they meet the 
condition of the transformation, 1 can’t catch 
you and he no bite you result However, the 
transformation cannot apply to the third 
phrase marker, since it has no NP after Aux neg , 
the sentence remains no pinch me According 
to the alternative interpretation, therefore, 
such sentences as no pinch me are untrans- 
formed deep structures 

Notice that the well-formedness of I don’t 
like you and I can’t catch you is illusory m 
the alternative analysis as well as in Klima 
and Bellugi's analysis The basic kinship of 
these sentences to he no bite you remains 
undisturbed by assuming the existence of a 
transformation 

Two to six months later, again depending 
on the child, sentences of the following types 
occur 

Paul can t have one 
This cant stick 
I didn't did it 

You don't want some supper 

Donna won’t let go 

No, it isn't 

I am not a doctor 

This not ice cream 

They not hot 

I not crying 

He not taking the walls down 

Don't kick my box 

Don’t touch the fish 

Ask me if I not make mistake 

I not hurt him 


There are a few new developments m the 
third stage, though apparently not so many 
as m the second, however, as is often the case 
in child language, superficial changes are not 
a valid guide to changes taking place m a 
child's underlymg system Grammar can de- 
velop "silently ” Whereas the five new forms 
of the second stage resulted from changes (m 
Klima and Bellugi's analysis) of little scope, 
the negative sentences of the third stage come 
from a grammatical system that has been 
fundamentally altered there are now auxiliary 
verbs, a transformation for do- support is now 
present, and, in Klima and Bellugi’s analysis 
as well as in the alternative analysis pre- 
viously given, there is a transformation for 
Neg-transportation 

A basic development is the first appear- 
ance of the English system of auxiliary verbs 
* Unlike the second stage, there are now af- 
firmative sentences with modal verbs, as m I 
can do it and can I have it? Negation is 
therefore no longer tied to the auxiliary, as m 
the second stage, for the constituent Aux neg 
has been differentiated mto its negative and 
auxiliary components Since do and Neg co- 
exist m the surface structure but are not 
united m the deep structure, a transformation 
for do-support becomes necessary to derive 
such sentences as 1 don’t like you The con- 
tinuity of surface forms between the second 
and third stages masks a basic discontinuity in 
the grammar One indication of the discon- 
tinuity is that sentences based on the schema 
Neg + S no longer appear, the schema has 
been made abstract by the changes of the 
third stage 

The development of the auxiliary system is 
very rapid and pervasive during the third 
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stage It is as if the auxiliary, once freed from 
negation, flowed m to fill all the available 
space m a child’s grammar As Bellugi ( 1967) , 
who has studied these developments closely, 
puts it 

The change suggests a carefully prepared 
complex system which is beginning to be set 
in and intricately hooked up to the children’s 
previous language systems If the change 
were not so widespread, and occurred over a 
long penod of time in many little separate 
aspects, nothing would be surprising in this 
development It is the fact that much of 
the apparatus comes in in a relatively short 
penod of time and appears in a variety of 
structures that surpnses us (p 90) 

Table 7 gives some impression of the pace 
of these changes In it are shown the number 
of times that one child, Eve, used modal 
verbs m several different grammatical con- 
texts in three successive samples of her 
speech, the samples were collected over a 
period of iy 2 months Along with a growth 
m numbers is a growth m variety — more and 
more modal verbs appear with more and more 
mam verbs, tenses of verbs, subjects, etc 

Negation in English is a complex system 
Klima’s (1964) analysis, for example, in- 
cludes almost two dozen phiase-structural 
and an equal number of transformational 
rules The sketch presented here — including 
as it does only three phrase-structural and 
two transformational rules — is clearly highly 
selective and incomplete Bellugi (1967) goes 
somewhat farther, but detailed understanding 
of the entire system is far from being at hand, 
as already noted, the work has only begun 

Two other aspects of children’s negation 
should be mentioned, however Both illus- 
trate the autonomous and inventive character 
of child grammar and its indirect dependence 
on the speech of adults 


Table 7 The Use of Modal Verbs by One Child 


Context 

Age (months) 

26 5 

27 

27 5 

Affirmative 

8 

20 

27 

Negative 

6 

12 

14 

Yes-No question — 

4 

12 


From Bellugi, 1967 


One has to do the rather special corner of 
the English negative system that controls such 
verbs as think , believe, anticipate, expect, and 
want All have the unique property that when 
m sentences with embedded object comple- 
ments, either these verbs or the verb of the 
complement may be negated, and meanmg 
does not change (Lakoff, 1966) Compare, 
for example, the following quartet of sen- 
tences, the first pair of which mcludes a verb 
open to this option, and the second pair of 
which does not 

1 I think that he won’t come on time 

2 I don’t think that he will come on tune 

3 I know that he won’t come on time 

4 I don’t know that he will come on time 

Sentences (1) and (2) mean the same thing, 
whereas (3) and (4) do not 

For the small set of verbs admitting such 
moveable negation, Bellugi counted the num- 
ber of times each option was employed in the 
speech of the parents of Adam and Sarah 
(Eve’s records contained no example of such 
embeddings ) The verbs most often used were 
think and want, and m all utterances except 
one, negation fell on the matrix sentence I 
don't think that he will come m time was 
more frequent by a large margin than was 
1 think that he won't come on time Such is 
the linguistic evidence given to Adam and 
Sarah 

However, in the children’s own speech, pre- 
cisely the opposite arrangement dommated 
This was the case even though negation ap- 
peared elsewhere in matrix sentences at this 
stage — as in I don't know that The following 
is an exhaustive list 

He thinks he doesn’t have nothing 
I think it’s not fulled up to the top 
He thinks he doesn’t have to finish it 
I think we don’t have a top 
I think he don’t like us no more 
I think I can’t find white 
I think I don’t better cut it 
I think I don’t know what it is 
I think I don’t 

The explanation of the difference between 
what children do and what is presented to 
them is simple Verbs such as think and want 
are exceptions to the general rules of negation 
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in English Unexceptionable verbs are not 
open to the option of moveable negation m 
this way Children, if they have worked out 
the general rules of negation but not yet the 
exceptions, will treat think as any other verb 
(so that negation of the matrix verb is re- 
served for the improbable situation where a 
child is not engaged m thought and he is 
talking about it) They will do so even though 
they are contradicted by the evidence of 
parental speech, We have again an indica- 
tion of the inviolability of children’s gram- 
mar and the strong filtering effect it exerts on 
the speech of adults 

Another phenomenon m the acquisition of 
negation similarly reveals the autonomy of 
grammar, m this case that children’s grammar 
is autonomous when it changes just as when 
it does not In English, adults say affirma- 
tively, I want some supper , and at an early 
pomt m development children do the same 
(Bellugi, 1964) To negate such utterances, 
adults may either say I want no supper or 1 
don’t want any supper Children at first use 
neither of these forms, but say I don’t want 
some supper After a few months, however, 
the grammar changes, and denial takes the 
form of double negation, as in I don’t want 
no supper It is only after many months that 
children say I don’t want any supper Thus 
the order of appearance of pronouns m nega- 
tive sentences is some-no-any Other pronouns 
built on these forms — for example, something , 
no one, anybody — behave m the same way 

Sentences with some, such as I don’t want 
some supper, occur at the second stage of 
negation described above, and result from the 
insertion of don’t as an Aux ne s into such af- 
firmative sentences as I want some supper A 
child receives no examples of this process m 
the speech of adults, it is an autonomous 
consequence of his own grammar The double 
negatives of the next stage are even more 
interesting The middle-class parents of chil- 
dren who say I don’t want no supper do not 
themselves use double negatives, mdeed, Caz- 
den (1965) found some indication that chil- 
dren exposed to a double-negative dialect 
differ both from middle-class children and 
from the dialect to which they are exposed 
Middle-class parents, far from providmg ex- 
amples of double negatives, would tend to 
correct such utterances with one or another 
of the well-formed forms of denial 


Bellugi (1967) interprets the double nega- 
tives of the third stage as "negative coloring” 
— a kmd of emphatic denial — although it is 
unclear of what negative coloring consists, ex- 
cept a tendency to use double (and some- 
times triple) negatives It is also unclear why 
there is not "affirmative coloring” in cases of 
emphatic assertion, if mdeed emphasis has 
anything to do with double negation Al- 
though negative coloring might play a role in 
the double negatives of the third stage, it 
seems also that they are a natural development 
of the form of negation in the second stage, 
for some speculations along this line, see 
McNeill (m press) 

The exclusive schema for negation m the 
first stage is Neg + S or S + no In the sec- 
ond stage, sentences adhering to these 
schemas contmue to appear but they are no 
longer the exclusive means of negation In 
the third stage, negation based on these 
simple schemas disappears completely As 
was pointed out earlier, these schemas also 
appear m the acquisition of French, Russian, 
and Japanese, at least It is possible therefore 
that they are the universal starting points for 
negation 

Let us propose that a fundamental ability 
for negation, from which all children build, al- 
lows children to deny a proposition by affix- 
ing to it something like a minus sign If this 
is actually the case, all children would com- 
mence their linguistic careers with one or 
another of the two schemas mentioned before, 
and all languages would have sentence-ex- 
ternal negation as the deep structure of nega- 
tive sentences The suggestion is identical to 
a remark made by Gregoire m 1937 (p 169, 
quoted by Braine, in press) “ pas devance [la 
phrase] & la fagon d un sign algebnque qui 
I’annule ” 

From such a beginning, children develop m 
two general directions On the one hand, the 
semantics of negation evolves from its primi- 
tive starting point, whatever that may be, to a 
level where distinctions are drawn between 
such different forms of negation as, for ex- 
ample, no (I don’t want it), no (it is untrue ) , 
and no (it is not here) On the other hand, 
children must discover the syntax of negation 
of their local language — a process traced in 
part for English in the preceding pages 

Let us briefly consider semantics, Bellugi 
(1967) reports an impression that the mean- 
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ing of negation develops quickly In the first 
stage of development, negation seemed, dif- 
fusely to mean refusal, rejection, or displea- 
sure By the second stage, however, a number 
of examples appeared where a child clearly 
negated the content of a previous proposition 

Adult Daddy's getting old, huh? 

Child No, I get old 

Adult That's your valentine 

Child No, Becky valentine 

McNeill and McNeill (1968) found a simi- 
lar sequence m a study of the development of 
negation m Japanese children An initial in- 
coherent period, where denial seemed to 
depend on the absence of an object, was fol- 
lowed within a few months by the emergence 
of a smgle semantic contrast between the 
denial of the truth of propositions and the 
denial of the existence of objects or events — 
that is, by the form of negation also observed 
by Bellugi McNeill and McNeill (1968) 
found that negation in the sense of rejection 
or refusal did not appear until some months 
later 

When a child says, for example, no , Becky 
valentine , he denies the truth of an intrinsic 
predicate — that the valentine is Beckys If, as 
previously claimed, intrinsic predicates are 
the first form of predication to appear in child 


language, the initial meaning of the "alge- 
braic minus sign" must be the negation of 
such predicates Only later, when extrinsic 
predication also becomes available, will chil- 
dien negate the existence of thmgs or events 
The first distinction drawn m the semantics of 
negation therefore will be between the demal 
of truth and the denial of existence 
McNeill and McNeill (1968) analyzed the 
semantic system of Japanese negation into 
three such contrasts, and then traced the 
emergence of each It is conceivable that the 
same system applies to English negation also, 
and that children learning English acquire the 
system in a similar way 

Figure 7 shows the Japanese arrangement 
The contrast between "Truth" and Existence” 
refers to the negation of intrinsic and extrinsic 
predicates, respectively The contrast between 
"Entailment” and “Nonent ailment” refers to 
the diffeience between, for example, no, that's 
an apple, not a pear and no, that's not a pear 
Both deny the truth of an intrinsic predicate 
(as in that's a pear), but in no, that's an 
apple, not a pear, the denial of one predicate 
"entails” the contrastmg truth of another 
( that's an apple) The examples above from 
Bellugi (1967) apparently are of the entail- 
ment type A final contrast, between "Inter- 
nal” and "External,” refers to the difference 
between denial on internal grounds (eg, I 


Entailment 



nya 

No, it is 


Truth 


Existence 


Internal >- External 


Fig. 7. The organization of negation m Japanese, Negative terms in Japanese and English are lo- 
cated at the appropriate comers The English examples are merely representative of each contrast 
No, it is a pear (and not an apple), versus no, tt isn't a pear, versus no, it didn't happen that a pear 
was thrown through the window, versus no, I don't want a pear (McNeill and McNeill, 1928) 
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don't want it to happen) and denial on ex- 
ternal grounds (eg, it didn't happen) 

As already mentioned, the Japanese chil- 
dren studied by McNeill and McNeill (1968) 
developed first the contrast between Truth 
and Existence A few months later, they 
began to honor also the contrast between 
Internal and External Before this time their 
expression of refusal took weirdly dogmatic 
form the Japanese expression for “I don’t 
want” (iya) was not used m situations where 
refusal was evidently intended (as m ieply 
to “Let’s do x”), but instead there appeared 
the expression for “it doesn’t exist” (nai, an 
adjective) Thus, exchanges like the following 
occurred “Let’s give your sister some of your 
ice cream” — “It doesn’t exist” The children 
expressed a lack of willingness with a term 
already known to express a lack of existence, 
clearly, the distinction between Internal and 
External did not yet matter Finally, after 
several more months, the contrast between 
Entailment and Nonentailment appeared 

The entire structure represented m Fig 7 
emerged withm a period of 4 to 6 months 
Although it may be true that semantic de- 
velopment is generally slower than is syn- 
tactic development, that is not the case with 
negation Accepting Bellugi’s examples at face 
value, entailment-nonentailment appears in 
the language of American children when 
negation is still fused syntactically with the 
auxiliary system, and a number of months 
before the transformations of neg-transporta- 
tion and do-support make their first appear- 
ance 

The Development of Questions Questions 
at the outset are simple m the extreme, and 
m this respect are like negation Rising in- 
tonation, or the use of one of a few Wh-words, 
is the only interrogative device Nonetheless, 
even very young children distinguish be- 
tween yes-np and Wh-questions — asking, for 
example, both see hole ? and what doing? 

The following account will concentrate on 
the development of Wh-questions and, within 
this limit, will concentrate on the second and 
third stages of development defined by 
Biown et al, (1968), The first stage com- 
prises essentially the simple system just de- 
scribed 

In the second stage children ask Wh- 
questions of the following lands 


Where my mitten? 

What me think? 

What the dollie have? 

Why you smiling? 

Why not he eat? 

Why not me can’t dance? 

A clue as to the structure of such questions 
lies m the fact that m every case except one 
deleting the Wh-word (or why not in the 
case of negative questions) leaves a “gram- 
matical” sentence as a residue My mitten , 
me think, you smiling, he eat, and me cant 
dance are all possible declarative sentences 
m the second stage, the only exception is the 
dollie have, which lacks an NP-object In 
general therefore, Wh-questions are formed 
simply by usmg a Wh-word to begin a de- 
clarative sentence, the sentence otherwise 
bemg left undisturbed 

Questions askmg why and why not are not 
different from other Wh-questions, although 
the distnbution of the former pair is more 
restricted Why not itself seems to be a sin- 
gle Wh-word possessing negative import, not 
a construction made up of why and negation 
as separate parts More significantly, both 
why and why not tend to be lestncted to 
discourse exchanges m which the declarative 
part of the question comes from a previous 
utterance of an adult and the Wh part comes 
from the child Table 8 presents some ex- 
amples from the speech of Adam and his 
mother (Brown et al , 1968) The other 
Wh-words available to children m the second 
stage of development do not depend on such 
discourse exchanges McNeill (1963) found 
a discourse restriction similar to the restric- 
tion of why and why not m children’s use of 
personal pronouns — in its first occurrences 
the fiist-person, pronoun, I, always followed 
adult sentences with you 

It is clear from Table 8 that Adam’s rule 
for deciding between why not and why is 
to choose the former when his mother’s sen- 
tence is negative and the latter when it is 
affirmative However, it is difficult to say 
what semantic constraints exist for Adam’s 
why and why not questions He wants to 
know, for example, why you see seal ?, why 
me bend that game?, and why not me care- 
ful? Such questions suggest that although 
Adam probably seeks an explanation when 
he asks why or why not, his conception of 
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Table 8 The Restriction of Why and Why Not Questions by Discourse 
Mother 


Adam 

Why he play little tune? 

Why you see seal? 

Why me bent that game? 

Why she want to? 

Why it’ s resting now? 

Why not you looking right placed 
Why me not careful? 

Why not me can’t dance? 

Why not me break that one? 


He was playing a little tune 
I see a seal 
You bent that game 
Well, because she wanted to 
I think it’s resting now 
I guess I’m not looking in the right place 
Because you weren’t careful 
I don’t see any 

You’re going to have to buy another one 
and give it to Ursula because you’re 
breaking that one 

From Brown, Cazden, and Bellugi, 1968 

an explanation is remote from an adult’s It 
would be surprising, of course, if it were 
otherwise Piaget (1924) long ago demon- 
strated that children are unable to conceive 
of true explanations at Adam’s age Nonethe- 
less, the possibility of explaining things — as 
opposed to knowing what counts as an ex- 
planation — apparently exists early m develop- 
ment 

Wh-questions in the third stage reveal a 
number of interesting features Some exam- 
ples from Klima and Bellugi (1966) are the 
following 

Where small trailer he should pull? 
Where the other Joe will drive? 

What he can ride in? 

What did you doed? 

Why he don’t know how to pretend? 
Why the kitty can’t stand up? 

How he can be a doctor? 

How they can’t talk? 

The third stage, it will be recalled, is 
marked by a general emergence of the En- 
glish auxiliary system, and this development 
is much m evidence m the Wh-questions 
children ask However, children do not use 
auxiliary verbs in quite the English manner 
They ask, for example, what he can nde in? 
or why he don't know how to pretend? An 
adult would put these questions differently 
what can he ride m? or why doesn't he know 
how to pretend? Both the child and adult 
versions have a Wh-word in the initial posi- 
tion of the sentence, but the child version 
does not invert the order of auxiliary verbs 
and subjects Children do not invert the order 
of subject and auxiliary m Wh-questions 


even thqugh they do invert these same ele- 
ments m yes-no questions Along with what 
he can nde in? children also say can he nde 
m it? 

Brown et al (1968) take the different 
treatment of Wh- and yes-no questions to 
mean that children perform just one major 
transformation per question, even though 
they have more than one appropriate trans- 
formation available In yes-no questions, only 
mversion of subject and auxiliary is required, 
and it is performed However, m Wh-ques- 
tions, both inversion and a transformation 
called “preposing” are required, and children 
perform only the latter 

Preposmg refers to one of the transforma- 
tions m Klima’s (1964) and Katz and Postal’s 
(1964) grammar for Wh-questions In this 
analysis, the derivation of a Wh-question be- 
gins with a deep structure that contains, m 
effect, a blank for the constituent being ques- 
tioned The deep structure of what can dino- 
saurs eat ? for example, is roughly dinosaurs 
can eat A, where A stands for the NP about 
which information is sought One relation 
between the deep structure dinosaurs can 
eat A and the surface structure what can 
dinosaurs eat? is therefore preposmg A, the 
result of which is A dinosaurs can eat , mor- 
phophonemic rules then convert A to what 
A second relation between the deep and sur- 
face structures of what can dinosaurs eat? 
is inversion of can and dinosaurs 

Since children say what dinosaurs can eat ? 
in the third stage of development, it appears 
that they do not perform the second trans- 
formation when they perform the first What 
dinosaurs can eat? is an example of what 
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Brown et al call a “hypothetical interme- 
diate” — a structure defined by the grammar 
of adult English only at an intermediate 
stage of denvation 

The account of Brown et al assumes that 
the transformations correspond to actual op- 
erations m the production of sentences, it is 
because of such correspondences that psy- 
chological complexity is reduced by elim- 
inating transformations Some might object to 
this assumption (see Fodor and Garrett, 
1966, 1967) Nonetheless, evidence from a 
number of experiments with adult subjects 
shows that transformations do indeed con- 
tribute to the psychological complexity of 
some sentences, at least where the transfor- 
mation is associated with a change m meaning, 
although it is far from cleai how such effects 
are brought about (eg, Miller and McKean, 
1964, McMahon, 1963, Gough, 1965, Mehler, 
1963, Slobm, 1966c, Savin, and Perchonock, 
1965) It is possible, though not yet dem- 
onstrated, that a similar relation between 
psychological and linguistic complexity holds 
for small children 

However, there is a problem of a different 
kind Children always eliminate the same 
transformation Children never say, for ex- 
ample, can he ride m what P or will the other 
Joe drive where? — questions m which sub- 
ject-auxiliary inversion has occurred but pro- 
posing has not If children actually reduce 
complexity by eliminating one of two gen- 
erally available transformations, it would 
seem that both types of Wh-questions must 
occur m a large sample of utterances 

One way to explain the presence of what 
he can nde m and the absence of can he nde 
m what ? is to assume that the undeilymg 
form of the Wh-questions of the third stage 
is not yet the adult form — m particular, that 
the vacant constituent A is not m the object 
position of sentences In that case there 
would be nothing to prepose, and a transfor- 
mation for preposmg would not exist As m 
the second stage, Wh-words in the third stage 
would instead be added to the beginning of 
sentences and therefore invariably appear 
there What -f he can nde tn is a possible 
question under this arrangement, whereas 
can he nde m -j- what is not 

However, this suggestion also encounters a 
difficulty If different Wh-words are intro- 
duced at the beginning of sentences, it is 


puzzling that such questions aie semantically 
appropriate The Wh-questions of the third 
stage are semantically appropriate, however, 
a fact that demonstiates an association of Wh- 
words with particulai sentence-constituents 
and (in contrast to the consistent omission 
of subject-auxiliary inversion) suggests the 
existence of a preposing transformation The 
contradiction only deepens when we recall 
that the Wh-questions of the second stage, 
when even Brown et al agree that Wh-words 
are introduced at the beginning of sentences, 
also are semantically appropriate 

How could appropriate Wh-questions be 
derived, if not by preposing? Pei haps the con- 
tradictory indications just mentioned can be 
resolved through a more careful scrutiny of 
the status children give to questions Khma 
and Bellugi (1966) list the following answers 
of childien to Wh-questions asked by adults 
All are from the second stage 


Adult 

What d you need? 

Child 

Need some chocolate 

Adult 

Who aie you peeking at? 

Child 

Peeking at Ursula 

Adult 

Who were you playing with? 

Child 

Robin 

Adult 

What d’you hear? 

Child 

Hear a duck 


Every question is answered appropriately 
from a semantic point of view However, in 
every example except one, the child’s answei 
is a full VP mstead of the NP customary m 
English A semantically appropriate reply ap- 
pears in an unusual syntactic setting, one 
which makes clear that what and who are not 
associated with NP alone 
Let us suppose that what has as part of 
its lexical entry a feature such as [+ common 
noun], that who has [+ proper noun], and 
that why has both [4- common noun] and 
[+ proper noun] as two options Whenever 
one of these Wh-words is heard m an adult 
question, nouns of the specified type are 
given in reply Let us also suppose that each 
Wh-word is understood as a kind of intro- 
ductory word for an entire sentence, and not 
as a replacement of a constituent of a sen- 
tence as m adult grammar Then a child’s 
answer to an adult Wh-question will be a 
sentence that contains an N of a type spec- 
ified by the Wh-word, it will not be a noun 
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or verb phrase Moreover, a child’s own Wh- 
questions will be declarative sentences with 
Wh-words before them Children with such 
a grammar can ask semantically appropriate 
Wh-questions and not have to prepose Wh- 
words while domg so 

The facts almost fit this explanation As 
expected, a child’s own Wh-questions m the 
second and third stages are generally sen- 
tences with Wh-words before them, it is for 
this reason that subject-auxiliary inversion 
does not occur m Wh-questions But the ex- 
planation also leads us to expect that a child’s 
answers to adult Wh-questions are sentences, 
whereas the answers actually given m the 
second stage are VPs 

However, there is a natural explanation of 
the VPs of the second stage A child answers 
an adult Wh-question with a sentence that 
includes the material specified by the Wh- 
word, but he omits the redundant subject of 
the sentence Omittmg redundant subjects, of 
course, is a common occurrence in sentences 
with mtnnsic predicates, especially when the 
subject makes first-person reference The 
omitted subjects m the child (answers given 
above are all the pronoun I 

In the third stage of development, children 
answer adult Wh-questions with NPs, as is 
customary in English (Brown et al , 1968) 
Doing so, however, contradicts the tendency 
of children at the same stage to ask Wh- 
questions by placmg a Wh-word before a 
sentence There is no process in child speech, 
corresponding to the omission of subjects, 
which systematically reduces complete sen- 
tences to NPs However, such contradictions 
are not peculiar to Wh-questions As has 
been widely noted, children often compre- 
hend syntactic forms before they produce 
them (eg, Fraser, Bellugi, and Brown, 1963, 
Lovell and Dixon, 1965) , and such apparently 
is the case here 

The third stage of development is transi- 
tional Children understand Wh-words in the 
speech of adults as repiesentmg particular 
constituents, but children do not yet produce 
Wh-questions this way McNeill (1966a) of- 
fers some speculation on the cause of the 
gap between the production and comprehen- 
sion of speech — essentially, that the con- 
straints of memory are less m comprehension 
than in production 


The Role of Adult Speech 

One major interaction that takes place be- 
tween a child’s linguistic abilities and his 
linguistic experiences is localized in the ac- 
quisition of transformations A large part of 
the problem of understanding language learn- 
ing is precisely the problem of understanding 
how this step is taken In this, the final section 
on syntax, we shall consider what can be said 
of the process of transformational develop- 
ment 

Imitation Imitation has already been men- 
tioned but can be considered again m the 
present context There is no reason m prin- 
ciple why imitation cannot be used as a 
strategy for discoveung tiansformations By 
imitating the surface forms of adult sentences, 
children can pair well-formed surface struc- 
tures with deep stiuctures of their own de- 
vising, and so notice how the two are related 
Situational cues might suggest particular 
deep structures, so the method need not pro- 
ceed blindly However, the potential useful- 
ness of imitation is confronted by another 
principle, which, in actual practice, dom- 
inates it Children systematically convert adult 
sentences mto forms allowed m their own 
grammatical system The consequence is that 
even though deep and suiface structures are 
paired through imitation, the only structures 
paired m this manner are ones related by 
rules already known Apparently children 
always assimilate adult models mto their own 
grammars, imitation thus plays no role in the 
acquisition of new transformations 

Expansions and “Prompts” One way to 
avoid the problem of assimilation is to place 
the burden of introducing new surface forms 
on adults In that case, assimilation to child 
grammar cannot occur Brown et al (1968) 
discuss two situations that have such an 
effect, one they call “expansion” and the 
other “prompting” The effectiveness of the 
first is open to dispute and the usefulness of 
the second is so far unknown, but both at 
least illustrate some of the possibilities that 
exist* 

An expansion is an imitation m reverse An 
adult, imitating a child’s telegraphic sentence, 
typically adds to the child’s sentence the 
parts he judges the child to have omitted 
The result is an expansion There is always 
a number of possibilities available as expan- 



THE DEVELOPMENT OF LANGUAGE 1115 


sions, and an adult will choose the one that 
he believes best expresses the child’s in- 
tended meaning That mommy hairband, for 
example, could be expanded in many direc- 
tions — that’s mommy’s hairband, that was 
mommy’s hairband until you dismantled it, 
that looks like mommy’s hairband, etc Usu- 
ally one sentence will best fit the extralm- 
guistic situation, and that sentence becomes 
the expansion 

An expansion that fits both a child’s utter- 
ance and the extrahnguistic situation can 
reveal one or more transformations Further, if 
the child’s meaning is correctly guessed from 
the extrahnguistic situation, the expansion 
presents a surface structure that expresses the 
deep structure the child has m mind The 
expansion is necessarily experienced by the 
child m contiguity with his intended meaning, 
and it is effective when the child notices the 
way the two are related In this case, there 
is no intrusion of a child’s tendency to assim- 
ilate adult speech to his own grammar 

Cazden (1965) looked into the effective- 
ness of expanding child speech by deliber- 
ately increasing the number of expansions 
given to a group of children The children 
were years old, from working-class homes, 
spent each weekday m a nursery school, and 
received m the normal course of events few 
expansions either at school or at home In 
Cazden’s experiment every child spent J4 
hour a day, 5 days a week, looking at picture 
books with an adult who systematically ex- 
panded everything the child said At the 
beginning and at the end of the experiment, 
3 months later, the children were given a 
specially devised test of linguistic perfor- 
mance (covering, for example, NP and VP 
complexity and the imitation of various syn- 
tactic forms) 

These expansion children were compared 
to two other groups of children, taken from 
the same nursery school, who received in one 
case what Cazden called “models,” and in the 
other case no special treatment at all “Mod- 
elling” was commenting Everything said by 
a child in the modelling group was com- 
mented upon rather than improved upon 
through expansion If, for example, a child 
said doggie bite, an expansion might be yes, 
he’s biting, whereas a model might be yes, 
he’s very mad Children m the modelling 


group also spent yi hour a day, 5 days a 
week, looking at picture books with an adult 

The results were clear-cut Relative to the 
group of children who received no special 
treatment, there was a modest gam in lin- 
guistic performance among the children who 
received expansions, and a large gam among 
the children who received models Cazden 
interpreted her results by pointing to a dif- 
ference m the variety of syntactic and lexical 
forms required for expanding as compared to 
modelling child speech In expansion an adult 
is closely led by a child — he must use the 
child’s words and something like the child’s 
syntax The opposite is typically true of mod- 
elling — he must avoid the child’s words and 
often his syntax Apparently therefore con- 
straint by a child’s own utterances is not 
beneficial to linguistic development However, 
it is this very fact that piesumably makes 
expansion advantageous, clearly, if Cazden is 
right, the theory of expansion is wrong 

Cazden’s experiment shows beyond doubt 
that modelling benefits linguistic develop- 
ment However, it is less clear what it shows 
of the relative benefits of expanding The 
rate of expansion of the speech recorded of 
middle-class children is about 30% One can 
ask why this rate is not higher — say 50 or 
70% There must be many reasons why the 
rate of expansion stabilizes where it does, but 
one reason is particularly significant not 
everything said by a child has an unambig- 
uous meaning in the extralmguistic context, 
and m such ambiguous circumstances adults 
tend not to expand 

In Cazden’s experiment, on the other hand, 
the rate of expansion was 100%, by design 
Aside from the possibility that young chil- 
dren might not pay attention to many expan- 
sions m the face of an avalanche of expansions 
(Brown et al , 1968), some utterances in 
Cazden’s experiment must have been inap- 
propriately expanded In such cases a child 
could formulate a “transformation” that does 
not belong in English — for example, one that 
relates the meaning of “that’s mommy’s hair- 
band” to the surface structure of that looks 
like mommy’s hairband If such misinterpre- 
tations took place, the poor showing of ex- 
pansion m Cazden’s experiment is to be 
expected even on the excessively strong as- 
sumption that expansions are decisive in the 



11X6 DAVID MCNEILL 


acquisition of transformations The question 
of the effectiveness of expansion therefore 
remains open 

Brown et al (1968) have recently 
looked at the matter m another way, and 
again obtained negative results However, 
once agam counterarguments can be offered 
m defense of expansion As noted before, 
Brown et al calibrate the linguistic develop- 
ment of their subjects against the mean 
length of utterances, rather than, as usual, 
against chronological age When the calibra- 
tion is done against utterance length, the 
rate of advancement of the three subjects m 
Brown’s study is (m declining order) Sarah, 
Adam, and Eve When the calibration is 
agamst chronological age, the order is Eve, 
Adam, and Sarah These orders of develop- 
ment can be compared to the order of ex- 
pansion by the children’s parents In this case 
it is Adam, Eve, and Sarah In other words, 
Sarah, who is most advanced relative to ut- 
terance length, received the fewest expan- 
sions 

However, one can dispute the choice of 
baseline by Brown et al At any given utter- 
ance length, the least advanced child. Eve, 
used fewer modal verbs, inflections, preposi- 
tions, articles, and other superficial sentence- 
forms than did Sarah, the most advanced 
child Length for Eve was increased with 
content words — nouns, verbs, and adjectives 
Thus Sarah’s speech was syntactically more 
like adult English at any given length but 
Eve’s was more informative, as Brown et al 
pomt out Sarah might have said that’s 
mommy’s hairband, a well-formed sentence 
five morphemes long, whereas Eve might 
have said, semigrammatically, but with the 
same length, that mommy broken hairband 
there 

Cazden (1967) concludes from the differ- 
ences between Eve and Sarah that Eve’s in- 
tellectual development was greater than 
Sarah’s A difference between Eve and Sarah 
in intellectual level may well exist, and com- 
parisons of children on syntactic complexity 
relative to mean utterance length is one ap- 
propriate way of demonstrating such a fact — 
at every point, Eve had more to say but Sarah 
said it better Such comparisons, however, do 
not bear on the alleged role of expansions 
This role is to facilitate the acquisition of 
transformations A child who receives more 


expansions has more opportunities to observe 
relations between deep and surface structure 
and therefore can formulate relations sooner 
An appropriate baseline agamst which to 
measure this effect is chronological age And 
relative to chronological age Eve’s linguistic 
development is far in advance of Sarah’s 

The role, or lack of role, of expansion in 
linguistic development is thus open to dispute 
The one experiment done on the phenomenon 
has an ambiguous outcome The evidence of 
recorded adult and child speech can be in- 
terpreted m diametrically opposite ways, de- 
pending on the baseline of comparison 

"Prompting” is discussed by Brown et al 
as a possible training vanable, but its effec- 
tiveness is yet to be investigated As noted 
earlier, one transformation m the derivation 
of Wh-questions in English is a preposing of 
A to the head of a sentence Dinosaurs can 
eat A becomes A dinosaurs can eat In a 
"prompt” something very much like preposing 
is demonstrated to a child 

A prompt begins with a Wh-question from 
an adult — what did you eat? If a child does 
not answer, the question may be repeated in 
a different form — you ate what? The second 
version differs from the first m several re- 
spects, one bemg that preposing has not oc- 
curred If a child understands the second 
question, and so has in mind the deep struc- 
ture you eat A, he is m a position to observe 
the relation of this deep structure to the sur- 
face structure of what did you eat? The re- 
lation is preposing, and for a child who has 
not formulated the transformation, a "prompt” 
may provide an occasion to do so Brown 
et al note that children usually answer non- 
preposed questions, so prompting is at least 
potentially effective m revealing preposing to 
a child 

Brown et al describe a third parent-child 
exchange, "echoing,” which also can be men- 
tioned although it probably does not provide 
an opportunity for children to learn a trans- 
formation An "echo” begins when a child’s 
utterance is m part unintelligible — for ex- 
ample, I ate the gowish. An adult may then 
echo the child but replace the unintelligible 
part with a Wh-word — you ate the what? The 
form of the adult question is the same as in 
prompting However, even if a child under- 
stands the adult question he could not dis- 
cover proposing, for that relation is nowhere 
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revealed The only relations available in an 
echo are, on the one hand, between the deep 
structure you ate A and the surface structure 
of you ate the what ? and, on the other hand, 
between you ate A and the surface structure 
of I ate the gowish If a child recovers the 
deep structure of you ate the what?, he al- 
ready understands that relation, if he notices 
the relation between you ate A and I ate the 
gowish, he observes the relation of a question 
to an answer Echoing might tell a child 
something about answering questions there- 
fore, but it cannot teach him about preposmg 
Echomg might also help a child discover 
what m his own utterance belongs to a single 
sentence-constituent (Brown et al , 1968), 
the what of you ate what?, for example, re- 
places an NP m the child’s sentence, the 
where of you got it where? replaces a locative 
adverbial, etc 

A General Condition for Learning Trans- 
formations. Both expansions and prompting 
have in common an ability to demonstrate 
transfprmational relations, echoes, on the 
other hand, do not have such an ability There 
are no doubt other exchanges between parents 
and children that reveal transformations, and 
it is helpful in the search for such exchanges 
to isolate the condition that all must meet 
In order for a child to observe a transforma- 
tional relation not yet part of his linguistic 
competence, he must have in mind the deep 
structure of a sentence obtained from the 
speech of someone else, a structure that can 
only be m a child’s mind must coexist with 
another structure that can only be m the 
speech of an adult, Expansions, prompts, and 
imitation meet this demand, but echoes, talk- 
ing to oneself, rote practice, and many utter- 
ances simply overheard by children do not 
(McNeill, m press) The effect is to reduce 
even further the effective size of the corpus 
on which all language acquisition is based 

Such situations as expansion or imitation, 
which potentially combine a child’s deep 
structure and an adult’s surface structure, 
may not, of course, result in the discovery of 
transformations In the case of imitation dis- 
covery is systematically blocked by a con- 
tradictory tendency to imitate in terms of a 
child’s own grammar The usefulness of ex- 
pansions and prompts, while not systemat- 
ically blocked, depends on a child actually 
noticing that both a deep and surface struc- 


ture are available Children may not always 
do this 

Languages differ hugely in their surface 
structures, they also differ hugely in the trans- 
formations that relate surface structures to 
deep structures However, there is a small 
number of universal transformational relations 
One transformation discussed m the Appendix 
permutes the order of verbs and affixes in 
developmg an auxiliary verb The relation of 
permutation is universal Besides permu- 
tation, the addition of elements ( as m 
the English passive) and the deletion 
of elements ( as in the English impera- 
tive) are universal transformational rela- 
tions So is the requirement that deletions 
from the deep structure be recoverable (forc- 
ing, e g , English relative clauses to be made 
up of constituent and matrix sentences with 
identical NPs, see Appendix) There may be 
a few other relations universal in scope, but 
their total number probably is less than the 
number of fingers 

Universal transformations may play a cru- 
cial role in language acquisition, for it is 
possible that they describe relations to which 
young children are innately predisposed In- 
deed, that would be at least one reason why 
they are universal 

If indeed the acquisition of transformations 
proceeds through the formulation and re- 
finement of hypotheses, the hypotheses ap- 
parently take the most general form possible. 
Children are not cautious theoreticians They 
do not, for example, attempt to find an in- 
tegrating principle that covers two or three 
local observations, to which they add the re- 
sults of other small theories devised elsewhere 
— that is, they do not follow the model of a 
systems engineer They are more like theolo- 
gians m this respect, as their goal is to find 
hypotheses with the largest possible scope 
and the fewest possible exceptions The con- 
sequences are visible throughout language ac- 
quisition — m inflectional imperialism, m the 
differentiation of grammatical classes, m ne- 
gation, and in Wh-questions 

It is possible that the systematization car- 
ried out by children can itself be described 
in terms of a regular principle The so-called 
simplicity metric of linguistic theory (eg, 
Halle, 1964b; Katz, 1966) is designed to 
select the simplest grammar that fits both the 
rest of linguistic theory and the intuitions of 
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native speakers Children, in extending lin- 
guistic hypotheses to cover different cases, 
may act in a manner described by such a 
simplicity metric 

It is worth considermg the possiblity that 
children cannot avoid formulating hypoth- 
eses about language Given any kind of lin- 
guistic experience, children very quickly de- 
velop rules that cover the experience A few 
instances of an NP and a VP becoming a 
sentence may lead to the hypothesis that all 
sentences are NP-VP constructions The tre- 
mendous generality of children’s first gram- 
mars suggests the existence of such a phe- 
nomenon throughout language acquisition 
Generalizations appear immediately What 
requires time and further experience is the 
modification of these generalizations Lan- 
guage acquisition thus appears to be the op- 
posite of concept formation, where strategies 
for organizing information lead to the dis- 
covery of rules (Bruner, Goodnow, and Aus- 
tin, 1956) Indeed it is different from most 
forms of learning studied by psychologists 
The starting-pomt of grammar is more or 
less the same for all children, a good deal of 
space in the preceding pages has been de- 
voted to describing this initial condition Be- 
ing universal, child grammar is not the gram- 
mar of any language, but is instead something 
that can become the grammar of any language 
through a process of formulating and modi- 
fying linguistic hypotheses 

In so evolving, language for a child moves 
from a maximally diffuse to a maximally ar- 
ticulated state It starts with an intimate and 
extremely general relation between sound 
and meaning, it progresses from there to a 
less intimate and general relation mediated 
by deep structures, eventually it arrives at 
the complex and systematic relation between 
sound and meaning that comprises a trans- 
formational grammar Such is the sequence of 
events that has been traced in these pages 
The events described in the preceding sec- 
tions of this chapter take place for the most 
part before age At one point it was 
thought that all of syntax was acquired by 
this age (McNeill, 1966a, Slobin, 1966a) 
However, it is now dear that some aspects 
of syntax are not acquired until much later, 
and for some speakers certain details of gram- 
mar may never be acquired 
C S Chomsky (1968) has reported a num- 


ber of interesting observations bearing on 
these questions She was interested in how 
children older than 5 understand sentences 
that depart from what she calls the “mini- 
mum distance principle” (MDP) The MDP 
is a general characteristic of English predi- 
cate complements, a type of embeddmg John 
required Mary to he an enthusiast, for ex- 
ample, is a predicate complement to which 
the MDP applies In such sentences the sub- 
ject (Mary) of the complement (to be an 
enthusiast) is the first NP to the left This 
rule is the MDP, and it applies to the vast 
majority of English sentences However, there 
are a few exceptions In John promised Mary 
to be an enthusiast , the MDP does not apply, 
for the subject of the complement is John — 
the second NP to the left Promise is one of 
a small number of exceptional English verbs 
where the MDP is required not to apply An- 
other such verb is ask Compare I asked Mary 
what to do about the enthusiast to I told 
Mary what to do about the enthusiast In the 
second the subject of do is Mary , as required 
by the MDP, but m the first it is I 
Sentences with promise or ask are more 
complex than sentences with know or tell To 
understand them a child must not only be 
able to recognize that the complement has a 
hidden subject but also that the subject is — 
in contradiction to a general rule — the first 
NP of the mam clause Inasmuch as children 
stnve to formulate general rules we would 
expect them to apply the MDP before they 
discover the exceptions to the MDP When 
instructed to "ask Mary what to feed the 
doll” a child who knows the MDP but not 
that ask is an exception should say something 
like what are you going to feed the doll? 
Similarly, if asked who will do the feeding 
m John promised Mary to feed the doll, a 
child who knows the MDP but not that prom- 
ise is an exception should say Mary Such 
confusions are exactly what Chomsky found 
The course of acquisition is interesting In 
the case of promise all children above 5 know 
about the MDP Some as young as 5 also 
know that promise is an exception to the 
MDP, whereas others as old as 10 do not, 
There seems to be no age at which all chil- 
dren discover that promise requires the MDP 
to be violated A similar history exists for 
ask Again there is no age at which all chil- 
dren acquire full knowledge of how to use 
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the verb Some as young as 5 never make 
mistakes, others as old as 10 always make 
mistakes The situation with ask, however, is 
more complicated than with promise, because 
at first children interpret ask as tell In re- 
sponse to the instruction "ask Mary what to 
put in the box” a child may tell Mary what 
to put m the box — a doll, for instance In 
this case the MDP is applied, but because 
the child has interpreted ask as tell there is 
no reason it should not apply Only later do 
children actually ask a question when in- 
structed in this way, and then it is possible 
to observe mcorrect applications of the MDP 
— “what are you going to put in the box?” 

The scattered acquisition of promise and 
ask stands m sharp contrast to the acquisition 
of a third grammatical feature In sentences 
such as after he got the candy Mickey left 
and Mickey thinks he knows everything, the 
pronoun he is ambiguous — it could be 
“Mickey” or it could be someone else Pro- 
nouns generally have ambiguous referents in 
English sentences However, when the pro- 
noun appears m a mam clause and the main 
clause precedes a NP there is no ambiguity 
— the pronoun must refer to some other NP 
In he found out that Mickey won the race, 
for mstance, he cannot be “Mickey ” Chom- 
sky studied the acquisition of this “non- 
ldentity” rule for pronouns (a study of pro- 
nomial ambiguity has been carried out by 
Chai, 1967, who found children of 10 unable 
to resolve ambiguous usages) Like promise 
and ask, the nonidentity rule is an exception 
to a general case Unlike the verbs, however, 
the absence of ambiguity of the pronoun is 
itself the result of a grammatical rule Prom- 
ise and ask are exceptional words, pronouns 
m clauses before NPs are parts of exceptional 
structures In contrast to the scattered acqui- 
sition of promise and ask, Chomsky found a 
discontinuity in the acquisition of the non- 
identity rule All children were m possession 
of it by age 5j 4, and none were m possession 
of it before The difference m acquisition 
probably has something to do with the dif- 
ference in the underlying grammatical situa- 
tion Rules might be acquired at uniform 
ages, whereas lexical information is not 

SEMANTICS 

Semantic development is at once the most 
pervasive and the least understood aspect of 


language acquisition It is pervasive because 
the emergence of a semantic component in 
a child’s grammar has repercussions in wide 
areas of cognition beyond language itself It 
is little understood because there has as yet 
been little guidance from linguistic theory 
on what to expect However, theories of 
semantics are currently under active develop- 
ment, and matters in this quarter may soon 
improve (see Katz and Fodor, 1963, Katz 
and Postal, 1964, Katz, 1966, 1967, Wem- 
reich, 1963, 1966) 

The level of sophistication m the study of 
semantic development is not comparable to 
the level in other aspects of linguistic de- 
velopment It differs from syntax, where by 
now several investigations of language ac- 
quisition have been earned out under the 
general, if not the specific influence of con- 
temporary linguistic theory And it is dia- 
metrically opposite from the situation in 
phonology m semantics there are huge quan- 
tities of data, but no theory to say which 
are relevant, in phonology there aie almost 
no data, but there is a theory to say what 
relevant data would be like m the event they 
should be collected 

The treatment of semantics that follows 
will concentrate on a few topics — the de- 
velopment of semantic “features,” semantic 
influences on syntax, the association of seman- 
tics with action, and the exchange of infor- 
mation among children The topics have been 
chosen in part because of their general in- 
terest and m part because they bear on cer- 
tain theoretical issues, 

Studies mainly of a statistical or normative 
nature are not included Such studies mostly 
have to do with childrens word associations 
(eg, diVesta, 1964a, 1964b, Riegal, 1965b, 
Riegel, and Feldman, 1967, Riegel and Zivian, 
1967), and childrens ratings on the semantic 
differential (eg, diVesta, 1966c, diVesta and 
Dick, 1966, Rice and diVesta, 1965) Ex- 
tensive norms of children’s free word asso- 
ciations have been published recently by 
Entwisle (1966), and of childrens restricted 
associations by Riegel (1965a) DiVesta 
(1966a) has published norms of children’s 
semantic differential ratings 

Also omitted are studies of children’s cog- 
nitive development, including those that deal 
with the role of language The reader should 
consult other chapters m this book for re- 
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views of this work See also Bruner, Olver, 
and Greenfield (1966) for a summary of 
recent research on the topic 

For summaries of work on vocabulary de- 
velopment and the development of reference, 
see previous editions of this book, Brown 
(1958), and, from a special point of view, 
Werner and Kaplan (1951) 

Semantic Features 

It is clear that children have some kind 
of semantic system at a very early point in 
linguistic development 

Children at first use words holophrastically 
One way of viewing this phenomenon is to 
conceive of the earliest semantic system as 
consisting of a dictionary in which words are 
paired with sentence-interpretations Each 
interpretation embodies a particular predica- 
tive relation, each word is paired with several 
interpretations A holophrastic dictionary of 
this kind is burdensome for a child's memory 
and susceptible to ambiguity The ambiguity 
can be reduced by the creation of a new 
dictionary in which words are paired with 
smgle sentence-interpretations However, 
such a one-to-one dictionary is even more 
burdensome on memory, as each word must 
be entered several times, and it too must be 
abandoned The ultimate solution is a word 
dictionary, A word dictionary has the same 
effect as a sentence dictionary, but not the 
same bulk (Miller, personal communication) 
Both these hypothetical transitions effects 
a reworking of a child's semantic system Of 
the two, however, the second is by far the 
most significant, and it is from the point of 
the first construction of a word dictionary 
that we can date the rudiments of a system 
basically similar to adult semantic competence 
(see Katz and Fodor, 1963) In chang- 
ing from a holophrastic to a sentence dic- 
tionary, a child continues to store undifferen- 
tiated semantic information, the definition of 
one sentence is not related to the definition 
of any other In changing from a sentence 
dictionary to a word dictionary, on the other 
hand, a fundamental modification is intro- 
duced m the format of the dictionary entries 
themselves A child begins to elaborate a 
system of semantic features, and sentences 
come to be interrelated through semantic 
rules for using dictionary entries 

The evidence is that the accretion of se- 


mantic information, in contrast to the acquisi- 
tion of syntactic information, is a slow proc- 
ess not completed until well into school age 
It is the development of a word dictionary 
that is emphasized in this section 

A child’s first effort to compile a word 
dictionary presumably does not occur earlier 
than his use of base-structure rules m the 
construction of sentences It is difficult to 
conceive of a word dictionary that does not 
receive input from some sort of syntactic 
component, without such input, a word dic- 
tionary would result m a loss of power to 
encode sentence meanmg If one cause of the 
transition to a word dictionary is a need to 
retain sentence meaning while reducing the 
load of a sentence dictionary on memory, 
compilation of a word dictionary ought not 
to begin before the first sign of a base-struc- 
ture grammar, at about 18 months This sets 
a lower bound on the beginning of a true 
semantic component of grammar 

Settmg an upper bound is more difficult 
Children could continue to use a sentence 
dictionary after becoming able to construct 
grammatically orgamzed sentences Each con- 
struction would be referred to the dictionary 
to learn its meaning However, such an effort 
must end when the variety of sentences be- 
comes at all large, as when transformation 
rules come to be used A sentence dictionary 
coupled with transformations requires storing 
the same sentence-meaning m many places, 
once for each tranformation of the same deep 
structure The result would be a large in- 
crease in the size of the dictionary On the 
other hand, transformations can lead to a 
reduction m dictionary size if the dictionary 
is a word dictionary A word dictionary there- 
fore is favored (m two ways) by the devel- 
opment of transformations, so we can set an 
upper bound for the first compilation of a 
word dictionary at the time transformations 
appear m abundance, at about 28 to 30 
months 

We can only guess how the compilation of 
a word dictionary is earned out A simple 
assumption is that semantic features are se- 
quentially added to dictionary entnes Such 
an assumption is no doubt incorrect in its 
simplest form It ignores, for example, the 
possibility that features are related to one 
another, and so may enter a dictionary to- 
gether (Katz, 1966) Nonetheless, a sequen- 
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tial accretion of semantic features is plausible 
as an initial hypothesis 

Consider a purely hypothetical example 
An entry for the word flower would have to 
include at least the following a syntactic 
feature [common noun], several semantic 
features, perhaps (physical object) (living) 
(small) (plant), plus certain selection re- 
strictions An adult dictionary contains more 
than four semantic features for flower , but 
the ones given are a minimum set The as- 
sumption that dictionary entries are built up 
sequentially means that the semantic fea- 
tures (physical object), (living), (small), 
(plant) are added one at a time, though not 
necessarily m the order listed 

The addition of each feature is an event 
with widespread consequences By definition, 
semantic featuies appear m more than one 
dictionary entry, m some cases — the feature 
(small), for example — a feature appears m a 
great many dictionary entries Each new se- 
mantic featuie is a distinction that separates 
one class of words from another, a fact that 
may contribute to the appaiently slow man- 
ner m which such additions to a dictionary 
take place 

If the compilation of dictionary entries is 
sequential, words can be part of a child's 
vocabulary but have semantic properties dif- 
ferent from the same words m the vocabulary 
of an older child or adult Semantic develop- 
ment in this case consists of completing the 
dictionary entries of words already acquired, 
as well as the acquisition of new words Sim- 
ple vocabulary counts miss this mternal as- 
pect of semantic development entirely, and 
in this respect give a misleading picture of 
linguistic advancement 

Semantic Anomaly One consequence of 
the sequential enrichment of a word dic- 
tionary is that sentences regarded as anom- 
alous by adults and older children will be 
regarded as acceptable by younger children 
Every dictionary entry contains a set of "sel- 
ection restrictions” (Katz and Fodor, 1963), 
which set forth information about a word's 
allowable contexts The selection restrictions 
of a word consist of those semantic markers 
that can appear as context for the word A 
semantic marker in one of the senses of crane , 
for example, matches the selection restrictions 
of construction , so we can have construction 
crane , However, none of the semantic markers 


of construction crane matches the selection 
restrictions of the predicate laid an egg , so 
we avoid as anomalous the construction crane 
laid an egg , even though we accept the crane 
laid an egg 

A child who lacks knowledge of some se- 
mantic features of a word will accept gram- 
matical combinations that an adult, with a 
fuller dictionary entry, marks as anomalous 
A child accepts anomalous combinations 
when the features and selection restrictions 
responsible for the anomaly are missing from 
his dictionary If we think m terms of dis- 
tribution classes — that is, m terms of words 
that can appear m the same contexts — we can 
say that a child has distribution classes wider 
in scope than those possible for an adult The 
result of adding semantic markers is a nar- 
rowing of distribution classes and an increased 
tendency to reject as anomalous once ac- 
cepted word-combinations 

Miller and Isard (1963) performed an ex- 
periment m which adult subjects listened to 
three different kmds of verbal strings through 
a masking noise The strings were fully gram- 
matical sentences ( the academic lecture at - 
traded a limited audience ), or anomalous 
sentences ( the academic liquid became an 
odorless audience), or scrambled strmgs 
(liquid the an became audience odorless ac- 
ademic) A subject's task was to shadow the 
strmgs as they were heard Since a masking 
noise randomly obliteiated parts of the acous- 
tic signal, the performance of a subject de- 
pended on an ability to fill m the obliterated 
parts by guessing on the basis of what was 
actually heard the structure of each string 

At several noise levels. Miller and Isard's 
subjects shadowed fully grammatical strmgs 
most accurately, anomalous strings next most 
accurately, and scrambled strmgs least accu- 
rately The difference between grammatical 
and anomalous strings reflects an ability to 
exploit the semantic restrictions on word 
combinations, whereas the difference between 
anomalous and scrambled strings reflects an 
ability to exploit syntactic restrictions, 

What should we expect of children m this 
experiment? If a child lacks some semantic 
features, he will be less able than an adult to 
guess the words of a fully grammatical sen- 
tence partly obliterated by noise. If both a 
child and an adult heard ate the cheese ? 
an adult might guess that the subject of the 
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sentence was mouse, but a child might guess 
tiger What of anomalous sentences? In this 
case adults and children should not differ, as 
the presence or absence of semantic features 
in a dictionary is irrelevant to the reconstruc- 
tion of sentences where semantic features and 
selection restrictions do not match m the first 
place 

Thus, to the degree that a child lacks 
knowledge of semantic features, performance 
on fully grammatical and anomalous sen- 
tences should be the same McNeill (1965) 
repeated Miller and Isard’s experiment with 
children 5, 6, 7, and 8 years old The proce- 
dure was identical to Miller and Isard’s m all 
respects except that McNeill used less exotic 
vocabulary and that the task was immediate 
recall Children of 5 take so long to respond 
when shadowing that the test was converted 
automatically into immediate recall 

The results are summarized in Fig 8, 
which shows the percent of complete strings 
correctly recalled by children of different 
ages (The percent of content words cor- 
rectly recalled shows essentially the same 
result, although the data are less regular ) 
The conclusion to be drawn from Fig 8 is 
clear 5-year-olds are less able than 8-year- 



Fig. 8, Percentage of strings correcdy recalled 
by children 5, 6, 7, and 8 years old (McNeill, 
1965) 


olds to take advantage of semantic consistency 
in sentences Accurately guessing the obliter- 
ated parts of sentences depends on the sen- 
tences bemg constructed m accordance with 
semantic principles available to the guesser, 
5-year-olds evidently depart from the seman- 
tic rules of English Since a lack of semantic 
markers does not affect the accuracy of guess- 
ing the obliterated parts of anomalous sen- 
tences, performance with such sentences 
changes very little between ages 5 and 8, as 
can be seen in Fig 8 

A third curve in Fig 8 summarizes the 
performance of children with scrambled 
strings Accuracy m this case is parallel to, 
but always worse than, accuracy with anom- 
alous strings The difference suggests that the 
ability of children to exploit the syntactic 
information contained m anomalous strings 
does not change between 5 and 8, a fact con- 
sistent with the slow development of dic- 
tionary entries relative to the rapid develop- 
ment of syntax 

In general, one can conclude from this 
experiment that children of 5 find fully gram- 
matical sentences only shghtly superior to 
anomalous sentences It apparently makes lit- 
tle difference whether one says to a child 
wild Indians shoot running buffaloes or wild 
elevators shoot ticking restaurants The sen- 
tences are equally remarkable 

The experiment just described revealed a 
tendency for children to reconstruct anom- 
alous and fully grammatical sentences m the 
same (inappropriate) way Poor performance 
m this case was presumably a matter of poor 
perception Turner and Rommetveit (in press) 
have in addition observed anomalous sen- 
tences in the linguistic productions of chil- 
dren — for instance, the tractor drives the 
farmer , the pony tides the girl , and the branch 
carries the bird These sentences were not 
uttered in play or fantasy, they were mis- 
taken but serious descriptions of pictured 
scenes — a farmer driving a tractor, a girl 
riding a pony, and a bird resting on a branch 

The word associations of children also show 
the effects of incomplete dictionary entries 
If stimulus and response are regarded as po- 
tentially forming a grammatical unit in word 
association, children's responses often make 
syntactically possible but semantically anom- 
alous combinations with their stimuli Soft- 
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wall, bnght-rake, and fast-shout are ad]ec- 
tive-noun combinations given m association 
by 6- and 7-year-olds, and all are anomalous 
Adults rarely if ever respond in this way 
Word associations may be divided into two 
general categories according to the grammati- 
cal relation of the stimulus and response If 
the response belongs to a different gram- 
matical class from the stimulus, the associa- 
tion is called "syntagmatic'' (Ervin, 1961) 
or "heterogeneous” (Brown and Berko, 1960) 
If the response is m the same grammatical 
class, it is called "paradigmatic” (Ervin, 
1961) or ‘homogeneous” (Brown and Berko, 
I960) Both Ervm (1961) and Brown and 
Berko (1960) noted that young children re- 
spond mostly with syntagmatic associations, 
whereas older children and adults respond 
mostly with paradigmatic associations The 
change from a predominance of one response 
to a predominance of the other takes place 
between 6 and 8 years — the same ages at 
which children come to distinguish anomalous 
and fully grammatical sentences m the ex- 
periment by McNeill (1965) 

The coincidence of ages suggests that the 
shift to paradigmatic responding occurs be- 
cause of semantic, not syntactic, consolida- 
tion McNeill (1965, 1966d) offered a view 
of how the shift is accomplished on semantic 
grounds — essentially, that early "syntag- 
matic” responses are often actually paiadig- 
matic, but fall outside the grammatical class 
of the stimulus because of the breadth of the 
semantic categories available to young chil- 
dren Entwisle (1966) has found some sup- 
port for this account m her extensive data on 
children's word associations Anderson and 
Beh (1968), while agreeing that the par- 
adigmatic shift results from some kind of 
semantic consolidation at 7 or 8, argue in- 
stead that syntagmatic associations reflect a 
basically different and less efficient principle 
of organization of a child's lexicon than do 
paradigmatic associations White (1965) has 
argued that there is a massive change in the 
intellectual abilities of children at this age, 
which affects language and cognition alike 
Why is Semantic Development so Slow 9 
We have reviewed some evidence for the 
slow, possibly sequential development of dic- 
tionary entries Word association and the re- 
call of sentences both indicate that children 


continue to compile dictionary entries as late 
as age 8, at least Semantic development thus 
stands in contrast to syntactic development, 
which appears to be complete in many le- 
spects by 4 or 5 

Why is there such a difference? There 
must be numerous reasons, and we can barely 
guess at them Nevertheless, a few possibili- 
ties come to mind One certainly is the com- 
plexity of the information that is encoded in 
a dictionary Another is that developments in 
a child's lexicon, far more than developments 
in syntax, depend on achieving a certain level 
of intellectual maturity A child capable of 
saying of 20 wooden beads, 15 white and 5 
green, that white beads outnumber wooden 
beads is also likely to say Lassie’s not an 
animal , she’s a dog Presumably it is with 
reference to semantic development that Pia- 
get (1967) comments, " [intellectual] 
opeiations dn*ect language acquisitions rather 
than vice versa ” 

A third reason for the slow course of se- 
mantic development must have to do with 
the abstiactness of semantic features There 
is nothing in the superficial form of sen- 
tences capable even of hinting at underlying 
semantic regularities Unlike syntactic ab- 
stractions, which are systematically related to 
surface structure by means of transformations, 
the semantic relations between surface and 
deep structure are unsystematic No general 
relation holds between the phonemic form of 
school or uncle or space ship and the mean- 
ing of these words It is one measure, per- 
haps, of how little insight we have into the 
acquisition of word meaning that it should 
thus seem impossible 

Occasionally, one hears the hypothesis that 
children acquire semantic knowledge from 
explicit definition A parent may say the zebra 
is an animal, from which a child may acquire 
the semantic feature (animal) Perhaps the 
slow advance of semantic development is a 
result of a dependence on definitions, unlike 
syntax, adults may have to provide explicit 
instruction m semantics 

This argument is fallacious and is so for a 
simple reason The sentence the zebra is an 
animal may indeed serve to introduce the 
marker (animal) into a new point m a child's 
dictionary, but it cannot affect his basic se- 
mantic competance, Explicit definitions may 



1124 DAVID MCNEILL 


work to expand vocabulary, but they are ir- 
relevant to the problem that has been con- 
sidered m this section — the addition of se- 
mantic features to a dictionary In order for 
the sentence the zebra is an animal to in- 
fluence the dictionary entry for zebra, the 
feature (animal) must aheady be m the dic- 
tionary entry for the word animal If it were 
not, the sentence the zebra is an animal 
would be without effect on a child's dictio- 
nary But if animal contains the feature ( ani- 
mal), then obviously (animal) is already 
acquired, and the defining sentence merely 
locates it in a new entry Explicit definitions 
are not the vehicle for enlargement of a 
child's stock of semantic features 

Not all semantic development is slow The 
emergence of various semantic distinctions m 
negation has already been mentioned They 
apparently are fully developed by children of 
years Greenfield (1967) has made a sim- 
ilar analysis of the infant term dada, tracing 
the development of its meanmg in the speech 
of her 11-month old daughter The relevant 
semantic distinctions (eg, male veisus fe- 
male, caretaker versus noncaietaker) had all 
appeared by the first birthday! 

It is clear that only some aspects of se- 
mantic organization develop slowly Negation 
and the idea of a parent emerge very early 
So must many other semantic distinctions 
Yet 5-year-olds fail to distinguish anomalous 
from fully grammatical sentences in McNeill's 
(1965) experiment and they describe a pic- 
ture of a girl on a pony as the pony rides the 
girl in Turner and Rommetveit’s (in press) 
experiment It is a fair measure of our under- 
standing of semantics that we cannot say how 
the last two examples differ from the first 
two 

A Method for Discovering Semantic Fea- 
tures One major obstacle faced m the study 
of semantic development is a sweeping ignor- 
ance of the semantic features of English Very 
few features have been isolated, and the pro- 
cedure for discovering them is difficult and 
slow (see Katz, 1964, for an example) 

Recently Miller (1967) has devised a 
method, based on word-sorting and cluster- 
analysis, which yields categories of words not 
unlike the categories defined by the semantic 
features of linguistics The method requires 
subjects to classify large samples of neces- 
sarily written words into self-imposed groups, 



Fig 9 Cluster analysis of some English nouns, 
data from adults (Miller, 1967) 

and cannot therefore be used with young 
children However, the results of the method 
with adult subjects can be used to organize 
such observations of children as aze available 
For example, Miller (1967) found that as 
nouns yield , exhaust, battle, kill, deal, play, 
labor, pke, question, vow, counsel, and help 
fall into the clusters pictured m Fig 9 Each 
node m the tree represented in Fig 9 is 
taken to represent a particular semantic fea- 
ture every word beneath a node possesses 
that feature, words elsewhere do not Al- 
though one cannot obtain such structures 
from young children, it is possible to see if 
children honor the distinctions recovered from 
adults Do children distinguish, for example, 
between the clown told a pke and the clown 
told a battle ? If they do, we infer that chil- 
dren are acquainted at least with the seman- 
tic features defining the two large clusters 
containing pke and battle We can also ask 
about the narrower distinction between pke 
and help Do children distinguish, for ex- 
ample, between pkes make everybody laugh 
and help makes everybody laugh P The 
method is suggestive and deserves exploration 
Semantic Influences on Syntax. Slobm 
(1963, 1966) performed an experiment with 
children of 5, 7, 9, and 11 years, m which 
the truth of sentences was judged against 
pictured scenes A picture might show, for 
example, a dog in pursuit of a cat A true sen- 
tence describing this picture is the dog chases 
the cat, and a false sentence is the cat chases 
the dog Slobm presented such true and false 
descriptions m several syntactical forms, using 
the familiar transformations of negation and 
passivization to produce variants For the 
picture of a dog chasing a cat the following 
sentences aie available 
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True 

The dog is chasmg the cat 

The cat is being chased by the dog 

The cat is not chasing the dog 

The dog is not being chased by the cat 

One variable in the experiment therefore 
was syntactic — simple declarative sentences 
were compared to negative sentences, passive 
sentences, and negative-passive sentences An- 
other variable was the truth or falsity of the 
description A third variable was semantic 
content 

Actually two semantic factors are involved 
One is negation, and it in turn appears m two 
forms Each sentence, being a description of 
a picture, invokes negation m the sense called 
"Existence" by McNeill and McNeill (1968) 
Also, a subject m judgmg the truth or falsity 
of a sentence must react — affirmatively or 
negatively — to the dimension called "Truth" 
by McNeill and McNeill The two varieties of 
negation were therefore invoked at different 
pomts m the experiment Slobm found neg- 
ative sentences to be more difficult than af- 
firmative sentences — a result also found by 
Wason (1965) Slobm also found judgments 
of false to be more difficult than judgments of 
true when sentences were affirmative, but to 
be easiei than judgments of true when sen- 
tences were negative The interaction of af- 
firmation and truth reveals a general difficulty 
in combmmg affirmation and denial Slobm's 
task was relatively easy both when affirmative 
judgments of truth (m the sense of McNeill 
and McNeill) were made of sentences that 
were affirmative on existence, and when neg- 
ative judgments of truth were made of sen- 
tences that were negative on existence, but 
the task was difficult whenever affirmation 
and negation had to be combined, either as 
an affirmation of truth for a negation of exis- 
tence, or as a negation of truth for an affirma- 
tion of existence 

The second semantic consideration is some- 
thing Slobm called "reversibility " A picture 
of a dog chasmg a cat is reversible Cats can 
chase dogs as well as vice versa Deciding 
whether a sentence is true or false with re- 
spect to such a picture depends on deciding 
which word — cat or dog — is the grammatical 
subject and which the object, and then match- 
ing this grammatical analysis to the episode 
shown in the picture The difficulty of the 


False 

The cat is chasmg the dog 

The dog is being chased by the cat 

The dog is not chasmg the cat 

The cat is not bemg chased by the dog 

comparison should be increased when the 
superficial and underlying subject and object 
are not the same — as in passive sentences 
Thus Slobm expected, and found, that judg- 
ments of truth or falsity were less accurate 
and took longer with passive than with active 
sentences 

The problem of verification is simplified, 
however, with pictures of a second type, 
called "nonreversible” by Slobm An example 
of a nonreversible picture is a girl on a pony 
If a child understands that girl is the under- 
lying object of the passive sentence the girl is 
being ridden by the pony , he can correctly 
judge that the sentence is false without match- 
ing the sentence to the picture The semantic 
constraint simplifies verification by making 
a judgment possible on internal semantic 
grounds Slobm found nonreversible passives 
to be judged as accurately and rapidly as 
nonreversible actives This result held true 
of children at every age studied by Slobm 
Thus two semantic effects — negation and 
reversibility — influence children's ability to 
verify sentences Negation, although less com- 
plex syntactically than passivization, retards 
verification more it is the semantic and not 
the syntactic effect of negation that domin- 
ates Nonreversibility has even greater impact 
than negation, for it removes every vestige of 
passivization as a source of difficulty m veri- 
fication 

Turner and Rommetveit (m press) report 
a similar result with reversible and nonre- 
versible pictures They required children to 
describe pictures as well as to judge the truth 
or falsity of sentences about pictures In pro- 
duction, as previously noted, children often 
reverse the order of subject and object — say, 
the pony ndes the girl The gams produced 
by nonreversibility for comprehension thus do 
not seem to extend to production at the ages 
studied (4 to 9 years) Describing a picture 
of a girl on a pony with the sentence the 
pony ndes the girl is equivalent to saying that 
the girl is being ndden by the pony is true 
But children who commit the first error do 
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not commit the second in Turner and Rom- 
metveit’s experiment 

Recent work by Bever, Mehler, and Vaban 
(1967) claiifies the role played by reversi- 
bility m these experiments Bever, Mehler, 
and Valian’s subjects were very young 2 to 

4 years, compared to 5 to 11 years in Slobm’s 
experiment The difference m age makes for 
an impoitant and surpusmg difference in 
outcome Bever et al found that the semantic 
constraint of nonreversibility does not help 
performance at all at 3 years, even though 
children this young can comprehend some 
passive sentences more than half the time 
By 4 years, however, children’s compiehen- 
sion of reversible passive sentences begms to 
deteriorate and their comprehension of non- 
reversible passive sentences conespondmgly 
begins to improve Children begin at 4 yeais 
to perform as m Slobm’s and Tumei and 
Rommetveit’s experiments Thus, at first, re- 
versible and nonreversible situations are 
treated alike when described by passive sen- 
tences, later they are treated differently, and 
children actually retreat from a level of per- 
formance previously reached m reveisible 
situations A similar study by Hayhurst, 1967, 
also found “young” children not taking ad- 
vantage of nonreversibility, however, her 
subjects were older than Bever et al ’s sub- 
jects — m fact, the age of Slobm’s subjects, 

5 years 

Bever et al argue plausibly that children 
adopt certain general strategies m under- 
standing sentences — for example, that En- 
glish sentences are semantically coherent, and 
that they describe an actor, an action, and an 
object acted upon Such semantic strategies 
depend on a conviction that utterances make 
sense and on a knowledge of what makes a 
situation reversible or nonreversible Informa- 
tion of this kmd is distinct from grammatical 
knowledge — for example, that the underlying 
relations in a sentence are subject, verb, and 
object The semantic strategy is acquired later 
than knowledge of the grammatical relations 
among elements, and is derived from a differ- 
ent source — perhaps a statistical predom- 
inance in speech of sentences describing 
actors, actions, and objects acted upon It is 
not the same as a syntactic analysis of a sen- 
tence It is, rather a method, based on se- 
mantic coherence, for facilitating a syntactic 
analysis 


A statement of the strategy, differing 
slightly (but importantly) from the version 
described by Bever et al , is as follows 

1 Assume that noun-verb-noun stands for 
actor-action-obj ect 

2 If this is implausible, assume that noun- 
verb-noun stands for object-action- actor 

Under the influence of this strategy, re- 
versible passive sentences can be construed 
as active sentences, even though the trans- 
formation of passivization is available The 
cat is being chased by the dog becomes under 
the strategy cat (actor) chase (action), and 
dog (acted upon) The semantic coherence 
of a cat chasing a dog leads to a reversal of 
giammatical subject and object The same 
strategy, however, protects a child from a 
reversal of subject and object in nonreveisi- 
ble situations Tony (actor), ride (action), 
and girl (acted upon) must be rejected by a 
child expecting semantic coherence, so the 
pony is being ridden by the girl is correctly 
understood as a passive sentence Young chil- 
dren without a semantic strategy treat re- 
versible and nonreversible situations alike and 
sentences describing both are open to the 
same confusions 

The strategy of exploiting nonreversibility 
is an example of what Jakobson (1960) has 
called the “metalinguistic” function of lan- 
guage An expectation that sentences will 
contain an actor, an action, and an object 
acted upon is a hypothesis about language 
It is compaiable to such other hypotheses as, 
for example, that all words have a rhyme, or 
that all sentences have a middle It is differ- 
ent from the linguistic hypotheses considered 
m the section on Syntax, which comprise the 
syntactic competence of a child 

The lelatively late appearance of a strategy 
based on semantic coherence probably is re- 
lated to the insensitivity to semantic anomaly 
uncovered in McNeill’s (1965) expenment, 
there is, however, a discrepancy in ages 

The Association of Semantics and Action 
The strategy mentioned earlier — that sen- 
tences contain an actor, an action, and an 
object acted upon — can take other forms 
For example, children following this strategy 
can use sentences to direct their own activity 
They can do so, that is, if the actor m an 
action and the subject of a sentence directing 
the action are the same But if children must 
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performs an action that violates the strategy, 
performance becomes disrupted Such is die 
conclusion reached by Huttenlocher, Eisen- 
berg, and Strauss (1968) and Hutten- 
locher and Strauss (1968) 

The experiments are elegant m their sim- 
plicity In one (Huttenlocher et al , 1968) 
a child sees before him a "road” consisting of 
a flat board divided into three spaces The 
middle space already contains a toy truck 
The child has in hand a second truck, which 
he is told to place either before or after the 
fixed truck It is the way of telling that counts 
Assume that the child's truck is painted green 
and the fixed truck is painted red Any one 
of four possible instructions can then be 
given (I) the green truck is pulling the led 
truck, (2) the red truck is pulling the gieen 
truck, (3) the red truck is pulled by the 
green truck, and (4) the green truck is 
pulled by the red truck Another four instruc- 
tions are available with the veib push In 
every case, the actor is the green truck the 
child is holding it is the one that must be 
moved Thus in sentences (1) and (3) the 
actor and the underlying subject of the sen- 
tence are the same, whereas m sentences (2) 
and (4) the actor is the underlying object of 
the verb pull Sentences (1) and (3) should 
therefore be more easily followed as instruc- 
tions than sentences (2) and (4) 

Sentences (1) and (2) are active sen- 
tences, whereas (3) and (4) are passive If 
children treat the superficial instead of the 
underlying subject of a sentence as an actor, 
then sentences (1) and (4) ought to be eas- 
iest, and (2) and (3) hardest, as green truck 
is the superificial subject in the first pair and 
the superficial object m the second pair 
Huttenlocher et al found the amount of 
time for 9-year-old children to place the 
moveable truck correctly increased from sen- 
tence (1) to sentence (4) Smce (1) < (2) 
and (3) < (4) it is clear that children as- 
sociate the subject of a sentence with the 
actor of an action This is the strategy dis- 
cussed by Bever et al (1967) Since (3) < 
(4) it is also clear that the underlying and 
not the superficial subject is the one associ- 
ated with the actor Finally, smce (2) < (3) 
it is clear that passivization poses problems of 
its own, the situation in Huttenlocher s ex- 
periment was reversible 

Huttenlocher et al also discovered a sys- 


tematic diffeience between the two verbs 
push and pull For all four types of sentence, 
children s reaction time to push was faster 
than to pull In terms of comprehension, at 
least, a push is not a backward pull 

An experiment by Huttenlocher and Stiauss 
(1968) produced similai observations of 
children following instructions of the form, 
the red block is on top of the green block 
and the yellow block is under the brown 
block A child m this experiment was faced 
with a ladder, the middle rung of which con- 
tamed a block, the instruction told him to 
place a second block above or below the 
block alieady fixed m place, the position de- 
pending on the color of the block the child 
had in hand The instructions were easiest to 
follow when the actor (the child's block) 
was also the subject of the sentence Smce 
there are no passive forms of the sentences 
used m this experiment, the association of an 
actor with the underlying subject of a sen- 
tence could not be demonstrated 

Bern (1967) has replicated Huttenlocher 
and Strauss' results m all particulars, but 
arrives at a rather diffeient conclusion In the 
view of Huttenlochei and Strauss, sentences 
such as the red block ts on top of the green 
block — when a child is holding a gieen block 
— are difficult because the sentence must be 
changed into one where the child's block is 
the giammatical subject — the green block ts 
under the red block The extra step takes its 
toll in time In Bern's view, the problem facing 
a child is not to perform a linguistic opera- 
tion, but to imagine a situation in which the 
sentence as given is a true descuption, Again 
the extra step takes its toll in time Whereas 
in Huttenlocher and Strauss' view a sentence 
must be transformed, m Bern's view a situa- 
tion must be transformed In order to dis- 
tinguish the two interpretations, Bern asked 
her subjects to descnbe the towei of blocks 
they had made If subjects first had to trans- 
form the sentence to make the tower, the 
transformed sentence ought now to appear as 
a description However, 90% of Bern's sub- 
jects used the original untransformed sen- 
tence, as if nothing had been done to alter 
its form 

Many psychologists have assumed that lan- 
guage and action in children are closely 
associated Although this sometimes has meant 
that child language is primarily an expression 
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of action (see de Laguna, 1927), the regula- 
tive function of language has been more often 
studied (however, see Clark, m press, for 
evidence that prepositions are at first expres- 
sive of movement) The many experiments 
of Luria (1961, also see Luna, 1959, Bnch, 
1966) have traced the development of verbal 
control — that is, the ability of children to 
follow verbal instructions The experiments 
of Huttenlocher et al , Huttenlocher and 
Strauss, and Bern bear on the same question 
The present chapter is not the place to ex- 
plore the possibility that the emergence of 
verbal control m children depends on the 
emergence of the metalinguistic hypothesis 
that sentences descnbe an actor, an action, 
and an object acted upon However, the 
mattei deserves investigation Such an ex- 
ploration presumably would look into a child's 
knowledge of grammar in relation to his ap- 
plication of such strategies, it is clear that the 
two are not the same, and the problem anses 
as to how they are interrelated 
This problem arises with particular acute- 
ness m the experiments described by Luna 
(1959, 1961) Working within the geneial 
framework established by Vygotsky (1962), 
Luna and his colleagues have traced the de- 
velopment of what they consider to be vol- 
untary action In the Vygotskyan scheme of 
things a basic continuity exists between the 
control of one's action by others and the 
voluntary control of one's action by oneself 
All control is a matter of following instruc- 
tions, either external or internal Self- or in- 
ternal control depends on the development of 
inner speech, and inner speech m turn de- 
rives from socialized speech Self-control is 
therefore preceded genetically by external 
control 

To very young children, commands are 
simly occasions for action The speech of 
others triggers an action a child is ready to 
perform A child who has repeatedly been 
made to retrieve a coin beneath an inverted 
cup will still search under the cup when told 
to find a coin under a nearby glass The spe- 
cific property of the instruction — that it con- 
tains the word glass rather than cup — has no 
effect The same tendency appears m other 
situations. Told to press a ball when a light 
flashes, children younger than 2j^ immedi- 
ately look for the light and press the ball 
When the light is subsequently flashed a 


child looks at it but ignores the ball A com- 
mand at this stage initiates two independent 
acts that are not put together Children fail 
to react to the grammatical structure of the 
command 

Commands possess for young children what 
Luna (1961) calls an ‘impulsive quality" 
If children of 3 are told not to press a ball 
when a light goes on, they press anyway 
Moreover, if they are told to say “don't press" 
when a light goes on, they still press even 
while saying "don't press " A 3-year-old 
child's reaction to his own speech is therefore 
independent of the content of his speech 
Speech is more like a metronome If told to 
say "I’ll press twice” when a light goes on, 
a child of 3 presses once and maintains pres- 
sure for the duration of the sentence If on 
the other hand, he is told to say "gol go!" 
when the light goes on, he presses twice be- 
cause there are two impulses It is not until 
4^ or 5 that children react to "go 1 go!”, "I'll 
press twice,” and "don't press*' in appropriate 
ways 

One wonders, m line with the preceding 
remarks, if the change at 4 or 5 results from 
application of a metalinguistic strategy that 
relates the grammatical subject, verb, and 
object m a sentence to the actor, action, and 
object acted upon in a situation Because 
such a strategy is discovered relatively late 
m development, children before this point 
react to commands as if they had no internal 
structure, but are mstead merely external 
signals to act However, once a strategy is 
adopted " the regulatory function is stead- 
ily transfen ed from the impulsive side of 
speech to the analytic system of elective sig- 
nificative connections which are produced by 
speech” (Luna, 1961, p 92, italics omitted) 

The Exchange of Information among Chil- 
dren. Piaget (1923) long ago devised an 
experiment m which children instructed other 
children on the operation of a mechanical 
device — a syringe, for example Children less 
than 6 are not very good at this They use 
gestures and such pronouns as this , that , 
something , there, and here — even when the 
child being instructed is, for example blind- 
folded For Piaget, the difficulty of communi- 
cation arises from the egocentrism of chil- 
dren The instructor takes it for granted that 
the other child already knows how a syringe 
works, since he, the instructor, also knows 
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haw it works All that must be done m order 
to communicate therefore is to make refer- 
ence to common knowledge 

More recently Glucksberg and Krauss, and 
various of their collaborators (Glucksberg, 
Krauss, and Weisberg, 1966, Glucksberg and 
Krauss, 1967, Krauss and Rotter, n d , Krauss 
and Bncker, 1967, Krauss and Weinheimer, 
1964, 1966), have looked at the same phe- 
nomenon as a mater of communication ef- 
ficiency Viewmg an exchange of information 
as a question of communication efficiency is 
not, of course, incompatible with explaining 
poor efficiency by reference to egocentrism 

In a typical experiment two children (or 
adults) are seated on opposite sides of an 
opaque screen One is an encoder and the 
other is a decoder of messages about a set of 
unusual visual forms The forms are chosen in 
advance as ones without readily available 
names m English, the experiment therefore 
differs from Piaget's, where vocabulary existed 
(in fact, was taught) to describe the object 

In general, the success of children's mes- 
sages to other children is low Children use 
shorter descriptions than adults do, and the 
descriptions are sometimes highly idiosyn- 
cratic Idiosyncratic messages are not mean- 
ingless, however, even though they are poor 
for communication, when children serve as 
their own decoders, the level of accuracy is 
relatively high (Glucksberg et al , 1966) 
Brevity of description is characteristic of 
adults when the same form has been de- 
scribed several times previously, and arises 
because messages about familiar things tend 
to minimize redundancy (Zipf, 1935, Krauss 
and Weinheimer, 1964) That young chil- 
dren begin with such messages possibly re- 
flects the egocentrism discussed by Piaget It 
suggests that children differ from adults in 
their conception of familiarity, egocentrically 
assuming that every known thing is a famil- 
iar thing 

When children are given messages en- 
coded by adults, communication accuracy 
soars (Glucksberg et al , 1966) An adult 
will say of a figure that it looks like an ‘up- 
side down cup" Children respond to this 
description much as adults do But children 
say of the same figure that it looks like 
“mother's dress," “Ideal" (referring to the 
trademark of a brand of toys), “digger hold," 
“a caterpillar," or “a ghost" Children are 


therefore better at decoding than encoding 
messages 

Even though children are better decoders 
than encoders, children as decoders do not 
treat the communicative messages of adults 
differently from the noncommunicative mes- 
sages of other children All messages are ac- 
cepted passively and with little comment 
Moreover, children as encoders do not modify 
messages when explicitly requested to do so 
by adult decoders (Glucksberg and Krauss, 
in press) In these respects children are 
shaiply different from adults, who request 
and receive new descriptions when a descrip- 
tion seems to them insufficiently precise One 
of the children described by Glucksberg and 
Kiauss (1967), when told to pick up “this 
one," asked the child on the other side of the 
opaque screen “do you mean that one?", the 
reply was “yes " Although children can under- 
stand the messages of adults, they act as if 
they can understand every other message as 
well 

Symbol Formation A review of semantic 
development would not be complete without 
mention of the work of Werner and Kaplan 
(1963) They have attempted to explain cer- 
tain aspects of language acquisition as a con- 
sequence of cognitive development, and so, 
unlike other cognitive theorists, have con- 
fronted the problem of cognition and lan- 
guage 

Werner and Kaplan raise a number of 
fundamental questions What are symbols? 
How do they develop in children? How is 
language intertwined with action? How does 
the relation between language and action 
change with development? It is not suipnsing, 
perhaps, that Werner and Kaplan do not pro- 
vide satisfactory answers to these questions 
No one does But it is ironic m their case 
that a source of difficulty is a commitment to 
an analysis of symbolization promoted by the 
very empiricist philosophers whom Werner 
and Kaplan are at pains to dispute 

Werner and Kaplan regard the problem of 
learning the meanmg of words as a problem 
m “distancing " A child must distinguish be- 
tween himself and the objects to which words 
refer, he must distinguish between himself 
and words, and he must distinguish between 
words and objects At first speech is held to 
be limited to onomatopoeia A child tries to 
imitate the acoustic qualities of objects Ob- 
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jects are not clearly distinguished from a 
child’s own activity, including the activity 
of imitating acoustic quality, and imitation 
clearly is something a child himself does 
Word, object, and child are therefore fused 
In contrast, the words and meanings of adult 
languages are arbitrarily related to oneself and 
to objects To move from such an onomato- 
poeic beginning to the arbitiary vocabulary 
of adults, a child must interpose "distance” 
between himself, words, and objects 
The first step is to transcend the single 
sensory modality of heanng Onomatopoeia 
is necessarily limited to objects that make a 
noise Syntesthesia rests on a similarity be- 
tween sensory modalities, and thus provides 
a means whereby the visual (or tactual or 
olfactory) qualities of objects also can be 
vocally imitated Werner and Kaplan firmly 
believe that sounds have physiognomic qual- 
ities (of which synesthesia is one special 
type) it is a physiognomic similarity be- 
tween acoustic and visual perception that 
causes "zigzag” to be a bad name for a circle 
and a good one for a jagged line Through 
such synesthetic similarities "distance” is first 
interposed between words and objects Con- 
tinuing in this physiognomic direction, a child 
eventually arrives at the arbitrariness of adult 
lexicon, by then all outward similarity be- 
tween words and referents has been lost 
Fodor (1964) has written a blistering cri- 
tique of this theory He finds m it an entire 
catalogue of philosophical blunders Accord- 
ing to Fodor, the theory is "surprisingly con- 
servative”, it is "circular”, it is "irrefutable”, 
it is "doctrinaire”, and it is "not scientific” 
Unlike the classical empiricists, who regarded 
symbolization as a result of both causation 
and similarity, and unlike modem learning 
theorists, who regard it as a result of causa- 
tion alone, Werner and Kaplan regard sym- 
bolization as a result of similarity alone The 
key, as noted, is physiognomic similarity 
Sounds and objects are physiognomically 
similar when they are integrated into similar 
"postural-dynamic patterns ” Since these pat- 
terns govern the similarity of words and 
objects, outwardly the properties of words 
and objects may differ markedly — and so 
may appear to be arbitrarily related — but in- 
wardly they are similar The difficulty with 
such an argument, as Fodor points out, is 


that it is essentially post hoc The only way 
to find out if a word and an object are phys- 
lognomically the same it to find out if the 
word refers to the object There is no way 
in principle to test such a theory 

Fodor s review should be read carefully 
It shows the difficulties and hazards of pro- 
ceeding m the area of semantics To his cri- 
tique, perhaps only one thing should be 
added As previously noted, Werner and Kap- 
lan are concerned with the problem of cogni- 
tion and language Their effort in this direction 
is unique However, the relevance of Werner 
and Kaplans theory to the problem of cogni- 
tion and language is quite unknown Wemer 
and Kaplan take for granted that symboliza- 
tion is a weak universal — a universal imposed 
by human cognition But, for all we know, 
symbolization is a strong universal — a pecu- 
liarity of the human system of communication 
There have been no empirical investigations 
of the distinction 

PHONOLOGY 

If semantics is regarded as the basement 
of syntax, then phonology is the penthouse 
It is ironic that so little can be said of the 
acquisition of this most visible part of lan- 
guage Little can be said, even though the 
study of sound has long been a dominant 
concern of linguistics and an explicit theory 
of phonemic development has existed for 
more than a quarter of a century (Jakobson, 
1941, 1968) The challenge posed by pho- 
nology has never been accepted 

We must distinguish at the outset between 
phonemic and phonological development The 
first refers to the emergence of the sound 
units of a language, something can be said 
about phonemic development, and it is here 
that Jakobson’s theory applies Phonological 
development on the other hand refers to the 
emergence of rules for combining sounds into 
pronounceable sequences in a language and 
for relating such sequences to the surface 
structure of sentences Virtually nothmg can 
be said about this aspect of development 

The Relation of Babbling to Speech. All 
parents know that children babble during the 
second 6 months of life. Before that time 
vooalization is highly limited, and after that 
time speech proper begins with the appear- 
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ance of holophrastic utterances During the 
babbling period children vocalize an immense 
variety of sounds m ever more complex com- 
binations It is possible that the babblmg 
period is a bridge between the limited vocal- 
ization of the first 6 months of life and the 
appearance of communicative speech itself 
Such a hypothesis has indeed been proposed 
Allport (1924) believed that children develop 
the phonemic system of their native language 
by matching speech sounds they hear to 
sounds they produce m babblmg Staats and 
Staats (1963) and Mowrer (1952, 1960) 
hold a similar view However, it is a view 
with no basis in fact, there is on the contrary 
a sharp discontinuity at both ends of the 
babbhng penod Babblmg, if it plays a part 
in the emergence of speech, does so far be- 
hind the scenes It is not a bridge 

The direction of development during the 
first year of life is from the back to the front 
of the mouth for consonant-type sounds and 
from the front to the back of the mouth for 
vowel-type sounds (Irwin, 1947a, 1947b, 
1947c, 1948, McCarthy, 1954, however, see 
Bever, 1961, for some qualifications) The 
direction of development during the second 
year of life is exactly opposite First to appear 
as speech sounds are front consonants and 
back vowels The back consonants and front 
vowels that were the first uttered m the 
period of prespeech are among the last or- 
ganized mto a linguistic system 
Children younger than 3 months vocalize 
such consonantlike sounds as [k], [g], and 
[x], and such vowel-like sounds as [i] and 
[u] That is the beginning In the babblmg 
penod many more sounds are added — sounds 
necessarily more forward m the case of con- 
sonants and more backward in the case of 
vowels When linguistically meaningful ut- 
terances first occur, however, they consist of 
a front consonant, /p/ or /m/, and a back 
vowel, /a/ (Following the usual practice, 
linguistically significant sounds — phonemes — 
are enclosed m slant bars and linguistically 
nonsignificant sounds — phones — are enclosed 
m square brackets ) Front consonants and 
and back vowels provide a starting point for 
speech regardless of the language to which 
children are exposed children exposed to 
English say tut before cut , children exposed 
to Swedish say tata before kata , children ex- 


posed to Japanese say ta before ka > and so 
on (Jakobson,1941) The early appearance of 
/m/ and /p/ as speech sounds is no doubt 
one reason why mama and papa are among 
the first words acquired by all children 

The baby talk of adults usually corresponds 
to this initial phonemic organization Fergu- 
son (1964) found replacement of velar by 
dental consonants m the adult speech ad- 
dressed to children among speakers of Syrian, 
Marathi, Comanche, English, and Spanish 
An English example is turn on for come on 
(phonemically, /kum/) The only exceptions 
among the languages Ferguson reviewed were 
Arabic and Gilyak, m both of which velar 
consonants play a particularly large role 
Baby talk is conventionalized speech for chil- 
dren In spite of the large differences among 
the phonemic systems of Syrian, Marathi, 
Comanche, English, and Spanish, the con- 
ventions for baby talk are the same, pre- 
sumably because actual child speech m each 
of these languages is organized m the same 
way 

The front consonants and back vowels or- 
ganized by children into an initial linguistic 
system also occur in babblmg However, many 
other sounds occur in children’s babblmg, as 
well, including the back consonants, [k] and 
[g], and the front vowels, [i] and [u], 
which are added to a child's linguistic sys- 
tem only after many months of further de- 
velopment Rather than continuity there is 
discontinuity Children quickly pass from a 
wealth of vocalization to concentration on a 
few sounds for communication It is not a 
question of selecting some sounds from many, 
it is rather a question of why the same spe- 
cific sounds constitute the beginning of every 
child's phonemic system Intentional vocal- 
ization requires a structure that unintentional 
vocalization does not A child who uses only 
/p/, /m/, and /a/ in speech will at the same 
time use [k], [g], and many other sounds 
in nonspeech (Jakobson, 1941), As Jesper- 
son (1925) remarked, 

It is strange that among an infant’s sounds 
one can often detect sounds — for instance, k, 
g, h, and uvular r — which the child will find 
difficulty in producing afterwards when they 
occur in real words, The explanation lies 
probably m the difference between doing a 
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thing in play 01 without a plan — when it is 
immaterial which movement (sound) is made 
— and doing the same thing of fixed intention 
when this sound, and this sound only, is re- 
quired (p 106) 

Jakobson s theory of phonemic develop- 
ment is addressed to the sound structure of 
early speech However, before discussing his 
theory, let us look a little more carefully at 
the period of development before the emer- 
gence of speech Doing so will make more 
concrete the discontinuity between speech 
and prespeech 

Prespeech and Neurological Maturation m 
the First Year of Life, There are m fact two 
discontinuities during the first yeai of life — 
one at 4 months and a second at 11 or 12 
months The two together roughly biacket 
the babbling penod Bever (1961) rean- 
alyzed the extensive data reported by Irwin 
and his collaborators (Irwm, 1947a, 1947b, 
1947c, 1948) in terms of the rate of change 
m sound development Irwm transcribed chil- 
drens vocalizations m the International Pho- 
netic Alphabet, so his data consist of informa- 
tion on a large number of sepaiate phonetic 
types, m general the data reveal a steady 
proliferation of phonetic types with age Bever 
focused instead on the rates of change of 
phonetic types and found discontinuities at 
4 and 11 or 12 months 

The two discontinuities mark off three pe- 
riods The first period, from birth through the 
third month, consists of a very rapid rate of 
change m the frequency and variety of vowel- 
hke sounds and a somewhat lower though 
still rapid rate of change in the frequency 
and variety of consonantlike sounds At 4 
months, the late of change drops abruptly, 
thus ending the first period and starting the 
second The second period is a succession of 
peaks without laige intervening troughs A 
peak in the rate of change an the variety of 
vowel-like sounds occurs between 5 and 6 
months, then a peak m the rate of change m 
the variety of consonantlike sounds at 7 
months (affecting dental and labial conso- 
nants particularly), finally a large peak an 
the rate of change m the vanety of all con- 
sonantlike sounds at 9 or 10 months Then, 
total collapse at 11 or 12 months The col- 
lapse at 11 or 12 months is the beginning of 


true linguistic development, the events it in- 
troduces are discussed m the next section 

Bever points to similar cyclical phenomena 
elsewhere in development (eg, in the 
amount of sleep per day) and argues that the 
episodic advance of vocalization reflects a 
series of changes m cerebral maturation, par- 
ticularly of an unfolding pattern of inhibition 
and integration during the first year of life 
The hypothesis is provocative and worth 
quoting 

The cycles observed m vocal development 
aie produced by phases of neurological ma- 
turation a) The first cycle is concurrent with 
and piesumably a manifestation of a primary 
level of neurological organization of vocal 
behavior b) The end of the first cycle is a 
result of the end of the reflex stage of be- 
havior due to cortical inhibition c) The 
second vocal developmental cycle occurs as 
the cortex gradually reorganizes the activity 
it had inhibited 

The difference m the manifest behavioral 
chaiactenstics of the first and second cycles 
in vocal development are due to differences 
between the lower and higher levels of neuro- 
logical organization a) Theie are two es- 
sential features of the first cycle of vocal 
development, and thus of the primary neuro- 
logical phase, a concern with tonal activity 
and the primary differentiation of affective 
crying b) The second cycle and thus the 
second neurological phase is associated with 
the development of consonant-like activity, 
and is often referred to as the period of 
‘preparation” for the onset of language-learn- 
ing proper The babbling stage is presumably 
a reflection of the process of integrating vocal 
activity and cortical organization (Bever, 
1961, p 47) 

So much for prespeech and its alleged con- 
nection with the nervous system We now 
turn to the beginnings of language 

The Differentiation of Distinctive Features 
The name of Roman Jakobson is associated 
with what is, beyond doubt, one of the most 
useful concepts m contemporary linguistics 
This is the notion of a linguistic feature In 
phonemics, where Jakobson developed the 
idea, linguists speak of distinctive features, 
but essentially the same insight into language 
has been invaluable m semantics and syntax, 
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* and previous sections of this chapter have 
relied on it heavily 

It is Jakobson also — in a celebrated paper, 
Kinder spr ache, Aphasie , und allgememe Laut- 
gesetze (1941) — who first applied the con- 
cept of a linguistic feature to questions of 
language development In the same paper, 
moreover, he presented for the first time a 
modem conception of the relation between 
linguistic umversals and the development of 
language (The general importance of uni- 
versal grammar had been realized centuries 
before, see Chomsky, 1966 ) Developmental 
psycholinguistics thus owes Jakobson a con- 
siderable debt It is fortunate that Kinder- 
sprache has at last been translated into En- 
glish by A Keiler (Jakobson, 1968) For a 
brief discussion of the theory, see Jakobson 
and Halle (1956), foi a general discussion 
of distinctive features, see Jakobson, Fant, 
and Halle (1963) 

It is remarkable that Jakobson's theory has 
inspired so few empirical investigations The 
few studies that have been conducted, how- 
ever, support the general line of argument, 
although not every detail (see Velten, 1943, 
Leopold, 1947) 

The development of a phonemic system, 
according to Jakobson, is the result of filling 
m the gap between two sounds, /a/ and /p/ 
The process of development is differentiation 
/p/ is a consonant formed at the front of the 
mouth, it is a stop, it is unvoiced, and it rep- 
resents a nearly total absence of acoustic 
energy /a/ contrasts with /p/ m each of 
these respects It is a vowel, it is formed at 
the back of the mouth, it results from a com- 
plete opening of the vocal tract, and it rep- 
resents a maximization of acoustic energy 
One might say that /a/ is an optimal vowel 
and /p/ is an optimal consonant Each is an 
extreme example of its type, and the con- 
trast between them is as large as possible 
With this contrast, linguistic development 
begins on a phonemic level 

However, neither /p/ noi /a/ are pho- 
nemes at the outset of development (and 
thus, strictly speaking, should not be written 
between slant bars) A phoneme is a mean- 
ingless sound used to distinguish meaningful 
messages /p/ and /a/ are instead meaningful 
sounds that distinguish no messages The 
consonant always appears with the vowel, 
and there are only two possible utterances 


pa and (with reduplication) papa The mean- 
ing of these woids may be highly diffuse, and 
a child may attempt to communicate more 
than one message with each word, but there 
is not yet a phonemic system 

In order to establish a phonemic system, 
the space between /p/ and /a/ must be dif- 
ferentiated The first such split occurs on the 
consonant side and (according to Jakob son's 
observations) results m a distinction between 
a labial stop / p/ and a nasalized labial / m/ 
The distinction therefore is between nasal 
and oral sounds and it creates two words — 
ma and pa or (with reduplication) mama 
and papa — distinguished by what are now 
two phonemes, /m/ and /p/ Velten (1943) 
found the first consonant distinction to be 
slightly different labial stops were first con- 
trasted with continuants (/{/ and /s/), and 
only later with nasals The nasal-oial distinc- 
tion thus appeared second in development 
rather than first 

The vowel /a/ at this stage merely sup- 
ports the consonants /m/ and /p/, and itself 
has no phonemic status However, the vowel 
plays a crucial role of a different kind, for 
together with the consonants / a/ establishes a 
syllable Syllabification ijis present from the 
outset of speech It is not obvious why such 
should be the case Perhaps there is some 
basic rhythmicity underlying speech, as Len- 
neberg (1967) has argued, which takes as 
its eailiest manifestation syllabification and 
reduplication Jakobson (1941) believed that 
children always formed consonant-vowel (or 
vowel-consonant) syllables in earliest speech, 
but apparently this is not invariably the case 
Weir (1966) observed Chinese children ut- 
tering syllables that consisted of vowels only, 
although Russian- and English-speaking chil- 
dren also included consonants, as expected 
Chinese is a language m which syllabification 
is measured by vowels alone, whereas Russian 
and English are not Weir's findings may re- 
flect the existence of language-appropriate 
syllabification at an extremely early age 

After the consonants have been divided 
into nasal and oral categories, there appears 
a division of oral consonants into labial and 
dental categones /ta/ comes to be con- 
trasted with /pa/ (Jakobson, 1941) After 
this there occurs the first division on the 
vocalic side. Narrow vowels are set off agamst 
wide vowels, as in /pi/ veisus /pa/ The 
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next step according to Jakobson may be in 
either of two directions One alternative is to 
divide the narrow vowel into a narrow palatal 
vowel /pi / and a narrow velar vowel /pu/ 
The other alternative is to create a high-mid- 
low vowel senes by inserting /e/ between 
/a/ and /i/ ? as m /pa/ versus /pe/ versus 
/pi/ 

Jakobson argues that the sequence of pho- 
nemic development is mvariant and universal 
among children All children pass through the 
same steps, although children may differ from 
one another m the late of advancement 
Moreover, the phonemic system created by 
the first two or three steps in phonemic de- 
velopment is universal among the languages 
of the world “ the child possesses m the 
beginning only those sounds which are com- 
mon to the world, while those phonemes 
which distinguish the mother tongue from the 
other languages of the world appear only 
later” (Jakobson, 1968, quotation from the 
Keiler translation) 

There is a striking similarity between pho- 
nemic and syntactic development Both begin 
with a primitive form that is universal In 
both, the starting point is not any particular 
language, but is so organized that it may be- 
come any language through a process of dif- 
ferentiation Perhaps we should not be sur- 
prised at the similarity, the separation of 
sound and syntax is a scholarly artificiality 
In fact, human communication always takes a 
specific form and it is not surpnsmg that the 
same basic form appears m all its aspects 

The differentiation of the space between 
/p/ and /a/ is the result of successively in- 
troducing certain distinctive features Jakob- 
son summarizes the process of development 
m terms of a series of vowel and consonant 
triangles (Jakobson, 1941, Jakobson and 
Halle, 1966) 

The first phonemes, /p/ and /t/, together 
with the optimal vowel /a/, comprise what 
Jakobson and Halle call the “primary tri- 
angle” It defines two distinctive features — 


X Compact 

Ax, i 

M D|ffuse 


compact-diffuse on the vertical axis and 
grave-acute on the horizontal 
When the vowel /a/ is in turn differenti- 
ated into wide (/a/) and narrow (/i/) 
vowels, the distinction between compact and 
diffuse is introduced into the vocalic category 
Thus, compact versus diffuse no longer sets 
vowels off from consonants, and we have 
instead. 



If the narrow vowel /i/, which is also 
palatal, is next distinguished from the velar 
vowel /u/, which is also narrow, the dis- 
tinctive feature grave-acute is likewise in- 
troduced into the vocalic category Grave- 
acute is therefore the first contrast shared by 
vowels and consonants It gives rise to the 
following triangle 



At this point, vowels embody more distinc- 
tions than consonants Balance is restored 
when the front consonants /p/ and /t/ are 
distinguished from the back consonant /k/, 
/p/ and /t/ are diffuse, whereas /k/ is com- 
pact We now have two complete triangles 
defined by the same features, 



The succession of vowel and consonant 
triangles explains why the first phonemic 
contrast that children draw is between /a/ 
and /p/ and not between /a/ and /k/, or 


Grave 


Acute 
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/i/ and /p/, or some other pair /a/ is the 
most compact of all sounds, whereas /p/ 
(along with /t/) is the most diffuse It is on 
the distinctive feature of compact-diffuse that 
/a/ and /p/ are the optimal vowel and con- 
sonant To utter /a/ the mouth forms a fun- 
nel openmg forward, to utter /p/ it forms a 
funnel opening backward In the case of /a/ 
a large amount of acoustic energy is con- 
centrated in a narrow band of frequencies, 
in the case of /p/ a small amount of energy 
is distributed over a wide band of frequen- 
cies The sound /t/ is as diffuse as /p/ m 
terms of the distribution of energy, but it 
differs less from /a/ m the location of closure 
of the mouth, and for this reason is not chosen 
first as the consonant to be set off against the 
new vowel /a/ 

The Development of a Phonemic System 
and the Laws of "Irreversible Solidarity.” 
The laws of irreversible solidarity describe 
universal asymmetries m the phonemic sys- 
tems of the languages of the world For 
example, no language has back consonants 
without also having front consonants, but 
languages exist with front consonants and 
no back consonants There is an irreversible 
"solidarity” between back and front conso- 
nants such that the former presuppose the 
latter but not conversely The laws of irre- 
versible solidarity describe languages (see 
Greenberg, 1963, 1966, for a number of ex- 
amples of umversals of this kind) Jakobsons 
(1941) suggestion is that the same laws de- 
scribe the development of language by chil- 
dren (as well as the loss of language by 
aphasics) Thus no child amves at back con- 
sonants without first developing front conso- 
nants /p/ and /m/ always appear before 
/k/ or /g/, for example Jakobson gives 
many examples of such an identity between 


the order of acquisition and the distribution 
of phonemes among the languages of the 
world 

Phonemes that are relatively rare among 
the languages of the world — for example, the 
English / 0 / as m "thing” — are the last pho- 
nemes acquired by children exposed to lan- 
guages that contain them It is as if, when 
children must push farther and farther from 
the universal core of language, fewer and 
fewer languages force them to do so (see 
discussion of the informal dialect of New 
York speakers as described in Labov, 1964) 
In general, rare phonemes embody more dis- 
tinctions, of a more subtle type, than do 
phonemes of wider distribution and earlier 
appearance If the acquisition of phonemes 
is the result of differentiation, as Jakobson 
argues, then phonemes that embody nu- 
merous and subtle distinctions are naturally 
acquired after phonemes that embody less 
numerous and subtle distinctions A natural 
order of acquisition and distribution therefore 
results from the latent but universal struc- 
ture of distinctive features Jacobson (1941) 
argues that the structure inherent m the set 
of distinctive features is the result of general 
perceptual principles, and that the order of 
appearance of phonemic contrasts corresponds 
to the order of complication of any complex 
perception He thus contends that the laws 
of irreversible solidarity are weak linguistic 
umversals As m the case of semantics and 
syntax, however, there are not yet empirical 
grounds to support such a conclusion, as 
usual, the question has not been investigated 

Jakobson and Halle (1956) give the fol- 
lowing senes, presumably universal, for the 
successive differentiation of distinctive fea- 
tures The numbers are analogous to para- 
graph headings or indentations Thus 1 0 is 


Consonants 

dental vs labial (eg, /t/ vs /p/) 

10 

Vowels 

narrow vs wide (eg,/i/vs /a/) 

11 

Narrow vowels 

palatal vs velar (e g , /i/ vs. /u/) 

1 11 

Wide vowels 

palatal vs velar 

1111 

Narrow palatal vowels 

rounded vs unrounded 

1112 

Wide palatal vowels 

rounded vs unrounded 

11121 

Velar vowels 

rounded vs unrounded (e g , /a/ vs, /a/) 

1 113 

Consonants 

velopalatal vs. labial and dental 

112 

Consonants 

palatal vs velar (eg, /s/ vs /k/) 

1,121 

Consonants 

rounded vs, unrounded or pharyngealized vs 



nonpharyngealized 

1122 

Consonants 

palatalized vs, nonpalatalized 

1123 
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the first contrast to be developed (/t/ versus 
/p/), 1 1 is the second contrast, etc Later 
contrasts occur rarely among the languages 
of the world, examples in English are given 
where possible 

Some recent work of Preston, Yeni-Kom- 
shian, and Stark (1967) nicely illustrates 
how such contrasts arise m development 
They have studied the distinctive feature of 
voicing Among adults the acoustic manifes- 
tation of voicing is a particular relation in 
time between the onset of voicing and the re- 
lease of a consonant — that is, all consonants, 
including voiceless consonants, have voicing, 
voiced and voiceless consonants differ only 
m when voicing appeals To describe this 
situation Preston et al speak of ‘Voice onset 
time” or VOT, which is the number of milli- 
seconds the release of a consonant appeals 
before voicing VOT can range from negative 
values (voicing before release) through zero 
(release and voicing at the same instant) to 
positive values (release before voicing) 

Consonants with smaller VOTs are per- 
ceived as voiced, consonants with higher 
VOTs are perceived as voiceless As with all 
distinctive features, the contrast is a rel- 
ative one The VOTs of /b/, /d/, and 
/g/ m English, for example, are between 0 
and + 5 msec, whereas the VOTs of /p/, 
/t/, and /k/ aie between + 50 and +70 
msec The same voiced-voiceless contrast in 
Lebanese Arabic takes values of VOT of ap- 
pioximately — 70 msec for voiced consonants 
and +5 to +15 msec for voiceless conso- 
nants That is to say, the VOT of voiced con- 
sonants in English is the same as the VOT 
of voiceless consonants in Lebanese Arabic, 
but in both languages voiced consonants have 
smaller VOTs 

Preston et al have measured the VOTs of 
stop consonants uttered by children just at 
the beginning of linguistic development, at 
about 12 months The children lived m either 
Lebanon or the United States Because of 
their ages, the children were expected to be 
alike, the distinctive feature of voicing had 
not yet appeared But because of the differ- 
ence between Lebanese Arabic and English, 
development was expected to move m oppo- 
site directions It turns out that Lebanese and 
American children both utter consonants 
limited to VOTs in the region common to the 
two languages — between 0 and +40 msec 


Are these sounds voiced or voiceless? They 
are neither Ultimately Lebanese children de- 
velop a new group of sounds with VOTs in 
the negative range and thus make the original 
sounds voiceless American children on the 
other hand develop a new group of sounds 
with VOTs in the + 50 to + 70 msec lange 
and thus make the original sounds voiced 

These observations raise an interesting 
question about the linguistic distinction be- 
tween marked and unmarked features 
Roughly, a marked feature is derived from 
its unmarked mate through the addition of 
something — voicing, for example Marked 
features are regarded as yoked deviations 
from the corresponding unmarked features 
Theie are leasons internal to a linguistic anal- 
ysis for maintaining such a dichotomy, and 
there are reasons (such as Jakob son’s laws 
of universal solidarity) for supposing that the 
dichotomy appears in the same form m every 
language 

But what of the development of language? 
Oidmanly one would say that voiced pho- 
nemes aie maiked with respect to voiceless 
phonemes This could be true of Lebanese 
Arabic but not of English if marking is the 
result of adding something In English the 
additional phoneme is the voiceless member 
of each pair There is a dilemma here for 
those who want to interpret the distinction 
between marked and unmarked features m 
a literal way Either marking can be defined 
on mternal linguistic grounds, in which case 
the concept loses contact with the notion of 
something being added, or marking can be 
defined as the lesult of somethmg being 
added, m which case it leads to different 
classifications m different languages It is 
impiessive nonetheless that Lebanese Arabic 
and English are organized around a common 
core — a VOT of 0 to + 40 msec The com- 
bination of universality and ldiosyncracy m 
this case is quite diabolical 

Lateralization. Among all ammals man is 
the only one with bilateral asymmetry, only 
man has a systematic preference for one hand 
over another Since man is also alone m 
possessing language, we get a sense of pene- 
trating close to the heart of things when we 
discover that language, like handedness, is 
asymmetrically organized in the bram It has 
been known for more than a hundred years 
that the left side of the bram serves a special 
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function in language Lesions to the left side 
of the brain produce more damaging aphasia 
than do lesions to the right side, and they 
take longer to recover from, if indeed there 
is any recovery at all 

The emergence of lateralization therefore 
seems a promising place to look for the 
physiological underpinnings of language ac- 
quisition Lenneberg (1967) relates it to the 
existence of a critical period m linguistic de- 
velopment The ability to recover from 
damage to the left side of the bram declines 
with age A newborn with a damaged left 
hemisphere develops language normally with 
the right hemispheie, a 2- or 3-year-old loses 
language in some degree aftei damage to the 
left hemisphere but then quickly recovers 
with the right, beyond puberty recovery is 
always limited or nonexistent The degree of 
recovery is thus correlated with the degiee 
of lateralization before injury 

Aside from such observations of aphasia 
m children the development of the laterali- 
zation of speech functions has not been 
studied It is possible nevertheless to state 
some consequences of lateralization m normal 
adults, and so to descnbe the tei minus to- 
ward which development points A series of 
studies at the Haskins Laboratories (Shank- 
weiler and Studdert-Kennedy, 1966, 1967, 
Liberman, Cooper, Shankweiler, and Stud- 
dert-Kennedy, 1967, Shankweiler, 1968) has 
revealed a number of surprising effects on 
the perception of speech of left-hemisphere 
dominance Their methodology, first employed 
by Kimura (1961), is suitable for young 
children, so developmental studies could 
easily be carried out along the same lines 

Kimura observed that when an adult hears 
two digits simultaneously m the two ears — 
a different digit in each — the right ear is 
more accurately reported The left hemi- 
sphere therefore dominates the right The 
Haskms experiments have used this dichotic 
task to measure separately hemispheric dom- 
inance m listening to consonants and vowels 
If one ear receives /pap/ and the other 
/tap/, the experiment measures sensitivity to 
consonants, if one ear leceives /pap/ and the 
other /pip/, the experiment measures sensi- 
tivity to vowels In a number of studies, the 
right ear (left hemisphere) has been shown 
to be dominant m the perception of conson- 
ants, but neither ear (hemisphere) has been 


shown to be dominant m the perception of 
vowels This difference between consonants 
and vowels is reminiscent of the difference 
Kimura (1964) found between digits and 
melodies digits were best perceived by the 
right ear (left hemisphere), but melodies 
were best perceived by the left eai (right 
hemisphere) One consequence of lateraliza- 
tion therefore seems to be a migration of 
consonants but not vowels to the left side of 
the bram The part of the brain involved m 
the perception of the melodic aspects of 
speech, the vowels, is different from the part 
involved in the perception of the nonmelodic 
aspects, the consonants 

Vowels and consonants have been shown 
to diffei m another respect If small differ- 
ences in speech sounds are to be discrim- 
inated, the disci immation of consonants is 
“categorical” but the discrimination of vowels 
is continuous (see Liberman et al , 1967, 
for a summary of the work on which this 
conclusion is based, see Lane, 1965, for a 
critical review) “Categorical” perception 
means that differences among speech sounds 
can be detected no more accurately than the 
sounds can be identified It is possible to 
prepare a set of artificial consonants (with 
the aid of a device called the “pattern play- 
back”) that differ from one another by a 
series of small steps Each such step is of 
the same physical magnitude as every other, 
and the series as a whole ranges from a clear 
instance of one phoneme (say /g/) to a clear 
instance of another (say /b/) with a 
phoneme boundary somewhere m the middle 
If the sounds are consonants, successive steps 
within a single phoneme are poorly discrimi- 
nated, whereas sounds separated by the same 
physical distance but belonging to different 
phonemes are well discriminated In contrast, 
if the sounds are vowels, discrimination de- 
pends on physical sepaiation alone, not on 
category membership One is tempted to re- 
late the findings on categorical perception to 
the findings on lateral dominance by saying 
that categorical perception occurs only m the 
left side of the bram 

In some degree this may be so, but matters 
are complicated by yet another set of ob- 
servations Certain kinds of epilepsy are 
treated by a complete surgical severance of 
the two cerebral hemispheres In effect, the 
operation leaves a patient with two mdepen- 
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dent functioning brains within a single skull 
In most circumstances the left hemisphere 
dommates the right, but with a certain 
amount of contrivance it is possible to force 
the right hemisphere to reveal itself, even in 
the comprehension of speech (Gazzamga and 
Sperry, 1967) In one study the experimenter 
speaks a short phrase (“used to tell time”) 
and then exposes to the patient's left visual 
field a senes of written words (one of them 
“clock") The phrase reaches both hemis- 
pheres, but the senes of words is so presented 
that it reaches only the right Gazzamga and 
Sperry's patients succeeded m matching the 
phrases to the words — not only does the 
right hemisphere understand speech but it 
also reads I 

Unfortunately, this experiment is unclear 
on what the nght hemisphere understands 
Although given a phrase, the correct written 
word could have been selected from the 
perception of a smgle spoken word (“time" 
m the example given) There is no evidence 
therefore that the right hemisphere can com- 
prehend syntax, although one might plausibly 
expect it to do so m view of the fact that 
language acquisition is underway long before 
lateralization is complete It is clear nonethe- 
less that the nght hemisphere has access to 
word meanings and also to the phonemic 
structure of language The latter observation 
tempers any extreme conclusions one might 
want to draw from the Haskins experiments 
descnbed above Lateralization evidently has 
not gone so far as to segregate completely 
the manner of perception (categoncal or con- 
tinuous) in the two hemispheres 

Phonological Rules. Beside the phonemic 
structure of a language there are rules for 
usmg this structure Sporn is not a word in 
English, but it could be a word — perhaps the 
name of an acne cure However, kporn could 
never be a word m English, even though the 
individual phonemes of kporn are within the 
language just as are the phonemes of sporn 
A phonological rule of English requires ini- 
tial consonant clusters all to begin with /s/ 
(/l/ and /r/ follow consonants other than 
/s/, but /l/ and /r/ are classified as liquids, 
not as consonants, Halle, 1964b) Other 
phonological rules determine the intonation 
patterns of sentences In black board (a kind 
of board) mam stress falls on board , but in 
blackboard (a writing surface) it falls on 


black One rule for relating stress to the sur- 
face structure of sentences in English re- 
quires mam stress to fall on the first vowel 
of an N, but to fall elsewhere in constituents 
of other lands (Chomsky, Halle, and Lukoff, 
1956) Blackboard is an N and so receives 
mam stress on black , black board is an NP 
and so receives mam stress elsewhere, in 
this case, on board 

There are many such rules, for examples, 
see Chomsky, Halle, and Lukoff ( 1956) , Halle 
(1964b), Chomsky and Halle (1966), 
Chomsky and Halle (1968) It appears from 
informal observation that children continue 
workmg on phonological rules for many years, 
but there are few actual studies of this aspect 
of development The entire question is the- 
oretically npe but empirically untouched 
Certainly, future work should push in this 
direction 

We can mention the handful of studies that 
have been conducted on phonological ques- 
tions Berko’s (1958) well-known work on 
children's morphology belongs m part m this 
category Amsfeld and Tucker (in press) and 
Amsfeld, Barlow, and Frail (1967) have 
found evidence for sensitivity to the featural 
properties of sounds among 6-year-old chil- 
dren However, Menyuk (1967) finds that 
4- and 5-year-old American children are no 
better at memorizing sound sequences drawn 
from English than they are at memorizmg 
sequences drawn from other languages, al- 
though they are better at repeating English 
sequences And Messer (1967) finds children 
even younger than 4 able to discriminate 
between English and non-English sequences 
that differ by no more than one or two dis- 
tinctive features Clearly work m this area 
has barely begun 

LINGUISTIC APPENDIX 

Take a sentence of a dozen words, and take 
twelve men and tell to each one word Then 
stand the men m a row or jam them in a 
bunch, and let each think of his word as 
mtently as he will, nowhere will there be a 
consciousness of the whole sentence (James, 
1893, p 199) 

Thus did William James state one psycho- 
linguistic problem Consciousness of a whole 
sentence takes place in a single mmd It is 
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something done with the separate words of 
a sentence, and this something could not be 
done under the conditions of James’ proposed 
experiment In this section, we review what 
is known of the structure underlying the 
consciousness of sentences 

Propelled by the same revolution of 
thought that led to behaviorism m psychol- 
ogy, American linguists of the 1920s and 
1930s were concerned to describe language 
in absolutely neutral terms Descriptions were 
to reflect data Linguistics was engaged in the 
discovery of the structure inherent m samples 
of speech The aim was for completely ob- 
jective, automatic, and rigorous procedures 
that would, when correctly applied, yield a 
correct portrayal of these structures This 
would be the grammatical analysis, and it 
was not only to be correct, but also indepen- 
dent of extralinguistic suppositions Thus 
Bloomfield (1933) wrote “We have learned 
that we can pursue the study of language 
without reference to any psychological doc- 
trine, and that to do so safeguards our re- 
sults and makes them more significant to 
workers m related fields ” Although one can 
question Bloomfield’s actual independence 
from behaviorism, the general tenor of lin- 
guistic thought m the 1930s was that linguis- 
tics had no concern with psychology By the 
same token, psychology had little direct con- 
cern with linguistics It is not surprising 
therefore that James’ problem received little 
attention 

However, a different approach is possible, 
and, of late, has been under active develop- 
ment In this alternative approach, linguistics 
aims to describe exactly what Bloomfield 
wanted to avoid — the specialized form of 
human knowledge brought to bear in the 
comprehension and production of sentences 
Descriptions of knowledge have obvious im- 
port for psychology whatever we know, we 
know by some psychological process Thus, 
under its new development, linguistics makes 
strong psychological assumptions, with the re- 
sult that it occupies common ground with psy- 
chology As we shall see, the direction of traffic 
through this common region has been almost 
entirely one way Discoveries m linguistics 
pose the challenge, psychology attempts to 
assimilate them Perhaps, in the future, two- 
way traffic will become possible If so, a 
full answer to James’ problem wil be at hand 


We shall then understand the process that 
leads to a consciousness of a whole sentence 
Until that psychological millennium arrives, 
however, our discussion must be limited to 
describing the linguistic knowledge that is 
applied in this process, and it is to this better 
understood question that we now turn 
Lmguists call the systematic chaiacteriza- 
tions of linguistic knowledge grammars It is 
impoitant to realize that these grammars are 
psychological theories They strive to portiay 
certain facts about the mind, that is, they are 
supposed to be psychologically correct and 
they stand or fall accordingly (Katz, 1964) 
The psychological interest m such grammars 
is therefore straightforward However, it is 
important — even crucial — to understand the 
limitations placed on this claim of psychologi- 
cal validity A grammar relates to mental 
phenomena of a particular kind, it is not an 
all-purpose psychological theory In particu- 
lar, it is not a theory about behavior — the 
actual encoding and decoding of speech This 
brmgs us to a fundamental distinction 
Competence and Performance. A sharp 
distinction between competence and perfor- 
mance has been traditional in linguistics since 
Saussure’s Cours de hnguistique generate 
(1916) and was first drawn at least as early 
as the eighteenth century (Chomsky, 1966) 
One can think about language in either of 
two ways There are, first of all, actual acts 
of speaking and hearmg, taking place in 
time, subject to various distractions, limited 
by memory and by the general weakness of 
human flesh These were called actes de 
parole by Saussure and performance by 
Chomsky (1957) Performance is linguistic 
behavior, eithei encoding or decoding speech 
A theory of performance would clearly be a 
psychological theory, a fact that presumably 
needs no defense At the present time, there 
are no theories of linguistic performance 
Indeed, there is only the most fragmentary 
knowledge of the relevant parameters of such 
a theory, although the problem is one that 
now inspires considerable mterest “A number 
of recent experimental studies can be re- 
garded as bearing on it (eg, Miller, 1962, 
Miller and Isard, 1963, 1964, Mehler, 1963, 
Slobm, 1966, McMahon, 1963, Gough, 1965, 
Saym and Perchonock, 1965) 

The second aspect of language is the 
knowledge of syntax, meaning, and sound 
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that makes performance possible Saussure 
called such knowledge longue , and Chomsky 
has called it competence A theory of com- 
petence is also a psychological theory, al- 
though of a type not usually developed by 
contemporary psychologists Piaget, perhaps, 
comes closest in his aim to characterize the 
structure of logical thought Because a gram- 
mar is concerned with knowledge, not be- 
havior, factors (such as memory limitations, 
time restrictions) that are important to per- 
formance can be disregarded in thinking 
about competence Competence is an ideali- 
zation, an abstraction away from performance 
(Chomsky, 1965) Theories of performance 
and competence therefore deal with different 
aspects of language A grammar is not a 
recipe for producing sentences That recipe is 
given by a theory of performance Indeed, 
the problem for a theory of performance is 
to explain just how the information repre- 
sented by a grammar is realized m actual acts 
of speaking and hearing (Miller, 1962) The 
linguist' s solution will not answer the psychol- 
ogist's problem 

Perhaps the distinction between compe- 
tence and performance, and the way they 
are related, will become clearer if we con- 
sider an artificial example In Table 9 are 
several strings of letters 4 In each string there 
is an a or a b or both Some of the strings 
have been circled These we shall call “ sen- 
tences,” by which is meant that they have a 
certain structure in common not shared by 
the other strings, the "nonsentences" Table 
9 is a skeletonized version of the set of all 
possible strings — all possible combinations 
of the letters a and b — and thus is analogous 
to the output of that hypothetical group of 
1,000,000 monkeys set before 1,000,000 dic- 
tionaries, who work out the plays of Shake- 
speare and next week's shopping list, along 
with every other combination of English 
words, merely by pointing at random 

Our problem is to discover the structure 
that makes a string a "sentence" m Table 9 
This can be done by the leader if he care- 
fully examines the "sentences" and "nonsen- 
tences" listed m the table — the problem is 
not a difficult one The reader can then test 
his discovery by judging the status of new 


Table 9 “Sentences" and “Nonsentences" from 
a Language Consisting of the Letters 
a and b ( many strings have been 
omitted) Circled Strings are “Sen- 
tences” 


Length 1 

a 

b 

Length 2 

aa 


ab 


~bb 

Length 3 

aaa 


aba 


bbb 

Length 4 

aaaa 


abaa 


aabb 

baba 

bbbb 

Length 5 aaaaa 

abbba 

bbbab 

bbbbb 

Length 6 aaaaaa 

aabbaa 


aaabbb 

bbbbbb 


4 The example is based on a lecture by G A 
Miller in 1964 
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examples Try, for instance, aaaaabbbb, 
aaaaabbbbb , aaaab , bbbbaaaa, aaabbb The 
second and the last of these are “sentences,” 
the rest are not 

Knowledge of the principle that determines 
which strings are “sentences” and which are 
not is competence It is not performance Un- 
derstanding the principle does not automati- 
cally lead to a correct judgment It would 
not, for example, m the case of a string that 
contained 10,000 as followed y 10,001 bs 
One must count the as and bs and judge the 
result agamst the principle Conversely, 
counting without knowledge of the principle 
will not tell one that ab is a “sentence” 
Counting is performance, whereas knowledge 
of the principle that adjudicates the result 
of counting is competence A grammar is con- 
cerned with the latter only Some further 
theory is needed to explain how the principle 
is applied to the result of countmg, and this 
would be a theory of performance There is, 
of course, competence in the counting, but 
that is a different domain (Klima, 1966) 

The status of a grammar is the same as for 
any other scientific theory It is an empirical 
hypothesis that deals with a mental phenom- 
enon Because it is an empirical hypothesis, 
a grammar is either true or false, and ob- 
servations are made to discover its adequacy 
m this respect Because it is a hypothesis 
about a mental phenomenon, the relevant 
observations have to do with knowledge of 
language The possibility of describing a 
branch of human knowledge in an explicit 
way is surely one of the most exciting as- 
pects of contemporary linguistics 

Let us now continue the example of Table 
9 and consider several hypotheses that might 
account for the reader s understanding of the 
structures represented there 

Finite-State Grammars One method of 
representing structure and hence competence 
is to construct a state diagram Such a dia- 
gram can be thought of as portraying a 
machine that can be in any of several states 
The machine is so restncted that when it is 
in one state, it can move to other states only 
over specified legal routes The resulting 
network of states and transitions will then 
embody a structure Can such a machine, 
however construed, talk correctly? In partic- 
ular, can it produce the “sentences” in Table 
9? To make the machine talk at all, we must 


provide it with a means of recording its prog- 
ress as it moves from state to state We can 
do this by having the machine utter the name 
of the state it has just left Since, m Table 9, 
the machine must produce strings of as and 
bs, all the states will be labeled a or b, and 
nothing else 

There is one further requirement to place 
on our machine We want it to be superior 
to a mere list One could, if patient enough, 
prepare a list of all the “sentences” made up 
from a and b — writing down ab, aabb, 
aaabbb, etc The difficulty with this list is 
that it would be endless, because there is no 
longest sequence of as and bs Thus, to be an 
advance over a list, our machme must be 
finite, although it may be large It must have 
a finite number of states connected by a 
finite number of transitions, and yet be capa- 
ble of producing an infinite number of correct 
sequences of a and b Such a machine, if 
successful, would provide the grammar of the 
“sentences” in Table 9 Let us now try to 
construct a grammar along these lines 

Figure 10 a shows a machme of three states 
and three transitions, which is able to produce 
the “sentence” ab It cannot, however, pioduce 


Machine 


Sentence Yielded 


Start 



(a) 


Start 



ab 


ab 

aabb 


ab 

aabb 

aaabbb 


(c) 


Fig. 10, Fnute-state machines. 
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“sentences” longer than this Running the 
machine twice yields a repetition, not a new 
“sentence,” since we obtain abab In older 
to produce the next longer “sentence” we must 
add two new states and three new transitions, 
as m Fig 10 b This new machine produces 
aabb as well as ab However, it produces 
nothing else, and to enrich it we must add 
two more states and three more transitions, 
as in Fig 10c However, this machine is 
likewise restricted — its longest “sentence” is 
aaabbb In short, for each additional length 
of sentence, we must add furthei states and 
transitions Since the list of “sentences” con- 
sistent with Table 9 is endless, the addition 
of states and transitions is endless also The 
machine thus fails the last requirement stated 
above It is not superior to a mere list, which 
means that different kinds of grammars aie 
needed 

Before considenng these different gram- 
mars, however, it should be noted that the 
“sentences” in Table 9 and the grammars m 
Fig 10 are not simply formal exercises On 
die contrary, they are directly relevant to the 
concerns of this chapter English has sen- 
tences of the kind listed m Table 9, and much 
psychological theorizing accounts for struc- 
tures of the kind diagrammed m Fig 10 The 
fact that Fig 10 cannot represent the “sen- 
tences” m Table 9 therefore means that much 
psychological theorizing cannot account for 
significant portions of the structure of En- 
glish Let us take up the matter of structure 
first 

The “sentences” m Table 9 are built like 
an onion The shortest is ab The next longer 
consists of second ab sealed inside the first 
ab giving aabb The next longer yet results 
from inserting still another ab into aabb, giv- 
ing aaabbb and so on If we use parentheses 
to indicate how the as and 6s are paired, the 
"sentence” of length six would be written 
(a(a(ab)b)b) Such structures are called 
embeddings, and, if not too long, are com- 
monplace m English ( The race ( that the car 
(that the people sold) won ) was held last sum- 
mer) stretches the bounds of credulity but it 
is a perfectly grammatical sentence (Miller, 
1962) 

Now let us take up psychological theory 
The way to construct a finite-state device, 
clearly, is to hnk states by transitions If the 
device is also a model of a learner, then it 


must be exposed to each link in the chain so 
that states will be connected by transitions 
moving m the correct directions In the case 
of Fig 10a, the device must have been ex- 
posed fiist to an a and then to a 6 This re- 
quirement is inescapable As long as the 
structure to be acquired can be presented in 
this steplike way, a finite-state device will 
faithfully reproduce it Other structures, how- 
ever, lie beyond its grasp 

This limitation — faithful reproduction of 
transitions but nothing else — is shared by 
every stimulus-iesponse theory of learning, 
from the simple (Skinners) to the complex 
(Osgood’s) It is inherent in the basic S-R 
paradigm Learning occurs when one pre- 
sents an appropriate stimulus together with 
the correct response and stamps m a connec- 
tion between the two through (dependmg 
on the theory) reinforcement, repetition, 
drive reduction, etc All S-R theories are vari- 
ations on this basic empiricist theme, and they 
all lead to the development of a finite-state 
device This is the relevance of Table 9 The 
principles underlying the “sentences” there 
could not be learned through any process 
consistent with an S-R theory The reader 
who understands the structure of these “sen- 
tences” is himself a refutation of all consistent 
S-R models 

This critique might be answered by ob- 
serving that there is no proof that our knowl- 
edge of the “sentences” m Table 9 is anything 
other than what the diagrams m Fig 10 
claim The requirement of infinite productiv- 
ity might be psychologically meaningless, and 
perhaps an S-R analysis expresses the proc- 
esses that actually take place 

There are, however, at least three things 
wrong with this defense One is simply that 
it fails to explain how S-R theories are log- 
ically superior to the compilation of lists in 
the case of embedded materials, that is, how 
S-R theones are actually theories 

A second difficulty is that the diagram m 
Fig 10 cannot account for correct judgments 
about “sentences” never before encountered 
If a novel “sentence” goes beyond the current 
degree of complication of a finite-state device, 
then it must be rejected as a “nonsentence” 
unless there is further training This is the 
point of the test the reader was asked to take 
If the reader had discovered the principle 
underlying the “sentences” m Table 9, he 
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could correctly judge the sentencehood of 
novel strings without additional instruction 
And if the reader could do this, then what 
he had learned could not be represented by 
a finite-state device 

The third difficulty is the opposite side of 
the com If we assume that a speakers knowl- 
edge of English can be represented by a fi- 
nite-state device, then we are forced to hold 
quite incredible beliefs about the learning 
ability of children Take the following sen- 
tence The people who called and wanted to 
rent your house when you go away next year 
are from California (Miller and Chomsky, 
1963) It contains a grammatical connection 
between the second word ( people ) and the 
seventeenth word (are) changing eithei but 
not both of these words to the singular form 
would produce an ungrammatical sentence 
If the connection between people and are is 
carried by a finite-state device, then each of 
us must have learned a unique set of transi- 
tions spanning 15 grammatical categories 
Makmg the conservative estimate that an 
average of four grammatical categories might 
occur at any point in the development of an 
English sentence, detecting the connection 
between people and are signifies that we 
have learned at least 4 15 = 10 9 different tran- 
sitions This is, however, a reductio ad ah - 
surdum As Miller and Chomsky point out, 
“We cannot seriously propose that a child 
learns die values of 10 9 parameters m a child- 
hood lasting only 10 8 seconds” (1963, p 
430) And even a highly efficient child, one 
who somehow could learn 10 transitions a 
second, would still miss the dependency when 
people and are are separated by 16 words or 
more 

These three difficulties add up to a single 
flaw There is no way for a finite-state device 
to express the idea of embedding — the inser- 
tion of one component inside another com- 
ponent like itself However, embedding is a 
psychological fact It is what the reader 
grasped m Table 9 It is behind the compre- 
hension of sentences such as the race that the 
car that the people sold won was held last 
summer , as well as the people who called and 
wanted to rent your house when you go 
away next year are from California What is 
needed therefore is a hypothesis about this 
mental ability One is introduced m the next 
section 


Recursiveness and Linguistic Abstraction 
Finite-state devices in geneial and S-R mod- 
els m particular can copy only those struc- 
tures that consist of states and transitions 
among them These models will misrepresent 
anything that possesses some other structure 
That was the difficulty with the description 
of the “sentences” m Table 9 by means of the 
state diagrams in Fig 10 If the reader under- 
stands the principle underlying these “sen- 
tences,” he can tell that the part missing from 
aab is a second h to go with the first a Sim- 
ilarly, he can tell that the sentence the car 
that the people sold was held last summer 
is peculiar because there is an incorrect verb 
for the noun-phrase, the car In both cases, 
pait of what is known about the structure of 
the sentence is that elements separated from 
each other actually belong together and not 
with the material that separates them What 
they jointly belong to is an important fact 
about the sentence, and a correct linguistic 
representation must somehow portray it It is 
on this hidden structural feature that a finite- 
state device founders 

Consider now the following two grammat- 
ical rules Together, they will produce all 
and only the “sentences” consistent with 
Table 9 

X aXb 
ah 

The anow (->) means that the element on 
the left is rewritten as, or becomes, the ele- 
ments on the right By employing a further 
notational convention — that parentheses in a 
rule indicate optionality — the possibility of 
choosing or not choosing an element — the 
two rules above can be collapsed into one, as 
follows 

Xh> a(X)b 

One may apply the expanded veision of this 
rule (with the X) indefinitely Each applica- 
tion lays down an a and a h with another X 
m between The new X calls for application 
of the rule again, ad infinitum This is em- 
bedding The development of a “sentence” 
comes to an end when the option of not in- 
cluding X is taken Figure 11 shows the suc- 
cessive steps taken m producing a “sentence” 
of length six, aaabhh 

The constituent m these “sentences*” la- 
beled X is the part to which each ah pair 
belongs, even though they are separated by 
other ah pairs The existence of X is essential 
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Structure 

Sentence 


X 



/w 


Step 1 

VK 

(abh 

Step 2 

*A‘ 

a b 

(a(ab) 2 b)i 

Step 3 

(a(a(abhb) 2 b)i 


Fig 11 Generation of aaabbb by phrase-struc- 
tural rules 

to the recursiveness of the rule, since its pres- 
ence on the nght is the only feature that 
requires another application of the rule 

However, note one important thing The 
constituent X is abstract It never appears in 
the final form of a sentence, only m its der- 
ivation aXb is not a "sentence” m Table 9, 
just as the equivalent in English, the people 
Sentence are from California, is not a sen- 
tence Nonetheless, an abstract constituent is 
part of the structure of these sentences It is 
such an abstraction that the reader gleaned 
from Table 9 and it is such an abstraction 
that he discovers in the sentence, the people 
who called and wanted to rent your house 
when you go away next year are from Cal- 
ifornia According to this hypothesis, speakers 
can grasp aspects of sentence structure that 
are never included m the overt form of a 
sentence The question of linguistic abstrac- 
tions poses a most challenging problem for 
psychologists Somehow, linguistic abstrac- 
tions are developed by children — for just as 
the reader learned about an invisible X in 
Table 9, children learn about structural fea- 
tures m English that are never presented to 
them 

Phrase-Structure Rules A grammar, we 
have said, represents linguistic knowledge A 
grammatical rule, accordingly, represents a 
bit of linguistic knowledge In the case of a 
rewriting rule such as X -» a(X)b, the knowl- 
edge represented is that a(X) b is a species of 
the genus X The rule itself is simply a means 
of expressing this idea 

Many aspects of language take such a 
form The frog caught a mosquito , for ex- 
ample, is a sentence; the frog and the mos- 
quito both are noun phrases, and caught the 
mosquito, m turn, is a verb phrase Knowl- 
edge of these elementary facts can be repre- 
sented naturally by means of rewriting rules 


Table 10 shows how it is done for the frog 
caught the mosquito Note that each of the 
examples given above, where one constituent 
is an instance of something else, is repre- 
sented m the table by a separate rule The 
derivation makes the genus-species relation, 
as it applies to the sentence, explicit 

It is easy to show that the relations estab- 
lished by the rules in Table 10 correspond to 
facts that speakers of English know about 
the frog caught the mosquito First, if a 
speaker is asked to divide the sentence into 
two major paits, the split will most likely be 
made between the frog and caught the mos- 
quito, that is, between the NP and PredP of 
the first rule If he is now asked to divide 
caught the mosquito mto two parts, the line 
will come between caught and the mosquito , 
that is, between the V and NP of the second 
rule It is very unlikely that a speaker would 
divide the frog caught the mosquito into the 
and frog caught the mosquito, or divide 
caught the mosquito into caught the and 
mosquito Speakers honor the rules because 
the rules reflect information speakers have 
about the sentence This correspondence can 
be revealed m a second way 

Table 10 Rewriting Rules for Producing a 

Simple Declarative Sentence 

1 S >- NP PredP 

2 PredP >- V (NP) 

3 NP ^ Art N 



S 



PredP 



/\ 


Art N 


caught the mosquito 


S = sentence NP = noun phrase PredP = 
predicate phrase Art = article N = noun 
V = verb Rule 2 covers both transitive and 
intransitive verbs, and for this reason has NP 
as an optional development (See Chomsky, 
1965, for a more detailed treatment ) 
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Suppose that we take the frog caught the 
mosquito and try to denve from it another 
sentence m the following manner (Miller, 
1962) We try to find a single word that can 
replace a group of words in the original sen- 
tence, without changing the grammatical 
structure Our interest hes in seeing which 
groups of words can be replaced Replace- 
ments exist only for the constituents of the 
sentence — English has no words that belong 
to no constituents A senes of these denva- 
tions is shown m Table 11, and it can be seen 
that the replacements obtained in this man- 
ner correspond exactly to the derivation ob- 
tained through application of the rules m 
Table 10 We have here hard-core evidence 
for the validity of the rules m Table 10 

The structures portrayed m Tables 10 and 
11 are a part of the phrase structure of En- 
glish Accordingly, the rules m Table 10 that 
produce this structure are called phrase- 
structure rules , and the diagram m the table 
is called a phrase marker The function of the 
rules is to define which constituents of sen- 
tences are superordmate to which other con- 
stituents, to establish the order of constituents, 
to display the grammatical elements of the 
sentence (eg, NP), and to define the so- 
called basic grammatical relations — subject of 
a sentence, object of a verb, etc (See the 
section on “Predication and the Basic Gram- 
matical Relations” above ) The phrase marker 
is the structure produced through application 
of the rules It can be presented a a diagram, as 
in Table 10, or by means of labeled brackets 

( ( (the) (frog)) ( (caugbt) ( (the) (mosquito)))) 
S NP Arat N VP V NP Art N 

includes exactly the same information as 
Table 10, and both represent the structure 
that speakers of English find m the frog 
caught the mosquito 

Note that grammatical rules represent lin- 
guistic structure They describe tacit knowl- 
edge, not explicit knowledge No one claims 
that the rules given in Table 10 are known 
to speakers of English as rules If that were 
actually the case, linguistics could not exist 
as a science — the field would be as pointless 
as would a “science” setting out to discover 
the rules of baseball The distinction is per- 
haps obvious, but its importance justifies 
some elaboration 

One can imagine a series of interpietations 


Table 11 The Result of Replacing Groups 
of Words by Single Words in a 
Simple Declarative Sentence 

A Sentence 

It acted 

The frog acted 

The frog caught it 

The frog caught the mosquito 

Based on Miller, 1962. 

of the rules in Table 19 At the weak end of 
the senes, phrase-structure rules might be 
regarded as summarizing regulanties in be- 
havior In this case, S — > NP PredP means 
that when English sentences occur, they con- 
sist of noun phrases followed by predicate 
phrases There is no interest at this end of 
the senes in representing linguistic compe- 
tence The relevant observations are the fre- 
quency of sentences following the NP PredP 
format, of PredPs following the V NP format, 
and so forth There is no doubt that such ob- 
servations would falsify the weak interpreta- 
tion of Table 10 As a count of the sentences 
appearing m this chapter would reveal, sen- 
tences like the frog caught the mosquito 
simply are not common 

At the opposite extreme, the strong end of 
the senes, the claim is that English speakers 
know the rules m Table 10 m much the form 
that the rules take when written Clearly, 
this claim is false for the vast majonty of 
English speakers 

The midpoint in this senes of interpreta- 
tions is the one intended for Table 10 En- 
glish speakers do not know the rules m Table 
10 But what they do know (it is claimed) is 
represented by these rules. Observations rel- 
evant to the intermediate interpretation have 
to do with a speaker* s intuitions — for instance, 
that the mosquito is a grammatical constituent 
in English, whereas caught the is not As we 
have already seen, such observations support 
this intermediate claim 

Phrase-structure rules, interpreted m the 
intermediate sense, are said to generate sen- 
tence structures A term like “generate” tempts 
us to thmk that speakers actually plan sen- 
tences along the lines outlined in Table 10 — 
they first decide to utter a sentence, then 
decide that the sentence will consist of an 
NP and a PredP, and then, only at the end, 
decide what vocabulary to use Such a scheme 
is one possible, though improbable hypothesis 
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about linguistic performance (Yngve, I960, 
1961, Johnson, 1968) However, this hypoth- 
esis is not part of the grammatical analysis m 
Table 10 A grammar is neutral with respect 
to hypotheses about performance The term 
generate is used by grammarians in a logical 
rather than a mechanical sense As the lin- 
guist Lees once put it, a correct grammar 
generates all the possible sentences of a lan- 
guage m the same way that a correct zoology 
generates all possible animals Both capture 
the structural relations withm their subject 
matter The term generate is used throughout 
this chapter in its logical, nonmechanical 
sense 

The linguistic observations made so far 
serve a fairly obvious purpose The parsing of 
the frog caught the mosquito given m Table 
10 does not require elaborate defense The 
facts are straightforward, and the pnncipal 
merit m discussing them at all is that they 
acquaint the reader with some linguistic nota- 
tion at a point where it is reasonably easy to 
see what the notation means However, there 
are more profound, and psychologically more 
significant, msights entailed by three other 
linguistic concepts, and it is to these concepts 
that we now turn. 

Transformations and the Notions of Deep 
and Surface Structure. In a general way, lan- 
guage can be described as a system whereby 
sound and meaning are related to each other 
That sound and meaning are separate, and 
so need relating, is evident from paraphrase, 
where the same meaning, is expressed m dif- 
ferent patterns of sound (the man pursued 
the woman and the woman was pursued by 
the man), and from ambiguity, where the 
same pattern of sound has different meanings 
( outgoing tuna) Between sound and mean- 
ing stands syntax The relation between sound 
and meaning is therefore understood to the 
degree that the syntax of a language is under- 


stood In this section we examine what is 
known of this relation 

Rationalist philosophers have argued since 
the eighteenth century that sentences have 
both an inner and an outer aspect — the first 
connected with thought and the second with 
sound (Chomsky, 1966) The kind of evi- 
dence that leads to this conclusion, and hence 
to the phenomenon of concern here, is given 
m Table 12 (after Miller and McNeill, 1968) 
The three sentences on the left of Table 12 
all have the same superficial form They start 
with a pronoun, they , followed by are , fol- 
lowed by a progressive form, followed by a 
plural noun Despite superficial identity, how- 
ever, there are clear differences in structure 
among these three sentencs To understand 
the differences, we will eventually need the 
notions of a transformation rule and of deep 
and surface structure 

Sentence (a) differs from sentences (b) 
and (c) m several fairly obvious respects 
One difference is that the two kinds of sen- 
tence accept pauses m different places With 
sentence (a), one might say they — are buy- 
ing — glasses, but probably not they — are — 
buying glasses It is the opposite with sen- 
tences (b) and (c) One could say they — 
are — drinking companions or they — are — 
drinking glasses, but not they — are drinking 
— companions or they — are drinking — 
glasses, unless the reference was to cannibal- 
ism or suicide A second difference is m the 
proper location of articles We have they are 
buying the glasses but not they are the buy- 
ing glasses We have they are the drinking 
companions but not they are drinking the 
companions 

The location of pauses m a sentence is 
fixed by its phrase structure Pauses tend to 
go around constituents, not inside them The 
location of articles is similarly determined by 
phrase structure They go before NPs only 
We can thus summarize the differences be- 


Table 12 

Sentences Paraphrases Nonparaphrases 

a They are buying glasses — — 

b They are drinking glasses. They are glasses to use for They are glasses that drink. 

drinking. 

c. They are drinking They are companions that They are companions to use 

companions. drink. for drinking. 
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tween sentence (a) and sentences (b) and 
(c) by saying that they have different phrase 
structures In particular, the progressive form 
in sentence (a) is associated with the verb 
are , whereas m sentences (b) and (c), it 
has moved over to the plural noun The es- 
sential parts of the three phrase markers are 
as follows (they) ( are buying) (glasses), 
(they) (are) (drinking 'Companions ) 

Sentence (a) and sentences (b) and (c) 
are distinguished m their surface structure 
The difference, as we have seen, has to do 
with the distribution of pauses and the loca- 
tion of articles Surface structure is also in- 
timately connected with stress and intonation 
In general, the surface structure of a sentence 
has to do with phonology — with one of the 
two aspects of language that need to be re- 
lated by syntax 

Let us now look more carefully at sen- 
tences (b) and (c) They accept pauses in the 
same way, they take articles at the same 
places, they are accordingly bracketed m the 
same way, and, indeed, they have the same 
surface structure But it is clear that they are 
not structurally identical throughout They 
differ m a way that is important to meanmg, 
the other aspect of language that is to be 
related by syntax That they differ m meanmg 
can be seen m the paraphrases and nonpara- 
phrases of the two sentences m Table 12 
Sentence (b) means "they are glasses to use 
for drinking,” and sentence (c) means “they 
are companions that drink ” Exchanging the 
form of the paraphrase between (b) and (c) 
leads to a nonparaphrase Sentence (b) does 
not mean “they are glasses that drink” any 
more than sentence (c) means “they are com- 
panions to use for drinking ” Despite the 
identity of surface form, (b) and (c) differ 
importantly m underlying form We shall say 
that they differ in deep structure , saving until 
later a more precise definition of what this 
means First, however, let us note two impli- 
cations that follow from the fact that (b) 
and (c) have the same surface structure but 
different deep structures 

One is that the relation between deep and 
surface structure must be different m the two 
sentences The statement of this relation is 
assigned a special place in a grammar It is 
done by rules of transformation, and it is 
these rules, together with the deep and sur- 
face structure of sentences, that embody the 


connection between sound and meanmg m a 
language The reader will have realized, of 
course, that in a statistical sense, sentences 
(b) and (c) are freakish The vast majority 
of sentences that have different deep struc- 
tures and different transformations also have 
different surface structures Sentences (b) 
and (c) happen not to, but for this very rea- 
son they convemently illustrate what is true 
of all sentences Every sentence, however 
simple, has some kmd of deep structure re- 
lated to some kmd of surface structure by 
means of certain transformations The sub- 
stance of grammar consists of making ex- 
plicit these three terms 

The second implication of the difference in 
paraphrase between sentences (b) and (c) 
is that the deep and surface structures of sen- 
tences are not identical This is evidently true 
of at least one of these sentences, (b) or (c) 
In fact, it is true of all sentences Transforma- 
tions provide enormous flexibility in develop- 
ing surface structures from deep structures, 
and this advantage has been pressed by lan- 
guage in even the most elementary sentence 
types (an example with simple declaratives is 
given below) Thus the deep structure of 
every sentence is abstract in the sense given 
above The underlying structure, the part 
connected with meanmg, it not present in the 
overt form of any sentence The existence of 
linguistic abstractions is a universal phenome- 
non — acquisition of them is a basic fact 
about the development of language and on 
its success rests the emergence of all adult 
grammar It would be impossible to under- 
stand sentences (b) and (c) correctly if this 
were not so 

All these concepts — deep structure, surface 
structure, linguistic abstraction, and the way 
transformations tie them together — can best 
be seen m an example The one we shall use 
is borrowed from Miller and McNeill 
(1968) and is based on Chomsky (1957) 
Consider the following sentences 


He walks 
They walk 
He walked 
They walked 


(present singular) 
(present plural) 
(past singular) 
(past plural) 


These four sentences mark two distinctions 
number (singular and plural) and tense 
(present and past) Number is marked both 
in the form of the pronoun and in the m- 
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flection of the present-tense verb Tense is 
marked in the inflection of the verb Let us 
focus on the verbs, for it is here that a trans- 
formation becomes involved 
There are three verb suffixes —s, —</> 
(which means null, but is a suffix all the 
same), and —ed They encode information 
of a certain type, namely, the form of the 
verbal auxiliary, so we might suppose that 
this information can be expressed by a re- 
writing rule of the type already discussed If 
we label the genus part of the rule C, then 
we can use the following context-sensitive 
rule 


—s m the context NP 


sing 


-<P m the context NP„ 


pl 


-ed 


and summarize all four of the sentences above 
by a single schema NP + V-C 
Let us now complicate the sentences 
slightly by incorporating an auxiliary verb, 
be, and see what happens to C 


He is walking 
They are walking 
He was walking 
They were walking 

The first thing to note is that using a form of 
be adds -mg to the following main verb C, 
for its part, has moved forward It is no 
longer attached to the mam verb but to the 
auxiliary, and we have he-s (pronounced is) , 
be - 0 (pronounced are), and be-ed (pro- 
nounced was or were, number being marked 
on past-tense verbs in this case — a detail we 
can ignore) The schema for these sentences 
therefore is, NP + be- C + V-mg 

Next, consider the effect of adding a 
different auxiliary verb, a form of have, to 
the original sentences In doing so, we obtain* 


He has walked 
They have walked 
He had walked 
They had walked 


The mam verb again takes a suffix, this time, 
-ed, and C again moves forward to the aux- 
iliary It is the same therefore as when be is 
the auxiliary, except that different pronuncia- 
tion rules are involved (have-s is has , have-<t> 


is have, have-ed is had) and the main-verb 
suffix is -ed, instead of -mg By indicating 
these changes, we obtam the schema NP -f 
have-C + V-ed, for the use of have as an 
auxiliary 

The two auxiliaries can be combined, of 
course, as m these sentences 

He has been walking 
They have been walking 
He had been walking 
They had been walking 

Both auxiliaries have the effects already 
demonstrated Be adds the suffix -mg to the 
following verb and have adds a "past” suffix 
to be (In this case, it is be-en, anothei dif- 
ference m detail that we can ignore ) C also 
follows its pattern, for it is still attached to 
the first auxiliary verb The schema therefore 
is NP + have- C + be-en -f V-mg 

These sentences can be complicated still 
further by adding one of the modal auxiliaries 
Modals are the words will, can , may, shall, 
must Let us add will 

He will have been walking 
They will have been walking 
He would have been walking 
They would have been walking 

C has moved forward again, attached now to 
the modal Have still adds a "past” inflection 
to the following be, and be still adds -mg to 
the following mam verb The schema thus is 
NP -I- M-C 4- have + be-en + V-mg, where M 
stands for "modal ” 

It is evident from these examples that C 
always appears with the first member of an 
auxiliary construction, no matter how long 
this construction is The location of C is a 
fact known to all speakers of English — he 
will had been walking obviously is not the 
way to indicate past tense in an auxiliary 
construction Part of an English speakers 
competence thus has C at the start of a verb 
phrase Another part involves the contingency 
between have as an auxiliary and a following 
"past” inflection, as well as the contingency 
between be as an auxiliary and the following 
-mg Let us try to represent these facts about 
competence by constructing a rule that meets 
the following two conditions, (1) the true 
order of elements is maintamed, and (2) ele- 
ments contmgent on one another are placed 
together This will lead to a simple solution 
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Meeting the first condition requires placing 
C first, then M, then have , and finally be 
Since C appears m every sentence, our rule 
must make it obligatory The remaining con- 
stituents, however, are optional, so we write 
them with parentheses Let us call the whole 
construction “auxiliary/' abbreviate it “Aux,” 
and put down the following rule 

Aux-* C (M) (have) (be) 

The following mam verb V is omitted from 
this rule because it is introduced along with 
Aux by the PredP rule, which is now enlarged 
to read 

PredP — » Aux V (NP) 

The Aux rule is still incomplete, since it 
does not yet meet the second condition The 
contingencies to be represented are that have 
goes with - en (or -ed), and be goes with -mg, 
so we write these elements together, and 
thereby produce the following 

Aux-»C (M) (have-en) (be-mg) 
after which there will always be a V 

We now have all but one of the rules nec- 
essary to generate the examples previously 
given The missing one, a transformation, will 
be provided shortly However, in order to 
see the need for the transformation, and to 
appreciate the role it plays m representmg 
the structure of these sentences, we should 
first see the result of producing sentences 
without it The structural relations to be ex- 
pressed by the transformation will be those 
not expressed by the rules already developed 
If we have done our job well, the division 
between the two kinds of rules, the trans- 
formation and the phrase-structure rules, will 
correspond to a real division between two 
lands of structural information within sen- 
tences 

Figure 12 contains a phrase marker gen- 
erated by the phrase-structure rules presented 
m the preceding paragraphs Note that the 
order of elements at the bottom of the phrase 
marker is they + Fast + will + have + en 
4- be 4- mg + walk This string and its as- 
sociated structure is the deep structure of 
they would have been walking The surface 
structure is a specific instance of the last 
schema given above — they 4- Will-Past + 
have + be-en + walk-mg The deep structure 
thus differs from the surface structure in the 
order of affixes and verbs* Accordingly, it is 
abstract m the sense used here, since the 



Pronoun 




They 


Past 


will have-en be-mg walk 


Fig 12 Deep structure of they would have 
been walking 


deep-structure order nevei appears overtly 
It is important to realize, nonetheless, that 
the deep structure in Fig 12 reflects actual 
linguistic knowledge — the information sum- 
marized by C is always first m a predicate 
phrase, have and - en do always appear to- 
gether, just as be and -mg do 

The deep structure therefore must be 
transformed to obtain the surface structure 
The tranformation is simple wherever the 
sequence affix-verb appears m the deep struc- 
ture, change the order to verb-affix (Chom- 
sky, 1957) If the reader applies this trans- 
formation, he will find the surface structure 
of they would have been walking rolling out 
quite automatically 

There remains one important point Note 
that the linguistic information expressed by 
the phrase-structure rules in generating they 
would have been walking is fundamentally 
different from the information expressed by 
the transformation rule Which is to say that 
the distinction between the two is linguisti- 
cally meaningful The former rules define such 
matters as the genus-species relations within 
the sentence (eg, they is an NP), estabhsh 
the basic order of elements (e g , C is first in 
the PredP), and indicate what the elements 
are (eg, have-en is an element) Informa- 
tion of this kind is essential for obtaining the 
meaning of the sentence The relations just 
mentioned, among others, are exactly what 
we understand of they would have been walk- 
ing 

The transformation, m contrast, makes no 
contribution to meaning It exists only be- 
cause sound and meaning are not identical m 
English (or any language), and its sole pur- 
pose is to state the relation between them 
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The distinction between phrase-structure and 
transformation rules is thus fundamental to 
the analysis of language Without it, the in- 
sight that sound and meaning are separate 
in language would be lost, and to suggest, as 
some have done, that transformations are 
methodologically unsound because they lead 
to arbitrary linguistic solutions, is to miss the 
entire pomt of transformational grammar 

The distinction between sound and mean- 
ing is a basic justification of transformational 
grammar, but the use of transformations in 
grammatical analysis is supported by other 
arguments as well One is economy If we 
dispense with transformations and try to gen- 
erate sentences with phrase-structure rules 
alone, the result becomes unnecessarily com- 
plex The sentences given above, for example, 
require eight different and mdependent 
phrase-structure rules, one for each combina- 
tion of auxiliary verb and C, instead of the 
single phiase-structure rule required when a 
transformation is allowed Without the trans- 
formation, we would need at least the fol- 
lowing rules Auxj V-G, Aux 2 be - C + 
V-mg, Aux 3 -» have- C 4- V-ed, Aux 4 -» have- 
C + be-en + V-mg, Aux 5 -> M-C + V, Aux 0 

M-C + be + V-mg, Aux 7 M-C + have + 
V-ed, and Aux 8 -» M-C + have + be-en + 
V-mg Note that these rules cannot be col- 
lapsed onto one another by means of the 
parentheses notation used before, since there 
is no way to locate C correctly if optional ele- 
ments are introduced, The phrase-structure 
version of the auxiliary therefore not only 
overlooks valid linguistic generalizations — 
such as the fact that C always appears first 
in the auxiliary, or that theie is an auxiliary, 
or that - mg depends on be and not on V — but 
it is simply cumbersome Relative economy is 
always an argument in support of one theo- 
retical interpretation over another, and using 
it in the present case inclines the balance 
toward a transformational grammar 

The argument of economy has special sig- 
nificance m the context of language acquisi- 
tion We prefer to think of children doing 
the simpler thing, whatever that might be 
In the case of linguistic development, the 
simpler thing is to acquire a transformational 
grammar instead of a phrase-structure gram- 
mar Accordingly, it is the former that we 
suppose is learned 

The affix-transformation used in generating 


the English auxiliary verb is one rule within 
a vast and intricate network of transforma- 
tions making up the language Passive sen- 
tences, negation, questions of various kmds, 
conjunctions, complements, and many others, 
all depend on transformations The technical 
literature dealing with these rules is large and 
sophisticated, rather than summarizing it here, 
a task almost as unnecessary as it is hopeless, 
the interested reader is encouraged to turn 
to original sources A book edited by Fodor 
and Katz (1964) contams a number of sig- 
nificant papers In addition, one should look 
at Chomsky (1957, 196,°, 1964, 1965, 1966), 
Chomsky and Miller (1963), Chomsky and 
Halle (1966), Fillmore (1965), Katz (1966), 
Katz and Postal (1964), Miller and Chomsky 
(1963), Postal (1964), and Bach and Harms 
(1968) A review of transformational gram- 
mar written for psychologists is contained in 
Miller and McNeill (1968) 

There is one set of transformations of spe- 
cial significance, however, and this section 
will conclude with a discussion of them Re- 
call the artificial language presented in Table 
9 Its “sentences” were built like an onion — 
such structures as (a(a(ab)h)b) The rule 
given to generate the “sentences” m Table 
9 was X— $► a(X)b, m which there is an ab- 
stract recursive element, X This much is 
phrase structure and it has an exact analogy 
in English (and all other languages) 

In developing the deep structure of any 
sentence, it is possible to include the element 
S, thus calling foi the insertion of another 
deep structure at that pomt That sentence, 
in turn, may also have an S in it, calling for 
the insertion of yet another deep structure, 
and so forth The result is the same onion- 
like structure presented m Table 9, and it has 
the same effect — makmg unlimited produc- 
tivity possible through recursion Figure 13 
shows a succession of such deep structures, 
each with another deep structure embedded 
within it 

Figure 13 is the result of applying phrase- 
structure rules alone It is, m other words, 
the deep structure of ( the ostrich (that was 
terrified by the zebra ( that the hunter shot ) ) 
stuck its head in the sand), a sentence with 
two relative clauses English employs several 
tranformations to develop this surface struc- 
ture from the deep structure in Fig 13 In 
discussing them, we shall use terminology 
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Fig. 13 Deep structure of the ostrich that was terrified by the zebra that the hunter shot stuck its 
head in the sand 


suggested by Lees (1960) and call the struc- 
ture containing S the matrix and the S con- 
tained the constituent Thus D3 m Fig 13 is 
the constituent of the matrix D2, and both 
are the constituent of the matrix D1 In Fig 
13, D3 is only a constituent, D1 is only a 
matrix, but D2 is both — a matrix for D3 and 
a constituent (containing D3) for D1 
These three components are complete 
structures unto themselves If developed in 
isolation (ignoring the S m D1 and D2), 
each would result m a sentence D1 is the 
deep structure of the ostrich stuck its head m 
the sand, D2 is the deep structure of a pas- 
sive sentence, the ostrich was terrified by the 
zebra, and D3 is the deep structure of the 
hunter shot the zebra It is obvious that more 
is required in combining these elementary 
structures than simply applying the transfor- 
mations that each calls for alone — the auxili- 
ary transformation m every case, and the 
passive transformation in D2 Doing only this 
much produces non-English the ostrich was 
terrified by the zebra the hunter shot the 
zebra stuck its head m the sand To avoid a 
word salad like this, an embedding transfor- 
mation must delete double occurrences of 
the same NP, Not every NP repeated in an 
English sentence need be deleted, of course 


The ostrich stuck its head m the sand and the 
ostrich ate the worm is grammatical even 
though redundant or ambiguous However, 
in the case of an embedded relative clause, 
deletion must occur, and the rule is that when 
the same NP is both a matrix subject and a 
constituent object, the object-NP is moved to 
the front of its sentence structure and re- 
placed by the word that Let us call this 
operation the deletion transformation In the 
case of Fig 13, it produces the ostrich that 
the zebra that the hunter Past -{-shoot Past - H 
terrify by+Passive Past+stuck its head in the 
sand Applymg the auxiliary transformation 
to this structure wherever called for (eg. 
Past-shoot becomes shot), and the passive 
transformation to D2, the surface structure, 
of which Fig 13 is the deep structure, rolls 
out (Actually, such “singulary” transforma- 
tions are all applied first to the most deeply 
embedded S, then to the next most deeply 
embedded S, and so on up to the top, before 
the embedding transformations are applied 
See Chomsky, 1965, for a discussion of such 
transformational cycles ) 

Again, notice that a natural distinction 
exists between the information contained in 
the transformation and the information con- 
tained m the deep structure As before, the 
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information m the deep structure has to do 
with meaning and that of the transformation 
with the relation between sound and mean- 
ing When one understands a relative clause, 
he grasps the fact that there are two or more 
deep structures, one mserted m the other, 
with the deletions not performed Whether 
one obtams the meanmg of the ostrich that 
was terrified by the zebra that the hunter shot 
stuck its head m the sand depends on know- 
ing that the first that means ostrich and the 
second that means zebra, which is to disre- 
gard both deletions m the semantic interpre- 
tation of the sentence 

There is one more pomt important in this 
brief introduction to syntax If transforma- 
tions are correctly stated m a grammar, they 
apply automatically whenever the proper con- 
ditions exist m the deep structure In other 
words, transformations are obligatory (Chom- 
sky, 1965, Katz and Postal, 1964) The speci- 
fication of the 4 proper” conditions is done by 
the structural index of a transformation and 
setting it down is an important part of writ- 
ing a transformational rule Should the struc- 
tural index be wrong, a transformation will 
inevitably relate wrong deep and surface 
structures, even though the operations de- 
scribed m the transformation and themselves 


correct for the appropnate cases To supple- 
ment the rules already mentioned, then, we 
must add that the auxiliary transformation 
applies to any occurrence of affix + V, the 
passive transformation to any occurrence of 
NP t , Aux, V, NP 2 by 4- Passive (the 
subscripts indicating that the two NPs must 
be different and the dots indicating that 
other, unspecified, material can be inserted), 
and the relative-clause transformation to any 
case where the matrix-subject and the con- 
stituent-object are the same NP The struc- 
tural mdex is clearly part of grammatical 
knowledge Applying the lelative-clause 
transformation to two deep structures where 
the subject and object-NPs are different re- 
sults m a sentence that expresses the wrong 
meaning If, for example, the deep structures 
of the ostrich stuck its head m the sand and 
the ostrich ate the worm are connected by the 
lelative-clause transformation, meanmg shifts 
and the result becomes something out of 
Alice m Wonderland — the ostrich stuck its 
head in the sand that ate the worm Since 
violation of the structuial index of a tiansfor- 
mation leads to an mappiopnate expression 
of meanmg, it is evident that the structural 
mdex is a part of the relation between mean- 
ing and sound 
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16 . Development of Mental Abilities 1 * 


NANCY BAYLEY 


With the 1905 publication by Bmet and 
Simon of the first version of their tests of in- 
telligence, a practical device became avail- 
able for use in the measurement of mental 
abilities These tests, and their successive re- 
visions and adaptations by the original au- 
thors and then by others (in the United 
States, for example, Goddard, 1910, Kuhl- 
mann, 1912, 1939, Terman, 1916, Terman 
and Merrill, 1937, 1960) , inaugurated a new 
field m psychology and education The men- 
tal test soon became an established tool for 
use in research, m diagnosis, and in theoreti- 
cal formulations about intelligence 

In the 60 years since its inception, the men- 
tal (or intelligence) test has undergone many 
changes and refinements, and it has had a 
profound influence on theories of the nature 
of mental processes as well as on the methods 
of investigation into mental abilities 

The early history of mental testmg has been 
ably reviewed a number of times, and need 
not be repeated here Reference may be 
made, for example, to Goodenough (1949, 
1954), Jones (1954), Hunt (1961), Anastasi 
(1961), and Tuddenham (1968) 

DEFINITION 

In the first 10 or 15 years of the use of 
tests of intelligence a controversy developed 
over the definition of “intelligence * Although 
there was much m common among the vari- 

* This research was supported 1 in part by Grant 
MH08135 from the National Institute of Mental 
Health, United States Public Health Service I 
am indebted to John R Beid for critically revis- 
ing the manuscript 


ously worded definitions, theie were two 
prmcipal areas of difference (1) There was 
disagreement over whether intelligence is a 
general unitary function on the one hand or 
a composite of several or many more or less 
independent abilities on the other (2) There 
was disagreement over whether intelligence is 
innate, and grows m a child m somewhat the 
same way as he grows m stature, or whether 
mental abilities are learned and thus increased 
or decreased in accord with the degree of en- 
richment or impoverishment of a child’s en- 
vironment Although the controversy has 
waxed and waned, it has never been quite 
resolved This failure of resolution may be 
only an indication of our lack of information 
and the need for further research m this area 

THEORIES OF INTELLIGENCE 

The efforts to define intelligence reflect 
the wide range of interpretations of its nature 
and causal determinants They range from 
strongly genetic onentations “an inherited 
capacity of the individual which is manifested 
through his ability to adapt and to reconstruct 
the factors of his environment in accordance 
with his group" (Boynton, 1933), or “by in- 
telligence, the psychologist understands in- 
born, all-round, intellectual ability" (Burt et 
al, 1934), through neutral descriptions of 
mental processes such as Terman’s “ability to 
carry on abstract thinking" (1925), Thorn- 
dike’s ability “to make good lesponses from 
the pomt of view of truth or fact" (1926), 
and Wechsler s “the aggregate or global ca- 
pacity to act purposefully, to think ration- 
ally and to deal effectively with [one’s] en- 
vironment" (1958), to emphasis on the role 

llfiS 
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of the environment, as in Hunt’s (1961) 
“intellectual capacities based on central proc- 
esses hierarchically arranged within the 
intrinsic portions of the cerebrum [proc- 
esses] approximately analogous to the strate- 
gies for information processing and action 
with which electronic computers are pro- 
grammed [Therefore,] assumptions that in- 
telligence is fixed and its development is 
predetermined by the genes are no longer 
tenable” An even more strongly environ- 
mental position is expressed by Hayes ( 1962) , 
who concludes that “manifest intelligence is 
nothing more than an accumulation of learned 
facts and skills innate intellectual poten- 
tial consists of tendencies to engage m activi- 
ties conducive to learning, lather than 
inheiited capacities, as such ” What may be 
the most extreme pro-enviionmental position 
has been expressed by Liver ant (1960), who 
holds that “the behavioral realm typically as- 
cribed to intelligence [is] withm the confines 
of modem learning theory, particularly a so- 
cial learning theory ” 

A close examination of the views held by 
the proponents of each of these definitions 
would reveal that either (1) for those who 
make the simpler, more general statements, 
theie has been little concern about or ex- 
ploration into the details of the piocesses of 
intellectual function, oi (2) among those 
who do try to understand the detailed proc- 
esses, incomplete knowledge still forces them 
to make unverified assumptions In the second 
instance there is always the danger of personal 
bias and preference m the assumptions made 
and m the consequent conclusions 

With the accumulation of recent empirical 
data it has become increasingly evident that 
mental abilities as measured by standard tests 
are a function of (or the end product of) 
many determinants These determinants in- 
clude, first, the human organism with its basic 
complement of neurons, sense-perceptors, 
motor reactors, hormones, enzymes along with 
their related organizing tendencies for action 
and reaction to the environment There is 
much still unknown about the determinants 
of individual differences among all these — 
differences that may be a function of many 
things, including chromosome patterns, some 
of which now appear to be sex-linked They 
may include complex inherent differences m 
rates of maturing of the various biological 


structures and functions, as well as of their 
ultimate potential 

There is the possibility also of various kinds 
of prenatal and paranatal “environments” re- 
sulting m damage or interfering with the de- 
velopment of optimal function Postnatally, 
there is a wide range of environmental factors 
which may alter differentially the manner and 
degree, at successive maturational stages, of 
the organism’s utilization of its potential 
These aspects of the environment may be 
classed m several ways, for example (1) 
enrichment versus impoverishment of relevant 
stimuli, (2) the specific relevance or lack of 
it, m terms of meaningful positive and nega- 
tive “feedback,” for specific behaviors, and 
(3) the emotional climate, whichxmay be one 
of pervasive warmth and approval, fostering 
security, or it may be a climate of disapproval 
and hostility — conditions that tend to cause 
anxiety and insecurity, thus interfering with 
“clear-headed” leasonmg, problem-solving, 
and cunosity, that is, an impetus to explore, 
to learn and to find answers to questions On 
the physical side, (4) mental abilities may be 
adversely affected, either before or after birth, 
by nutritional deficiencies, severe infections, 
or genetically determined blood-group incom- 
patibilities 

Children’s mental abilities, as measured by 
records of their performance, whether on in- 
telligence tests, achievement tests, graded 
series of learned tasks, or other measuies of 
specific abilities, are always end-pioducts of 
the total prior complex of intei actions among 
these multiple determinants It is to be ex- 
pected that there will be differential effective- 
ness of these various causal factors, between 
different children, and at different ages, as 
well as among the different types of ability 
If we keep m mind the preceding list of com- 
plexities involved m the development of men- 
tal abilities, it becomes clear that those 
definitions of intelligence that stipulate either 
heredity or environment as its primary de- 
terminer, patently rest on false assumptions 
On the other hand, broad definitions such as 
Thorndike’s and Terman’s do little moie than 
orient us to the general class of mental proc- 
esses under consideration, and those that refer 
loosely to the interaction of the growing 
organism with its environment add very little 
information about the specific determiners of 
intelligence. 
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There is, however, an increasing body of 
knowledge which, when properly integrated 
should afford us some understanding of the 
nature of mental abilities and the processes 
involved m their development 

DEVELOPMENTAL ASPECTS OF 
MENTAL ORGANIZATION 

In the developing human organism the 
earliest behaviors are not clearly differenti- 
ated, but would seem to be the precursors of 
sensory, perceptual, and motor processes, and 
thus basic to developing mental abilities The 
first action of the fetus is an independent 
motor function, the rhythmic heartbeat which 
occurs at about 3 weeks gestational age 
( Carmichael, 1 954 ) Simple reflexes involving 
neural function have been noted first m the 
fetus at about 8 weeks (Hooker, 1943) By 
the time the infant is bom, at term, he is 
equipped with some 27 reflexes, which serve 
to carry on the extrautenne processes of life 
These include responses to the various organs 
of sense, vision, hearing, temperature, taste, 
equilibrium, touch, and pressure 

The manner in which these earliest neuro- 
muscular structures and functions develop has 
recently been described by Anokhin (1964), 
who summarizes a senes of studies earned 
out in Russia and elsewhere, and presents a 
theory of systemogenesis as the regulator of 
developing nervous activity Anokhin pomts 
out that for any species, certain adaptive 
functions must necessarily “be ready at the 
moment of birth ” He goes on to cite expen- 
ments that show specific departures from the 
general mle of the cephalocaudal sequence of 
development proposed by Coghill (1929) 
development is most advanced at the head, 
and the temporal order of development pro- 
ceeds from the head downward and from the 
body out to the extremities (hands and feet) 
Instead, as Anokhin pomts out, we find 
superimposed on this general trend another 
organizing principle Neural fibers that had 
previously shown quite mdependent develop- 
mental processes will at a given stage grow 
rapidly and coordmate to produce a new 
functional unit Such combinations occur re- 
peatedly, each one timed to materialize at a 
particular stage in the developing organism, 
so that an appropriate (though often, imma- 
ture) reflex is functional at a crucial point m 


the growth process For example, the sucking 
reflex in the newborn involves the facial nerve 
At a certain stage m development there is a 
rapid growth of those fibers that activate 
cheek muscles to contract in such a way 
as to permit suction, yet at the same time 
other facial muscles have not yet reached a 
comparable maturity of function Another ex- 
ample is seen m the grasping reflex, which 
can be detected as early as the fifth prenatal 
month In this instance the nerve that in- 
nervates the flexor muscles of the fingers 
matures before other nerves m the forearm 
Necessary for such a functional system is 
an integrative organization of the various 
parts, but also necessary are a receptive ap- 
paratus, and central as well as peripheral 
structures, which afford “an afferent feed- 
back about the achieved final adaptive effect ” 
“The functional system as represented m an 
adult does not appear from the beginning 
m mature form” but it “begins to play an 
adjusting role in the life of the newborn long 
before its complete and definite maturation ” 
Although the studies he cites are primarily of 
the fetus and newborn, Anokhin (1964) pro- 
poses that the principles denved from them 
might well apply to postnatal development 
of the brain and its functions 

Certainly there is evidence that the proc- 
esses of myehmzation of nerve fibers con- 
tinue during the first 3 or 4 postnatal months 
(McGraw, 1943) Durmg this period the in- 
fant’ s reflexive behaviors mature rapidly, and 
many of them are soon replaced by voluntary, 
more complexly adaptive responses It may 
well be hypothesized therefore that such proc- 
esses of neural integration relevant to de- 
veloping mental abilities may continue to oc- 
cur in later development, although at a much 
slower rate The organizers of later neural 
integrations would probably be more complex 
and under different (perhaps enzymatic) con- 
trols 

Such a form of continuing neural integra- 
tive action, or “systemogenesis,” would be 
congruous with available information on the 
behavioral aspects of developing mental abili- 
ties That is, increasingly complex abilities 
with different mental “factors” emerge at 
successive pomts in the child’s development 
As long as these integrative neurological 
processes play a role m the developing or- 
ganism, they may play a role in controlling 
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the rates at which mental growth occurs This 
role could operate differentially among chil- 
dren with different inherent patterns of ma- 
turation On the other hand, specific training 
(including practice) might also serve to speed 
up the processes of higher integration and 
thus allow the child to function at a more 
abstiact level 

If, by mhentance of mental abilities, we 
mean that there are inherited individual dif- 
ferences m the facility and degree to which 
“systemogenesis” takes place, then the find- 
ings from studies of learning and of “im- 
poverished” versus “enriched” as well as other 
types of environments would all fit into a 
reasonable pattern m which these mheient 
trends in maturation would be letarded 01 
accelerated by relevant environmental con- 
ditions Information about the relation to age 
of different kinds of mental ability, or “fac- 
tors” of intelligence, may indicate the extent 
and manner in which such inherent neural 
integrative piocesses may continue over the 
life span 

INTELLIGENCE TESTS THE MEASURING 
INSTRUMENTS 

The assessment of a child’s mental abilities 
is made by means of carefully standardized 
tests, which are graded m difficulty The 
items m these scales may be thought of as 
problems or tasks, and the solutions or correct 
responses to these items are samples of the 
child’s capacity to think or to reason — that is, 
of his intelligence The first of these scales, 
the Binet-Simon, was designed to assess abil- 
ity to do schoolwork In a general way, the 
character of the tasks set m those original 
tests has been maintained on subsequent tests 
Problems of authmetic, of verbal reasoning, 
of general mformation, of discriminating com- 
plex spatial relations, and the like, as well as 
vocabulary, are all carefully selected accord- 
ing to several criteria The tasks must be of 
such a nature that they aie approximately 
equally familiar (or strange) to all of the 
children in the population for which they are 
relevant. They must be reliable (le, they 
must yield stable scores that will be essen- 
tially unchanged on repetition of the test 
after a short interval) Each type of task must 
contain items ranging from relatively simple 
to difficult, and the entire scale must show 


increasing difficulty as measured by the scores 
earned by children of successively older ages 
The tests must be “valid” measures of the 
mental functions they purport to test — a cri- 
terion that presupposes an agreed upon and 
consistently applicable definition of the term 
which designates the mental function m ques- 
tion The tests must be administered m a 
standard way so that the problems set will 
be the same for all children who take them 

Finally, the norms or standards of the test 
scores must be based on tests given to a large 
number of persons, selected to represent the 
ages for which the tests are intended and the 
populations on which the tests are to be used 
This reference population is usually selected 
to be a repiesentative subsample of a country 
(say, the United States) m such matters as 
socioeconomic, demogiaphic, and ethnic dis- 
tribution In other words, a standard test is 
meant to sample mental abilities m such a 
way that the scores of a given individual 
state his position lelative to the average per- 
son the same age, and from the same general 
population, or else to a specified sample with 
known limiting charactenstics For an exam- 
ple of a limiting condition, tests may be 
standardized for use with blind or deaf chil- 
dren 

Mental tests are divided according to the 
manner of their administration into individual 
and group tests The first tests were in- 
dividual That is, a test was given to each 
child separately by an examiner who asked 
questions and then recorded the child’s re- 
sponses, or supervised his drawings and writ- 
ten responses This procedure insures the sub- 
ject’s greatest attention to and effort m 
appropriately carrying out the tasks at hand 
It enhances the validity and reliability of the 
scores Howevei, it is a very time-consuming 
and therefore expensive procedure 

In order to obtain scores on large numbers 
of persons in a short period of time, the tests 
were adapted for group use Printed forms 
and pencils could be distributed to an entire 
roomful, and the group could then be in- 
structed to mark answers according to a for- 
mal set of directions Group tests are widely 
used m schools, m military installations, and 
in other situations where it is important to 
test large nunjbers quickly Group tests work 
best with testees who can read, who are 
familiar with the pencil and paper operations 
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required, and who are well motivated to 
succeed If the scores obtained are less ac- 
curate than those from individual tests, they 
nevertheless are adequate for assessmg rela- 
tive abilities or averages for groups (eg, a 
school population) They also are useful 
screening devices the few peisons whose 
scores are very low or very high on a group 
test can then be tested individually to obtain 
more accurate evaluations of their capacities 

Individual Tests 

Probably the best-known and most-used in- 
dividual intelligence test m the United States 
is the Stanford-Binet This revision of Bmet’s 
French tests was first published m 1916 by 
Lewis M Terman It was quickly adopted by 
psychologists and educators and so on became 
widely used This test covered the ages 3 to 
18 years, the items were arranged by age, 
according to then difficulty, with six tests at 
each year through age 10, after which tests 
were set at 2-year intervals with eight items 
at year 12, and six at each of years 14, 16, 
and 18 Mental ages were calculated on the 
basis of the number of tests passed, each item 
weighted according to the number of tests 
at the age-level That is, each 6-year item is 
worth 2 months’ credit, a 12-year item counted 
4 months, and so on The total months cred- 
ited, including the first 3 years and all items 
passed, became the mental age Mental age 
(MA) divided by the child’s chronological 
age (CA) gave the IQ, or intelligence quo- 
tient For persons 16 years and older, 16 years 
was used as the CA for obtaining the IQ This 
general procedure for obtaining scores on the 
intelligence tests had grown up gradually, 
from the earlier versions of the scale Another 
revision of the Binet Scale was made by 
Kuhlmann (1912), and for a time it had 
considerable use, in part because it included 
tests for infants at 3, 6, 9, 12, 18, and 24 
months However, it soon lost out to the 
Stanford revision, which was simpler to give 
and score 

In 1937 Terman and Merrill published an 
extensively revised Stanford-Bmet with two 
equivalent forms, L and M This revision 
covers the ages 2 years to superior adult, al- 
though in contrast to the mam portion of the 
scale the standardization was less adequate 
for the 2- and 3-year tests Another revision, 
in 1960, updates some of the materials, and 


offers a smgle form, L-M, which is a selection 
of the best parts of scales L and M and with 
improved norms for years 2 and 3 
In this newest revision, the CA/MA ratio 
was dropped as the method of obtaining the 
IQ Instead, deviation IQs were derived from 
the means and standard deviations of the 
mental age scores obtained for the standard- 
ization sample, at each year m childhood and 
m the tested sample of adults In this way the 
authors followed procedures which had previ- 
ously been established for tests of adults, 
whose scores on mental tests change very 
little with increasing age 

The concept of mental age had grown out 
of the finding that school-age children’s per- 
formance on the tests inci eases at a steady 
rate in relation to their chronological age 
However, at a stage somewhere near 13 to 
16 years, the rates of mental growth diminish 
and the yearly increments m mental ability 
grow smaller Clearly a year of mental growth 
is not the same at all ages Foi example, the 
change from 15 to 16 years is not the equiva- 
lent of the change from 9 to 10 years The 
use of standard scores based on a person’s 
standing relative to his age-peers yields the 
most adequate measure of that person’s rela- 
tive intelligence at a given time, and of the 
stability of his mental growth as measured in 
tests at different times It avoids the difficult 
problem of adjusting for unequal rates of 
mental growth at different ages 
With increasing use of intelligence tests, 
not only for children, but also for adults, a 
number of both individual and group tests 
were designed for the purpose of testing 
adults These tests served two purposes Their 
content was specifically appropriate for adults 
and consequently appealed to them and re- 
sulted in good motivation to succeed Also, in 
contrast to the earlier scales for children, the 
new tests were designed to have more “top” — 
that is, to include more difficult tasks, which 
tapped the more abstract mental processes 
The added levels of difficulty produced a 
relatively discriminating instrument for identi- 
fying highly intelligent adults 

Of the adult individual tests the best known 
and most widely used are those of David 
Wechsler The first version, published in 1939, ’ 
known as the Wechsler-Bellevue Intelligence 
Scale (W-B), has norms for ages 10 through 
49 years The W~B is composed of 10 sub- 
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scales, 5 verbal and 5 performance, plus an 
eleventh vocabulary subscale The raw scores 
on each subscale were converted to scale 
scores on the basis of the means and SDs 
(standard deviations) of the total tested pop- 
ulation (ft =1750), which ranged m age 
from 7 to 65 yeais These scale scores were 
then summed to give point scores for the 5 
verbal, the 5 performance, and the 10 full- 
scale tests Vocabulary could be treated as a 
separate scale or, by prorating the scale scores, 
included in the verbal scale IQs were ob- 
tained for successive ages by conversion from 
standard scoies based on the means and SDs 
of point scoies at each age interval The mean 
point scoie was assigned an IQ of 100, and 
each standard deviation from the mean was 
equated to 15 IQ points This is m essence 
the same procedure that has been used for 
most adult scales, and which (as we have 
noted) was later used for obtaining IQs m 
the 1960 Stanford-Bmet 

Smce the original 1939 scale, Wechsler has 
published a number of scales of intelligence, 
all of them along the same general plan, and 
all tests to be administered individually Form 
II of the W-B was pubhshed m 1946, for use 
as an alternate form of the scale for adults 
This form of the scale was later extended 
downward to approximately 5 years and pub- 
lished in 1949 as the Wechsler Intelligence 
Scale for Children (WISC) The 1955 Wechs- 
ler Adult Intelligence Scale (WAIS) is a re- 
vision of the original W-B form I Among 
other changes, this revision extends the upper 
levels of the scale to include more difficult 
items, and thus m comparison with the orig- 
inal version permits more discriminating scores 
among adults of superior intelligence, This 
revision also is standardized on a more ade- 
quate sample of older people, and includes 
norms for scoring at ages 16 to 74 years and 
over The latest m this senes of scales, the 
Wechsler Preschool and Primary Scale of In- 
telligence (WPPSI) was published m 1967 
Designed for use with young children, this 
scale has norms for scoring at 11 ages from 
4 to 6J4 years Wechsler states (1967) that 
about 4 years is the youngest age at which 
one can, as a practical operation, obtain a 
measure of “global intellectual capacity” by 
using tasks the same as or similar to those he 
includes m his scales at later ages The three 
most recent of his scales, the WPPSI, the 


WISC, and the WAIS, together afford mea- 
sures of intelligence for most of the life span 
The lowest age and score possible are for a 
4-year-old with an IQ of 45 
These Wechsler scales differ from the Binet 
scales in furnishing subscores at all ages for 
each of 10 or 11 different aspects of intelli- 
gence, as well as IQs for verbal and perform- 
ance subscales and Full Scale (global) scores 
The nature of the abilities measured is indi- 
cated by the names of the subscales The 
Verbal subscales are Information, Compre- 
hension, Anthemetic, Similarities, Digit Span 
(or Repeated Sentences), Vocabulary, Digit 
Symbol (oi Animal House), Picture Comple- 
tion, Block Design, Picture Arrangement (or 
Mazes), and Object Assembly (or Geometric 
Design) The titles in parentheses are for the 
WPPSI scales for children 4 to 6 years of age 
Although these subscales were not selected 
to lepresent statistically determined discrete 
factors, they lend themselves to factor analy- 
sis, and perhaps deceptively (because their 
reliability as independent scales is low), they 
offer the possibility of drawing for each person 
a “profile” showing the more and less ad- 
vanced aspects of his mental abilities The 
tests can be administered with comparative 
ease and speed, because the examiner moves 
rapidly from one test series to another, as the 
testee reaches his capacity on each For these 
reasons the scales have caught on rapidly and 
are widely used They do not, however, give 
IQs at the extremes of high and low capacity, 
and they are not applicable to infants and 
children under 4 years of age For these rea- 
sons, at least, they cannot entirely replace 
such tests as the Stanford-Bmet 

There are in this country several individual 
tests of mental abilities for infants As has 
been noted, the Kuhlmann-Binet included 
some tests for infants, startmg at 3 months, 
whereas the Stanford-Bmet (1937 and 1960 
revisions) starts at 2 years Among tests spe- 
cifically designed to assess mental ability m 
early infancy, Ges ell's is the first (1925, 1928) 
and best known (eg, Developmental diag- 
nosis, 1962) Another, widely used, is Psyche 
Cattail's Mental Test for Infants and Young 
Children (1940, 1960) Bayley’s Calif orma 
First-Year Mental Scale (1933) and Infant 
Scale of Motor Development (1936) have 
been revised and pubhshed as the Bayley 
Scales of Infant Development For babies 2 to 
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30 months of age (1969) The Griffiths scale, 
Abilities of Babies (1954), is standardized on 
an English population Other tests by Char- 
lotte Buhler ( 1930) , by Lmfert and Hierholzer 
(1928), and by Gilliland (1949b) are of his- 
torical interest but are not in current use 
Graham, Matanatzo, and Caldwell devised a 
scale for assessing neonates 5 days or younger 
(1956) On this scale, scores are obtained for 
Vision, Muscular Tension, Maturation, Pam 
Threshold, and Irritability Rosenbhth has re- 
vised the scale (1961) and is using it m a 
series of researches 

Infant scales, by the very nature of the 
young human’s level of functioning, must be 
administered individually Also, at these early 
ages, there are inherent problems in subdi- 
viding the tests into different mental abilities, 
as well as m the procedures of testing and 
scoring 

GeselFs scales were first reported in 1925 
and he published a series of books, successively 
clarifying the details of administering the tests 
and evaluating the scores, eventuating m the 
book Developmental Diagnosis (latest edi- 
tion, 1962), which is essentially a manual for 
their use The Gesell scales give norms for 
“key ages” at weeks 4, 16, 28, 40 and months 
12, 18, 24, and 36 For each of these key ages 
behaviors are given, by 4-week intervals, for 
ages below and above the key for the first 56 
weeks, and for 3-month intervals, 15 to 24 
months and every 6 months to 42 The be- 
haviors at each age are divided into four cat- 
egories Motor, Adaptive, Language, and 
Personal-Social The Motor behaviors consist 
of body control, manual coordination, creep- 
ing, walking, balance, and jumping — behav- 
iors which are not ordinarily classed as men- 
tal The Personal-Social items are for the most 
part scored on the basis of an interview with 
the mother They include trained behaviors 
such as feeding self, toileting, dressing, and 
communications such as askmg for things and 
comprehending demands The tested (ob- 
served) mental responses are those classed as 
Adaptive and Language Adaptive items in- 
clude, looks at, reaches for, grasps, or man- 
ipulates a rattle, ball, or I-inch cube, builds 
a tower of two or more blocks, puts blocks m 
form board, etc Language items include 
“alert expression,” coos, polysyllabic vowel 
sounds, says dada and mama, uses other 
words, names, and points to objects and pic- 


tures Developmental ages are given by the 
exammer accordmg to his general impression 
of the infants responses and the age-level of 
response which is most characteristic The 
„ norms are derived from a small longitudinal 
sample of middle-class New Haven babies, 
with the number of children tested at any one 
age varying between 26 and 49 m the first 
year and between 18 and 60 for the preschool 
ages 

The Cattell Infant Intelligence Scale utilizes 
many of the Adaptive and Language items 
from the Gesell scales The format of this scale 
is patterned after the Stanford-Bmet, and 
may be thought of as a downward extension 
of the 1937 Form L of the Bmet Tests start 
at 2 months, with five tests at each age, 
monthly through the first year, bimonthly in 
the second year, and then at 3-month inter- 
vals to 30 months Between 22 and 30 months 
items from the Stanford-Bmet are intermingled 
with other items designed by Cattell These 
tests are standardized on the infants in the 
Harvard Growth Study conducted by Dr 
Harold Stuart (1939) The subjects were seen 
at 3-month and then 6-month intervals, the 
number at any one age ranging between 20 
and 67 Because of the interval between tests, 
the placement of many items was made by 
interpolation Mental ages and IQs are deter- 
mined by the original method of the Stanford- 
Bmet 

The original versions of the Bayley Mental 
and Motor scales, like the Gesell and Cattell 
scales, were derived from scores earned in a 
series of often-repeated testings on a longitu- 
dinal sample This sample of 61 infants was 
somewhat above the average of the Berkeley, 
California, population in 1928 The parents' 
education ranged from 3 to 19 years, with 
a mean of 13 7, The children were tested 
monthly from 1 to 15 months with a few ab- 
sences at most ages The number tested at 
any one age ranged from 46 to 61, with a 
mean N of 54 In the revision of these scales, 
the preliminary standardization, 1 to 30 
months was based on 1700 Mental and Psy- 
chomotor tests, for 1500 of which the Infant 
Behavior Record was also scored The final 
standardization is made from tests on a repre- 
sentative U S sample, of 1262 children, about 
one third of which are drawn from the 1500 
complete tests of the preliminary standardiza- 
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tion These form a strictly cross-sectional 
sample 

Many of the test items and materials are 
similar to those found in other scales In the 
revised form practical improvements have 
been made on the materials (eg, wherever 
feasible, more durable and washable plastic 
has replaced wood) , much care has gone into 
details of placmg individual items on a scale 
of difficulty, and m clarifying the directions 
for administering and scoring The materials 
m the Mental scale were selected to elicit 
adaptive responses, including such behaviors 
as attending to visual and auditory stimuli, 
grasping, manipulating and combining ob- 
jects, shaking a rattle, ringing a bell, interact- 
ing with the examiner by smiling, cooing, 
babbling, imitating, following directions, re- 
lating to toys in meaningful ways (eg, put- 
ting cubes m the cup, banging spoons to- 
gether), showing memory 01 awareness of 
object constancy (eg, lookmg for a fallen 
toy, uncovering a hidden toy), goal-directed 
persevering tasks such as placements of pegs 
in pegboard, completing simple form boards, 
and following directions involving correct use 
of object names, prepositions, and a concept 
of‘ one” 

The Motor scale includes £uch abilities 
as holding the head up, turning over, sit- 
ting, creeping, standing, Walking, going up 
and down stairs and manual skills such as 
grasping small objects and throwing a ball 

The Mental and Motor scales are scored 
separately, raw scores composed of the total 
number of items passed are converted to 
Wntal (or motor) ages and to MDIs (Men- 
tal Development Index) or PDIs (Psycho- 
motor Development Index) These indices are 
derived from the means and SDs at each age 
for the standardization sample 

The Infant Behavior Record is filled in 
immediately after the mental and psycho- 
motor tests are completed It is composed of 
ratings of such general behaviors as respon- 
siveness to persons and toys, happiness, fear- 
fulness, reactivity, endurance, and goal di- 
rectedness There are age norms expressed in 
terms of the most characteristic ratings at 
each age 

In their revised form, the Bayley scales 
are based on both a larger and a more 
representative sample of infants than is true 
of previous infant scales Therefore they 


should form a sound set of current standards 
for evaluating development in the first 2 
years As of 1969 studies of the development 
of mental abilities m the first 2 yeais are, 
m most instances, dependent for their norma- 
tive reference pomts on the earlier scales, 
whose age-placements are derived from small, 
selected samples 

Group Tests 

Among the fiist group tests of intelligence 
are the Army Alpha and Beta tests, which 
were widely used for testing during World 
War I These tests, then revisions, and others 
derived from them, have continued in use 
with adults Among the first group tests for 
children are the Pmtner General Ability Tests 
(1923) and the Pmtner-Cunmngham Primary 
Test (1927) Pmtner s earlier work had 
formed the basis of the Army Alpha and 
Beta scales, and with colleagues he went on 
to develop similar scales for use m the schools 

From this start, many group tests were 
developed An early one by E L Thorndike 
(Thorndike, 1926, Thorndike, Woodward, 
and Lorge, 1935) called the CAVD (Com- 
pletions, Arithmetic, Vocabulary, and Direc- 
tions), has norms for 3 years to superior 
adult The Miller Analogies Test (1960) is 
designed for testing college students, and 
Terman’s Concept Mastery ( Synonym- Ant- 
onym and Analogies) Test (1956) is de- 
signed for testing superior adults Thurstone’s 
Primary Mental Abilities Test (1938, 1947, 
Thurstone and Thurstone, 1943, 1958) pio- 
neered the way in devising group tests on the 
basis of factors derived from statistical anal- 
ysis of test contents 

Group tests proliferated and soon became 
the bases for many statistical studies of mental 
abilities Because of the ease with which 
scores for large samples can be obtained with 
group tests, they lend themselves well to such 
analyses Some representative scales will be 
referred to later m a discussion of factors of 
mental abilities 

BASES FOR THEORIES OF 
INTELLIGENCE 

The foregoing "intelligence tests” m their 
various forms are the available tools for 
measuring, or it may be more accurate to 
say sampling the mental abilities of persons 
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at various ages and degrees of maturity As 
noted earlier, the processes through which 
the human organism develops from concrete 
to increasingly abstract mental functions, as 
measured by the tests, are clearly a function 
of the interactions of the organism with his 
environment The various theories of the 
nature of intelligence have grown out of 
differing interpretations of the relevant char- 
acteristics of both the organism and the 
environment To a considerable extent the 
amount and kmd of information the theorist 
has about either or both will determme this 
theory 

Early theorists such as Galton (1869), G 
Stanley Hall (Pruette, 1926), Burt (1934), 
Terman (1916), and Gesell (1962) most 
often classed intelligence, along with other 
characteristics both mental and physical, as 
being genetically determined It was noted 
that not only did the shape of one’s ears or 
the tendency to hemophilia lun in families, 
but so also did a tendency to “genius” or to 
“feeblemindedness” The evidence adduced 
for the hereditary nature of mental abilities 
was at first very crude, and did not take into 
account many possible influences of the en- 
vironment 

The findings from intelligence test scores, 
m their first applications, gave corroborative 
support to Galton’s studies of family resem- 
blances Outhit (1933), for example, obtained 
correlations between test scores of childien 
and then* parents of 61 to 76 on a sample 
of 51 families with 257 tested children Con- 
rad and Jones (1940), who tested an entire 
Vermont community, obtained parent-child 
correlations of 49 for an N of 501 parent- 
child pairs These correlations are representa- 
tive of those obtained by other investigators 
of the relation between parents’ and children’s 
intelligence, or between parents’ education 
(as an approximate mdicator of ability) and 
their children’s IQs 

Another kind of evidence, from early stud- 
ies, which favored the hereditary interpreta- 
tion of intelligence came from studies of 
retests of children after a lapse of time In a 
number of instances children (usually of 
school age) were retested after several months 
or a year or longer The average change from 
test to retest was about 5 IQ points, a change 
which could be accounted for by the im- 
perfect reliability of the instruments used In 


these first studies of the constancy of the IQ, 
there had been no control over such important 
variables as the age at testing or the time- 
interval between test and retest 

On the basis of the findings from these 
early studies, there was a widespread con- 
currence among educators and psychologists 
m the belief that intelligence is a general, 
inherited ability that increases in amount with 
growth The growth of intelligence was seen 
as stable, that is, the IQ was held to be con- 
stant Any changes m a child’s score over 
time were attributed to imperfections m the 
testing instrument or the manner m which the 
test was given 

There weie, however, some early signs 
that individual children’s scores did not neces- 
sarily follow this principle of the constant IQ 
Baldwin and Stecher (1922) reported a de- 
tailed and careful study of repeated tests on 
the Stanford-Bmet, on 143 children tested 
once a year at ^regular intervals between the 
ages of 5 and 16 years They found that the 
mean IQ increased with age and with repeti- 
tions of the test They noticed, also, that the 
correlations between first tests and succes- 
sively later tests became progressively smaller 

Bayley’s (1933a) study of mental growth 
m the first 3 years, by repeating tests on the 
same children, showed that the infants grew 
very rapidly in mental abilities but that there 
were great individual differences m their 
rates of growth Tests were given at regular 
intervals, monthly 1 to 15 months then tri- 
monthly to 3 years Then* scores during the 
first 6 months were entirely independent of 
scores at 2 or 3 years, and even at 10 to 12 
months the correlation with 3-year intelli- 
gence was only 45 Since that time other 
studies (Honzik, Macfarlane, and Allen, 1948, 
Hmdley, 1960, P Cattell, 1940) repeatedly 
show that scores on tests during the first 2 
years are correlated very little or not at all 
with scores earned at 4 years or later These 
findings raised a senes of questions about the 
reliability and validity of infant tests and 
about the nature of the developing mental 
functions in infancy and early childhood 
(Stott and Ball, 1965) 

In recent years there has been renewed 
interest m Piaget’s theory of the stages of 
developing intellect and of the possibility of 
accelerating the rates of progress through 
these stages The findings from animal re- 
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search on the effects of environmental depri- 
vation in infancy (Bennett et al , 1964, 
Freedman, 1958, Hailow, 1962, Scott, 1958, 
1963) led to investigations of deprivation (in- 
stitutionalism) on human infants (Bowlby, 
1952, Brodbeck and Irwin, 1946, Fischer, 
1952, Gilliland, 1949a, Goldfarb, 1945, 1955, 
Levy, 1947, Moore, 1947, Rhemgold, 1961, 
Spitz, 1945 Woodworth, 1941) Factor anal- 
yses were made of infant tests m efforts to 
differentiate early mental processes and to 
seek out possibly more adequate predictois 
of later intelligence (Cameron, Livson, and 
Bayley, 1967, Richards and Nelson, 1939, 
Stott and Ball, 1965) All of these approaches 
have resulted m increased knowledge about 
the processes of early mental development, 
and their causes genetic, congenital, and 
environmental 

There are those (e g , J B Watson and 
B F Skinner) who say that we can only 
know about an organism's mental processes 
from his behavior If this is true, then (it is 
argued) all we need concern ourselves with 
is the observed behaviors and the ways they 
can be controlled and changed by carefully 
designed experiments Because the human 
organism is flexible, and learns readily, experi- 
ments designed to produce learned or con- 
ditioned responses (Watson) or operant con- 
ditioning (Skinner) as a rule yield results m 
the form of adaptations appropriate to the 
child's environment It is an easy next step to 
conclude that mental abilities are purely a 
function of learning, and that therefore in- 
dividual differences m intelligence result en- 
tirely from more or less adequate opportuni- 
ties for the infant and young child to leam 

Hunt’s (1961) position, as stated in the 
definition quoted earlier, is strongly influenced 
hy this kind of thinking He points to the 
more advanced behavior of animals and chil- 
dren who have been trained to make appro- 
priately adaptive responses, and he shows 
that experience is necessary for the child to 
have learned the more advanced or abstract 
forms of thinking That is, a child learns to 
read, and with this reading ability as a tool 
he can leam many more things Hunt’s posi- 
tion is developed not only from the effects 
of specific learning experiments, but to a 
considerable extent by studies of the damag- 
and retarding effects of environmental 

povenshment, on both animals and humans 


The general consideration of the depressing 
role of environmental impoverishment has, 
as its corollary, the importance of enrichment 
of the environment to secure optimal mental 
abilities The questions about the divergent 
effects of contrasting amounts of stimulation 
lead to at least two further broad questions 
that need to be answered if we are to under- 
stand the role played by the environment m 
mental growth The first of these is a need 
to identify and understand those aspects of 
the environment to which infants and children 
at different ages respond differently oi not 
at all The second question is whether there 
are what some have refen ed to as “critical 
periods” That is, are there specific ages or 
stages m the child’s development at which 
certain aspects of his environment are ciu- 
cially important m determining later mental 
abilities? Or, from a somewhat different as- 
sumption, m older to maximize all children’s 
abilities, is it necessary to insure that each 
child has, from the veiy start of life, the best 
possible environment — if we can know what 
that is? To what extent can a child recover 
from earlier impovenshment? And is theie 
somewhere dunng growth a "point of no re- 
turn?” That is, what are the conditions that 
permit recovery? How do they i elate to the 
length of the period of impovenshment, and 
to its intensity? 

To date, few if any definitive expenments 
have been made that can give us clear an- 
swers to these questions However, there is 
a considerable body of information about the 
relation between test scores and vanous as- 
pects of the environment From what we now 
know, it should be possible to construct a 
rough map of the kmds of stimuli ( environ- 
mental variables) that are related (perhaps 
causally) to mental abilities at successive 
ages There is also some matenal that is 
relevant to the persistence of the effects of 
earlier experience on later functions 

THE EVIDENCE FROM LONGITUDINAL 
STUDIES 

When the same persons are tested re- 
peatedly over time, it becomes possible to 
identify those changes that are clearly func- 
tions of developmental changes and processes 
of organization within the individual It is, 
furthermore, possible to study individual dif- 
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ferences in rates of mental giowth, not only 
of global "intelligence" but also of diffeient 
types or factors of mental ability It also 
affords knowledge of stability and change in 
mental abilities, and indicates the conditions 
and limits of predictability over time of the 
IQ, that is, of relative performance on tests of 
intelligence 

In interpreting these longitudinally ob- 
served processes, howevei, it is necessary to 
take cognizance of some limitations which are 
mherent m the longitudinal method As a 
safeguard against possible methodological 
errors, checks can often be made by posing 
relevant questions to analyses of cross-sec- 
tional data — that is, data collected once from 
a sample composed of subjects of different 
ages The two methods can, in this way, 
serve to check each other m testing theories 
that originally derive from either method 

Specifically, the problems arising from the 
longitudinal method are related to both sam- 
pling and practice effects The sampling dif- 
ficulties are of several kmds First, such stud- 
ies usually must rely on voluntary cooperation 
of the subjects, thus only those who are in- 
terested and willing participate, and such 
willing samples presumably leave out an 
important segment of the population The 
alternative, a captive audience (as a rule, in- 
mates of an institution), is atypical m a 
different way Another pioblem is sample 
attrition Not only does the size of the sample 
dimmish over time, but one must be con- 
cerned with the possibility that the attrition 
is selective m important ways For example, 
the more restless migrant subjects may leave, 
the less healthy may die, and the less able 
or less educated may more often become re- 
luctant to participate The investigator must 
therefore be aware of these limiting condi- 
tions, test their relevance to his own materials, 
and be cautious of generalizing his findings 
beyond the kinds of sample he is studying 
Nevertheless, there are enough differences 
among longitudinal studies, m the extent to 
which specific sampling limitations occur, so 
that often the various studies can be used to 
cross-validate each other Furthermore, these 
problems of sampling errors can often be re- 
solved by comparisons with findings on the 
same tests from an appropriately selected 
cross-sectional sample both larger and more 
representative of the general population 


The same kmds of checks and balances can 
be applied to study the effects of practice or 
general familiarity with the tests and testing 
proceduies — conditions that are inevitable in 
longitudinal samples For such checks, com- 
parisons can be made with appropriately 
matched cross-sectional samples composed of 
subjects who aie not familiar with the tests 
and procedures of the longitudinal program 

STABILITY AND CHANGE IN MENTAL 
GROWTH RATES 

As already noted, startmg with the pioneer- 
ing work of Baldwin and Stecher (1922), a 
senes of studies utilizing repeated tests of 
the same children over time has gradually 
eroded the belief in the "constant IQ ” In an 
early report, Furfey and Meuhlenbem (1932) 
obtained negative correlations between Stan- 
ford-Bmet IQs at 4 years and scores on the 
Linfert and Hierholzei test (1928) for groups 
at ages 6, 9, and 12 months These rs of — 11, 

— 34, and — 20 for the three ages were at- 
tributed to unreliability or invalidity of the 
infant tests Shortly after this Bayley (1933a) 
reported a detailed analysis of mental tests 
given to a longitudinal sample of 54 to 61 
children at 20 ages, between birth and 36 
months Again, small negative correlations 
(—04 and —09) were found between 1-, 
2-, and 3-month tests and tests at 18 to 36 
months A later report (Bayley, 1949) on 
these same children shows rs with the 4-year 
test of — 21 for the 1- to 3-month scores 

— 16 for the 4- to 6-month scores, 02 with 
8-month, 27 with 11-month, 35 with 14- 
month, and 49 with the 21-month level of 
tests The 3- and 4-year tests coi relate gener- 
ally higher with tests at later ages, through 
18 years These latter rs range between 82 
and 46, their size depending largely on the 
elapsed time between tests 

Analyses of Bayley 's First-Year Mental 
Scale show reliabilities to be adequate when 
equal halves of the scale are correlated and 
corrected by the Spearman-Brown formula 
These correlations average 82 but were 
lowest m the first 3 months ( 51 to 74, with 
an estimated reliability of the combined 
scores for months 1, 2, and 3 of 84) For 
ages 4 to 36 months the single-month, split- 
half reliabilities range from 75 to 95 (Bay- 
ley, 1933a), Similar reliabilities have been 
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reported for other mental test scales, which 
measure abilities m the first 3 years of life 
(Werner and Bayley, 1966) Thus the lack 
of stability in the first 3 years cannot be 
attributed to poor reliability of the measuring 
instrument 

The findings of these early studies of mental 
growth of infants have been repeated suffi- 
ciently often so that it is now well-established 
that test scores earned m the first year or 
two have relatively little predictive validity 
(m conti ast to tests at school age or later), 
although they may have high validity as mea- 
sures of the children s cognitive abilities at the 
time 

Moreovei, a caieful look at individuals’ 
growth m intelligence after 4 or 6 years has 
revealed many instances of changing IQs at 
all ages Even though the rates of growth 
m intelligence, and consequently the IQs, are 
relatively stable m most persons after 6 years, 
various mvestigators have reported widely 
divergent growth patterns among individual 
childien There are always in the reports a 
few children who evidence large shifts m IQ 
Among these studies aie those of Dearborn 
and Rothney (1941) on the Harvaid Growth 


Study, Honzik, Macfarlane, and Allen (1948) 
on die Berkeley Guidance Study, Sontag, 
Baker, and Nelson (1958) on the Ohio chil- 
dren of the Fels study, Hilden (1949) on the 
Denver children studied at the University of 
Colorado Child Research Council, Freeman 
and Flory (1937) on Chicago children, Ebert 
and Simmons (1943) on Cleveland children, 
and Bayley (1940, 1949) on the Berkeley 
Growth Study 

Examples of individual growth m intelli- 
gence over time are given for the Berkeley 
Growth Study in Figs 1 and 2 The scores in 
these two figures are standard scores, based 
on the means and SDs of mental ages for this 
sample Therefore changes m scores represent 
changes m ability relative to the other mem- 
bers of a stable, frequendy tested population 
Cases for whom there are 36-year records 
have been selected to represent the brightest 
and dullest of each sex as well as several with 
intermediate intelligence 

GROWTH IN MENTAL ABILITY 
AFTER SIXTEEN YEARS 

The longitudinal method has also produced 
new mformation on age changes in mtelli- 



Fig 1 Individual curves of relative intelligence (standard deviation scores) of five males, birth 
to 36 years, Berkeley Growth Study cases 
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Fig 2 Individual curves of relative intelligence 
to 36 years, Berkeley Growth Study cases 

gence of adults, that is, the age at greatest 
ability (i e , at which highest test scores are 
obtained), and the extent to which intelli- 
gence levels are maintained during middle 
and old age When the mean test scores of a 
large sample of adults were computed for 
subsamples of increasingly older ages, such 
investigators as Miles and Miles (1932), 
Jones and Conrad (1933), and Wechsler 
( 1944 ) showed the highest scores occur m 
the early twenties, decreasing thereafter In 
conti ast to these reports, the results of recent 
longitudinal testmg of adults (Bayley, 1955, 
1957, 1966a, Bayley and Oden, 1955, Free- 
man and Flory, 1937, Owens, 1953) have 
challenged this concept that growth in intelli- 
gence stops at an early age and then declmes 
(The ages given for cessation of growth have 
varied from 13 to 21 and more recently to 
30 years, see Miles and Miles, 1932, Jones 
and Conrad, 1933, Wechsler, 1944, 1958 ) 
However, when the same subjects are retested 
over age spans extending m some instances 
to 50 years, the scores have continued to in- 
crease, more clearly so for tests of verbal 
knowledge and information Freeman and 
Flory (1937) were among the first to report 
increased scores through 21 years for a small 
selected sample of college students whom they 


(standard deviation scores) of five females, birth 


had tested as children Owens (1953) was 
able to locate and test 127 50-year-olds on the 
same Army Alpha Intelligence test they had 
taken as 19-year-old freshmen at Iowa State 
College Their scores at 50 years were signif- 
icantly higher then their scores at 19 Bayley 
and Oden (1955) reported on adult tests 
given 12 years apart on 768 subjects of Ter- 
mans “gifted” (IQ 140 to 200) sample and 
335 of their spouses When the samples were 
divided by age into 5-year samples, it was 
found that on the retest the scoies had in- 
creased for all age groups for both sexes and 
for both the gifted sample and their spouses 
Bayley (1966a, 1968a, 1968b) has recently 
extended the Berkeley Growth Study growth 
curves through 36 years As measured on the 
Wechsler adult scales (W-B at years 16, 18, 
21, and 26, WAIS at 36), the scale scores 
increase through 26, after which age for the 
full scale score and total sample, scores level 
off and remam unchanged through 36 years 
When the “absolute scale” growth curve de- 
veloped for the BGS sample m “16D” units 
(Bayley, 1955) is now extended to 36 years, 
the result is the curve shown in Fig 3 The 
mean score shows no change after 26 years. 
However, there are increments after 26 years 
m the males’ scores on the verbal scale The 
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Fig 3 Theoretical curve of the growth of intelligence, based on data from the longitudinal Berke- 
ley Growth Study The units of growth (16D scores) are derived from a modification of Thurs- 
tone’s method of absolute scaling ( See Bayley, 1956 ) 


female scores either actually drop (Perform- 
ance scores) or remain unchanged (Verbal 
scores) between 26 and 36 years 

Birren (1968) reports from studies of el- 
derly men that there was very little deteriora- 
tion m intelligence scores of those who weie 
in optimal health However, for some who 
were found to have subclmical disease, the 
scores were significantly lower On a retest 
5 years later, some showed no change m 
scores, whereas others showed considerable 
change Precipitant drops m this instance 
were related to deteriorated health Birren 
makes an important observation that the 
average changes m scores do not represent a 
general trend for small drops but include 
some cases that do not change and others 
who change markedly That is, the rates of 
growth and decline in individuals vary with 
both internal and external factors — in this 
case with health 

GROWTH RATES AT DIFFERENT 
LEVELS OF ABILITY 

The subjects of the longitudinal studies on 
which most of the forgoing reports are made 
were selected, to varying degrees, as above- 
average or superior in intelligence However, 
several investigators have reported increased 
adult IQs among populations who as children 


were classified as average (Charles and James, 
1964) and retarded (Charles, 1953, Bailer, 
1936, and Miller, 1965) Bayley (1968a) 
found continued increases m scores through 
36 years for the lowest-scoring half of the 
Berkeley Growth Study sample The increase 
was found for the lowest-sconng male, whose 
IQs on the Wechsler scales mcreased from 
64 at 16 years to 80 at 36 McCulloch 
(1957) found evidence of increased scores on 
verbal tests through 30 years or longer in 
mentally retarded institutionalized adults 
Thus there is anfple evidence that some kmds 
of intelligence increase well into middle age 
and perhaps beyond, not only for the bright 
but also for the “dull ” It may be that those 
whose intelligence does not increase after 26 
years are for the most part women Bayley 
and Oden (1953) in their study of highly in- 
telligent subjects found greater increases in 
men, through 50 years, and Bayley (1968b) 
found slight decreases m the Berkeley Giowth 
Study women’s scores after 26 years 

AGE CHANGES IN MENTAL 
ORGANIZATION 

The failure in predictive validity from the 
infant tests has focused attention on the need 
to learn more about the earliest levels and 
presumably the more simple processes of 
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mental growth There is a felt need to know 
more about the nature of mental processes 
in infancy, about their determining conditions 
both genetic and environmental, and the ways 
m which these determining conditions operate 
to enhance, retard, and m various ways alter 
mental development Investigation of these 
processes includes not only study of the in- 
telligence tests as such, but also inquiries into 
the nature of cognition, attention, and learn- 
ing, and their bearing on general intelligence 

Bayley, m 1933, concluded that "the low 
correlations between scores made during the 
first year and those made later force one to 
the conclusion that superiority in one function 
does not insure superiority in the subsequent 
development of more complex functions 
There was no evidence for a general factor 
of intelligence during the first 3 years, but 
the findings indicate, instead, a series of de- 
veloping functions, or groups of functions, 
each growing out of, but not necessarily cor- 
related with, previously matured behavior 
patterns * Later (1949, 1955), Bayley ex- 
tended this reasoning to apply to mental de- 
velopment over the whole growth period She 
suggested that the lack of consistency over 
time m mental test scores reflects a series of 
changes in the nature of mental processes as 
they progress from simple sensorimotor ad- 
justments to increasingly complex forms of 
adaptations, generalizations, abstractions, and 
their accompanying reasoning processes Pia- 
get’s theory of the stages of intellect (1952) 
similarly represents a developmental pattern 
of changes m reasoning processes from the 
concrete to the abstract Bayley’s findings are 
congruent with Piaget’s, and from the theo- 
retical position of either there is no logical 
necessity that the adequacy of function at the 
simpler level will predict a child’s abilities in 
the more complex thought processes at a later 
time 

The fact that after mfancy rates of mental 
growth continue to exhibit variable individual 
trends calls our attention to a need to con- 
sider age changes m mental organization 
throughout the life span, and to inquire more 
carefully into the nature of the various mental 
processes which are classed as "intelligence ” 

Early efforts to study different kmds of 
mental ability were made by setting up sep- 
arate scales each composed of series of tasks 
which were judged on a prion grounds to tap 


different intellectual processes Such scales did 
show differing rates of growth For example, 
Freeman and Flory (1937) obtained sepa- 
rate scores for each of four scales Vocabu- 
lary, Analogies, Completions, and Opposites 
(VACO) The Vocabulary scale they used 
was taken unchanged from the 1916 Stan- 
ford-Binet test The other scales were adapted 
from scales that were available m 1921 Foi 
each of the four scales, they developed mental 
age umts based on the performance of their 
8- to 18-year sample Freeman and Flory 
found, in this longitudinal sample, different 
rates of growth m scores for each of the four 
scales When Conrad, Freeman, and Jones 
( 1944) converted the scoies from that study 
to comparable standard deviation scale units, 
the growth rates between 10 and 16 years 
were found to be greatest for Completions, 
second for Opposites, third for Vocabulary, 
and least for Analogies In a like manner, the 
subscales for the Army Alpha were treated 
separately by Jones and Conrad (1933), and 
were found to show different age-trends m 
their scores They found that scores m tests of 
Information and Vocabulary held up better in 
agmg adults than scores on Arithmetic and 
Reasoning Clearly, mental growth is a func- 
tion of the kinds of ability tested, as well as of 
the age and kind of person 

However, the unreliability of scores on sub- 
scales of such tests as the preceding, among 
them the various forms of the Wechsler adult 
and children scales, make them of little or no 
use for evaluating the abilities of any one 
person 

FACTOR ANALYSIS AS A 
TOOL FOR STUDYING 
MENTAL ORGANIZATION 

Consequently, investigators concerned with 
this problem sought a way to build up more 
reliable measures of the various kinds of men- 
tal ability The statistical method of factor 
analysis was found most useful for selecting 
tests which were highly intercorrelated and 
which therefore might be assumed to measure 
the same "factor” m intelligence Spearman 
(1904, 1927) pioneered much of this work 
In an early analysis he derived a large gen- 
eral, or pervasive factor, which he called g, 
and several smaller or specific factors, which 
appeared to vary with the specific content of 
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the test involved These might, for example, 
be arithmetic, memory span, spatial discrimin- 
ation, or perhaps even musical ability L L 
Thurstone (1947) did much to develop the 
factorial method to identify different mental 
abilities He derived a number of indepen- 
dent factors, and he used these to develop 
scales for measuring more adequately the sev- 
eral factors From a nucleus of a few similar 
items, it was possible to select and test addi- 
tional likely items to build up reliable batter- 
ies of tests Thurstone and Thurstone (1943, 
1958), usmg this piocedure, devised and 
standardized tests of Primary Mental Abilities 
Their primary factors are Verbal Comprehen- 
sion, Woid Fluency, Number, Space, Associa- 
tive Memory, Perceptual Speed, and Induc- 
tion (or General Reasoning) Others whose 
work m this field is prominent are Guilford 
(1956), Tryon (1935), R B Cattell (1957), 
and Vernon (1960) 

Each method has pioved to be fruitful m 
identifying factors or clusters of related items 
which can then be used as criteria for devel- 
oping scales of the various mental abilities As 
these tools became increasingly sophisbcated, 
increasingly adequate scales were developed 
These in turn permit the study of growth 
rates and of individual stability of scores in 
the various abilities for different samples of 
subjects and for different environmental con- 
ditions Such factorial scores also make possi- 
ble the study of age-related changes m the 
relative contribution of different mental abili- 
ties to general intellectual functions 

The Thurstone Primary Mental Abilities 
tests have been developed for use m the ele- 
mentary school grades Both R B Cattell 
(1957) and J P Guilford (Guilford, 1956, 
Christensen and Guilford, 1955-1956, Hertzka 
and Guilford, 1955) have utilized factorial 
material m developing mental tests for adults 

One of the earliest factor analyses of infants' 
mental test scores was done by Richards and 
Nelson (1939) Usmg the Gesell scales at 
ages 6, 12, and 18 months, they derived a 
general factor and two additional factors 
which they called Alertness and Motor Ability 
Since the items from all four of the Gesell 
scales were included m the analysis, the re- 
sult, insofar as they might identify factors of 
mental ability, is of little or no value For ex- 
ample, such motoric items as "walks alone” 
and "bowel control” are included as well as 


the more usual mental items such as "says 
three words” and "looks for fallen spoon ” 
None of the factor scores they derived proved 
to be predictive of later intelligence 
Recently Stott and Ball (1965) made a 
meticulous analysis of scores from 14 studies 
utilizing five mental scales applied to samples 
ranging m age from 3 months (P Cattell) to 
5 years (Stanfoid-Bmet) The other scales in- 
cluded are the Bayley California First-Year 
Mental Scale, the Gesell Developmental Sched- 
ules, and the Memll-Palmer Scale (Stutsman, 
1931) In analyzing these infant scales, Stott 
and Ball used Guilfords Structure of Intellect 
(1956, 1957) as a frame of reference Guil- 
ford, through factor analyses of test scores on 
adults, identified five categories of operations 
which he conceives as constituting the basic 
kinds of mental processes, or operations of the 
intellect The three "thinking abilities” are 
Cognition (the discovery of new and recogni- 
tion of old information). Production (the use 
of information to effect certain outcomes), 
and Evaluation (decisions as to the goodness, 
accuracy, or suitability of information or prod- 
ucts) Production is further divided into Con- 
vergent Thinking (where there is one unique 
answer or conclusion to a problem) and Di- 
vergent Thinking (for which multiple ans- 
wers may be appropriate) The fifth general 
factor of intellect in this structure is Memory 
Each of these general factors can be divided 
into more specific abilities Guilford's factorial 
structure is thiee-dimensional and he identi- 
fies 44 specific factors of a theoretically possi- 
ble 72 It is interesting to see to what extent 
the factors derived from infant test scales can 
be fitted into Guilford’s structure 

Stott and Ball (1965) have presented in 
Table 1 their summary of the infant scale 
factors at nine ages (3 to 60 months) As we 
see from this table, which utilizes the Guil- 
ford structure of intellect classification as a 
base, they were able to show loadings at vari- 
ous ages for all five classes of factors plus a 
few additional ones Also, at one age or an- 
other for at least one test, 31 of Guilford's 
specific factors are represented (For identi- 
fication of these specific factors see Guilford, 
1956, 1957 ) For the 3- and 6-month tests 
they found loadings on four of the five classes 
Cognitive, Divergent, and Convergent Pro- 
duction, and Evaluation For one Gesell item 
at 6 months, but more generally at 12 months. 
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Table 1 Summary of Factor Interpretations of Infant Scales Allowing Comparisons of Tests and 
Age Levels for Interpreted Factor Content According to Guilford's Detailed Diagram of 
the “ Structure of Intellect ” 

Intelligence Tests Age Level (Months) 

Catt- Calif- Ges- 

Intelligence e11 omla eU M ' p S ' B < L ) 

Factor 3 6 6 12 6 12 24 30 36 48 54 36 48 60 Total 


Cognitive 

CFU 

CFR 

CFS 

CFT 

CFI 

CMU 

CMR 

CMS 

CBU 


XXX 

X 


X 


X X 


X XX 

X 

X X X X 

XXX X 


X 


X 



X 


Memory. 

MFU 

MFR 

MFS 

MSS 

MMU 

MMR 

MBR 


X 




X 


X 

X 

X X 


Divergent prod* 
DFU 
DFR 
DFT 
DBR 



X 


X 


X 


Convergent prod 
NFU 
NFR 
NFS 
NMU 
NMI 
NBR 


X 


X 




X X 

XX X 


X 


Evaluation 


EFU 



EFS 


X 

EMR 

X 


EMS 

EMT 

X X 

X 


X 


X 


6 

2 

4 

4 

1 

1 

2 

1 

3 

24 


1 

2 

1 

1 

1 

3 

2 


11 


2 

2 

1 

1 


6 


2 

4 

3 

1 

1 

2 

13 


1 

2 

1 

3 

£ 

$ 
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Table 1 Summary of Factor Interpretations of Infant Scales Allowing Comparisons of Tests and 
Age Levels for Interpreted Factor Content According to Guilford’s Detailed Diagram of 
the “ Structure of Intellect ” (Continued) 



Intelligence Tests Age Level (Months) 



Catt- Calif- 

Ges- 





Intelligence 

Factor 

ell orma 

ell 


M-P 

S-B(L) 


3 6 6 12 

6 12 

24 

30 36 48 

54 36 48 60 

Total 

Others: 







Hand Dext’y 
Gross 



X 

X X 

X 

4 

Psychom, 


X 

X 



2 

Whole Body 


X 




1 

Locomotor 


X 




1 

Reflex 


X 




1 








Total 






71 


Reprinted from Stott and Ball, 1965. 


Note Guilford’s factors are listed at the left by sets of three letters The first refers to the principal 
five intellectual operations C = cognitive, M = memory, D = divergent production, N = convergent 
production and E = evaluation The second letter in each group refers to four classes of information, 
or content F = figural (le, concrete perceived materials), S — symbolic (eg, letters, words, 
digits), M — semantic content or meaning, and B = behavioral content concerned with interper- 
sonal relations. The third letter refers to outcomes or products of the operations U = units, C — 
classes, R = relations, S = systems, T ~ transformations, and I = imphcations. 

Thus “CFU” refers to a factor which is described or classed as composed by cognitive, figural 
(perceived through senses) units Such a factor was found at ages 3, 6, 36 and 60 months in one 
or more of the tests. 


loadings on Memory occur for the first time 
The “Other” factors m the Stott and Ball anal- 
ysis are tests that would ordinarily be classed 
as motor coordinations It is clear that the 
Cattell and the California Mental Scale do not 
include this type of item [There is a separate 
California Infant Scale of Motor Development 
(Bayley, 1936), which is not included here ] 
Gesell included motor performance as one of 
the four parts of his Developmental Schedule 
This factor analysis clearly separates the 
motor factors from the factors of intellect for 
the tests in which they occur 

Between 12 and 24 months there is a change 
m the scales used m this analysis The Diver- 
gent Production factor does not appear in the 
Memll-Palmer and Stanford-Bmet, both of 
which were given first at 24 months Starting 
with the 24-month tests, there is evidence of 
constricted selection of items in the areas 
tapped, and therefore of the factors derived 
The Memll-Palmer scale has loadings on four 
of the mam classes with none on Divergent 
Production, but it also has loadings on Manual 


Dexterity The Stanford-Bmet at 3, 4, and 5 
years loads on Cognitive, Memory, and Eval- 
uation factors only 

It is clear from the table that the different 
scales are selective, and the factors obtained 
are functions of the items included The Gesell 
scale has a number of body-control motor fac- 
tors, but only one Cognitive loading, at 12 
months Otherwise cognitive factors are well 
represented at all ages It appears that mem- 
ory factors cannot be tapped until 6 monlhs 
or later Stott and Ball point out that the “ra- 
tional” division of tests into, for example, 
verbal and nonverbal tests "is not necessanly 
discriminative” m mfancy Profiles of types of 
ability may more appropriately be based on 
items which are grouped by appropriate factor 
analysis 

Although the authors do not utilize scores 
based on the factors they derived in order to 
predict later mental growth, they do present a 
basis for differentiating mental abilities in in- 
fancy and early childhood In order, through 
use of the Guilford Structure, to explore pos- 
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sible continuities of related abilities across 
ages, it appears from this table that a wider 
vanety of items should be selected with a 
view to filling as many as possible of the 
empty cells Such a procedure should, theo- 
retically, lead to a map that would show 
whether mental abilities grow from a simple 
to complex structure with age, or whether 
traces of the many factors of Guilford's theory 
can be identified m early infancy 

Another approach to identifying emergent 
mental abilities has been possible with the 
materials of the Berkeley Growth Study Be- 
cause the children m this study were tested 
so frequently (monthly 1 to 15 months, tri- 
monthly to 36 months, and biannually to 6 
years), it has been possible to use as item- 
scores age-at-first-passing each item, for all 
115 items in the California First-Year Men- 
tal Scale (Bayley, 1933b) and 110 of the 
items of the California Preschool Mental 
Scale (Jaffa, 1934) The total sample was com- 
posed of 35 males and 39 females Through 
attrition, the sample was reduced over time 
At 6 years 30 of each sex were tested Inter- 
correlations (product-moment) usmg age-at- 
first-passing were computed between all items 
within each scale, and a Tryon cluster analysis 
was earned out for each scale This procedure 
made it possible for any item on the entire 
scale to be mcluded m a factor if it correlated 
sufficiently with the other items m that cluster 
By this procedure six factors were denved for 
the First-Year Scale, and six for the Preschool 
Scale 

If a given mental ability is present through- 
out the first year, or over a considerable por- 
tion of the year, and if the test items are avail- 
able to measure this ability, then items loading 
on the factor that measures it should be found 
over the given age-range Actually there is no 
evidence m our analysis (Bayley, 1966b, Cam- 
eron, Livson, and Bayley, 1967) for such con- 
tinuity m the first year The clusters (or 
factors) tend to be restricted to age-levels or 
stages In this regard they are congruent with 
the earlier interpretations of Bayley (1933a) 
and those of Piaget (1952) 

These factors and the items loading on 
them at each age are shown m Fig 4, m their 
ascending order of difficulty These factors 
are relatively disci ete Significant correlations 
occur between a few which are adjacent m 
difficulty These correlations are indicated at 


the right in the figure The one factor which 
is most clearly correlated with other factors 
is First-Year Factor VI Meaningful Objective 
Relations It is composed of nme items rang- 
ing in difficulty from 10 to 17 months It cor- 
relates 34 with the adjacent Preschool Factor 
I Visual Discrimination (18 to 21 months) 
It correlates 48 with Preschool II Object Re- 
lations (Dexterity), 18 to 35 months, 43 with 
Preschool III Memory for Form (21 to 60 
months), and 42 with Preschool IV Verbal 
Knowledge (Spatial), 25 to 72 months In 
addition, the First-Year Factor V, Vocal Com- 
munications (8 to 14 months), correlates 45 
with Preschool I, Perceptual Discrimination 
The thread of relationship which runs through 
these five mtercorrelated factors appears to 
be perceptual discriminations, as they are 
utilized in various ways vocal-verbal and 
manipulatory 

From this pattern of interrelated factors 
whose age placements are pnmanly m the 
10- to 60-month range, it may be suggested 
that in this 1- to 5-year period the child de- 
velops and consolidates his ability not only to 
differentiate but also to classify the objects in 
his expenence Both perception and language 
play primary roles in this process 

This land of ability once developed, how- 
ever, is not a good indicator of the later ability 
of these children Instead, it may be inter- 
preted as characterizing Piaget's stage of 
concrete thought processes Such concrete 
processes are necessary but not sufficient con- 
ditions for the later development of abstract 
thinking 

The two factors, among the 12 in this 
senes, which do correlate with later intelli- 
gence scores, are both "verbal” the First- 
Year Factor V, Vocalizations, is composed of 
items which are the beginnings of verbal com- 
munications, for example, vocalizes eagerness 
and displeasure, jabbers expressively, says two 
words This factor, however, in the Berkeley 
study predicts later verbal intelligence for the 
girls through 26 years but for the boys only 
through 3 years (Bayley, 1968b, Cameron, 
Livson, and Bayley, 1967) The later-occurring 
Preschool Factor IV, Verbal Knowledge, pre- 
dicts later intelligence for both sexes and, more 
clearly for the boys, for whom the relationship 
is high with later scores on verbal intelligence 
(Bayley, 1966b) Since language is a primary 
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Fig 4 Age-placement of items in the Berkeley Growth Study precocity factors for the First-Year 
and Preschool mental scales Significant correlations between factor scores are indicated at the right 


tool in abstract thinking processes, we may in- 
terpret these findings as indicating that not 
only are verbal abilities necessary for later 
mental abilities, but they also play an impor- 
tant role in facilitating the development of in- 
creasingly abstract thought processes If this is 
true, then it may be that the earlier the age at 
which facility in language is established, the 
greater the opportunity a child has to realize 
to the full his intellectual capacities 


In analyzing the later test scores of this 
same sample of Berkeley children, it was pos- 
sible, for seven tests covering ages 8 to 17 
years, to compute factor scores usmg McNe- 
mar’s factors for the 1937 Stanford-Binet 
(McNemar, 1942) For five ages, 16 to 36 
years, Wechsler adult tests were factor an- 
alyzed for this sample In both of these scales 
(the Stanford-Bmet and the Wechsler), the 
most general first factor is a verbal one, heav- 
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Fig 5 Girl's Vocalization factor correlations with Verbal, Performance, and Full-Scale intelligence 
scores at ages 6 through 26 years (Reprinted from Cameron, Livson, and Bayley, 1967 ) 

ily weighted with Information, Vocabulary, Verbal factor for the boys when correlated 

and Verbal Comprehension The scores on with the childhood and adult factors are more 

these verbal factors are the most consistent highly related to the verbal than to the other 

over time Further, the First-Year Vocaliza- factors This relation to the early Vocalization 

tion factor for the girls and the Preschool scores for the girls is illustrated in Fig 5 



Age (years) 


Fig. 6 Correlations of Preschool Verbal Knowledge factor scores (24 to 72 months) with IQs at 
all ages (Reprinted from Bayley, 1966b ) 
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Definming variables 

Information Vocabulary Piet Completion Piet Arrangement Similarities 

Male and Female Male and Female Male and Female Male and Female Female 
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Fig 7 Means by age and sex for Wechsler scales m Comparative Dimension A, 16 to 36 years ( 36- 
year score adjusted to equate W-B and WAIS) (Reprinted from Bayley, 1968c ) 


The correlation with general IQ for the Verbal 
Knowledge factor is shown in Fig 6 

Again, these long-term stabilities of verbal 
scores are congruent with the conclusion that 
language is a consistently important tool both 
in the processes of abstract cognition and rea- 
soning and m expressing the outcome of these 
thinking processes 

A number of investigators have made use 
of scores which they developed from factors 
or clusters of correlated items, in exploring 
various aspects of mental organization and 
growth R B Cattell (Cattell, 1963), from 
his work on such scales, has derived a theory 
that intelligence is composed of two general 
kinds, which he calls crystallized and fluid 
intelligence 

Cattell’s theory is very relevant to questions 
about mental growth m adults and the age at 
which intelligence stops growing He and 
Horn (Horn and Cattell, 1966) have demon- 
strated clear differences m the giowth curves 
of primary mental abilities of these two kinds 
of intelligence The crystallized factors are 
characterized by accumulated and retained 
knowledge, the fluid factors are processes of 


discriminating and reasoning They find that 
crystallized intelligence continues growth for 
longer periods and is maintained well into old 
age Fluid intelligence, however, begins to de- 
crease sometime between 18 and 38 years, 
the earliest losses are found m the more fluid 
abilities 

In these studies the authors utilize cross- 
sectional data It is relevant to compare their 
findings with Bay ley's (1968a) longitudinal 
sample for Wechsler scale scores The scores 
at five adult ages on the 11 Wechsler scales 
were analysed by the Tryon cluster method, 
and the clusters were then regrouped into 
comparative dimensions Dimension A, which 
is largely verbal, falls generally into Cattell’ s 
category of crystallized intelligence The 
scales included m Dimension A (Fig 7) are 
Information, Vocabulary, Picture Completion, 
Picture Arrangement, and Similarities All five 
scales showed increasing scores from 6 to 36 
years, with the greater mcreases for the males 
Dimension B (Fig 8) mcludes the Digit Sym- 
bol substitution for both sexes and Block De- 
sign for the females only Other scales not 
included in either dimension are shown in 
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Fig 9 Most of the curves in both Figs 8 and 
9 show decreasing scores for both sexes after 
21 or 26 years These six scales are similar to 
those classified by Cattell as fluid 

From these studies agam we have evidence 
for multiple mental abilities, which develop 
in different ways Some show more continuous 
growth than others Some are more consistent 
over time than others It appears that one 
general class of abilities, which may be re- 
ferred to as verbal facility and knowledge, 
is not only more stable within individuals 
throughout growth but also continues to in- 
crease m adults to 30 years of age or older 
Other abilities appear to be more bound to 
stages of development, to be less stable over 
time, and to reach their peak in the twenties 
Such fluid abilities include reasoning proc- 
esses, arithmetic and verbal reasoning, per- 
haps attention span or short-term memory, 
and speed 

These broad generalizations, however, leave 
out of account the many sex differences that 
become clear when the mental abilities are 
treated for each sex separately and when 
their stability over time is explored 

The evidence for continuous age changes 
m the nature and organization of mental abili- 


Digit Symbol Block Design 

Male and Female Female 



Fig 8 Means by age and sex for Wechsler 
scales m Comparative Dimension B, 16 to 36 
years (36-year score adjusted) (Reprinted from 
Bayley, 1968c ) 


Digit Span Object Assembly Arithmetic Comprehension 



Age (years) 

Fig. 9 Means by age and sex for Wechsler scales with low loadings m Dimensions A and B, 16 to 
36 years (36-year score adjusted). (Repnnted from Bayley, 1968c ) 
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ties has not been taken into account in a re- 
cent study by Bloom (1964), who has uti- 
lized published reports from longitudinal 
retest correlations between IQs to propose 
that intelligence is plastic m infancy but loses 
this plasticity after about 4 years of age His 
theory depends on a patently inadequate defi- 
nition of intelligence as a unitary mental prop- 
erty However, Bloom s position that the first 
4 years may be most vulnerable to the effects 
of extreme environments is well worth explor- 
ing Bayley (1966c) has postulated that the 
important period is most likely m the second 
and third yeai, and that both environment 
and the changing nature of mental processes 
play a part in the changes occurring at this 
tune 

DETERMINERS OF MENTAL GROWTH 

These differences in various abilities and 
between the sexes lead us to further explora- 
tions into the nature of mental growth proc- 
esses, their determiners, or at least their cor- 
relates Differences m mental abilities have 
been atnbuted to many things, some of which 
may be basically hereditary, others primarily 
environmental, with many gradations between 
these extremes The various correlates which 
have so far been found with mental abilities 
are impressive indicators of the rich complex- 
ity, still largely unexplored, of interactions 
among such variables as abilities, motivations, 
attention spans, emotional climates, environ- 
mental complexities, specific learning experi- 
ences, successes, and failures resulting from 
effort expended 

The Role of Heredity 

Even though children’s IQs are found to 
change over time, and these changes are often 
correlated with identifiable aspects of the en- 
vironment, there is also strong evidence that 
heredity operates to control the nature and 
level of mental abilities The best evidence 
for the role of heredity so far comes from two 
general comparisons, One is the amount of 
correlation between IQs of samples with dif- 
fering degrees of relationship, such as parent- 
child, grandparent-child, siblings, cousins, 
twins (monozygotic and dizygotic) The other 
is the comparison between children reared by 
their own parents and children reared by un- 
related, adoptive (or foster) parents 


Burt, who has long been a strong proponent 
of heredity as the primary determiner of in- 
telligence, recently (1966) reported an im- 
pressive analysis of his long-time studies of 
correlations between IQs of persons with vary- 
ing degiees of familial relations and of mon- 
ozygotic and dizygotic twins reared together 
and reared apait His highest correlation is 
92 for 95 pans of monozygotic twins reared 
together Next is the r of 87 for 53 pairs of 
monozygotic twins reared apart Since such 
twins should be expected to have identical 
genetic potential, the differences between 
these two correlations should reflect the dif- 
ferential effects of growing up m diffeient 
environments His correlations of 55 for 71 
like-sex and 52 for 56 opposite-sex dizygotic 
twin pairs reared together is very similar to 
the r of 53 for the 264 ordinary siblings 
reared together and a little more than the r of 
44 of 151 pairs of siblings reared apart He 
found a correlation of 27 for 136 pairs of 
unrelated children reared together In other 
degrees of relationship he reports correlations 
between children and their parents as adults 
as 49, with parents as children 56, with 
grandparents 33, between uncle (or aunt) 
and nephew (or niece) 34, between first 
cousins 28, and second cousins 16 Among 
unrelated persons, foster parent and child 
correlated 27, while for children reared apart 
there was no relation 

Burt concludes from these correlations as 
well as similar ones of other investigators that 
hereditary factors are of paramount impor- 
tance m determining mental abilities Cer- 
tainly, the role of heredity cannot be brushed 
aside as irrelevant, but since we do find clear 
patterns of correlation between measured abil- 
ities and environment, it becomes necessary, 
if we wish to understand the processes at 
work, to make more detailed examinations of 
these relations For example, m Burt’s studies 
the comparisons are not made for males and 
females separately, and there is evidence that 
environmental factors operate differently for 
the sexes (Bayley, 1966a) Another impor- 
tant variable is age The patterns of parent- 
child correlations have been found to increase 
with the age of the child (Bayley 1954, 
1966a) There is evidence also that some 
mental abilities are more affected than others 
by environments Osborn and Gregory (1966), 
for example, studying 33 pairs of monozygotic 
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twins and 12 pairs of like-sexed dizygotic 
twins concluded that for some of the tests they 
used, as much as 89% of the withm-family 
variance is hereditary, whereas for others the 
hereditary contribution was only 15% 

Another approach to the use of twins for 
determining the role of heredity was made by 
Freedman and Keller (1963) They studied 
20 pairs of like-sexed twins on a monthly basis 
during their first year They selected this age 
because it is “before mental imitation becomes 
a factor” At the end of the year, by blood 
group determination 11 pans were identified 
as fraternal and 9 as identical On Mental 
and Motoi scales and on the Infant Behavior 
Record (Bayley, 1969) withm-pair differ- 
ences were significantly greater for fraternal 
than for identical pans An interesting aspect 
of this comparison was the application of the 
behavior rating to filmed behaviors of the in- 
fants Using films of 8 consecutive months of 
behavior of each child separately, the films 
of one twin were shown to a group of four 
professionals who had worked with children, 
and the films of the other twin were shown to 
a different, comparable group These judges 
rated each child on the Infant Behavior Rec- 
ord, which includes such behaviors as respon- 
siveness to persons and to toys, activity, atten- 
tion span, goal directedness, fearfulness, and 
emotional tone The scores for each child 
were then averaged From these independent 
ratings intrapair differences for the fraternal 
twins were significantly greater (p < 005) 
From this study, there is a clear indication 
that personality, or nonmtellective behaviors 
are also genetically determined If this is so, 
then the correlations found at latei ages be- 
tween mental abilities and behaviors may re- 
sult from genetically determined tendencies 
to react in characteristic ways to the environ- 
ment In other words, genetic determiners of 
mental abilities may be based not purely on 
capacities to carry on varying degrees of ab- 
stract thinking, but they may operate through 
inborn response tendencies which are mani- 
fested more generally as behaviors which m 
themselves are not classed as * 'intelligence ” 

Mental Abilities and Socioeconomic 
Background 

The socioeconomic level of the children’s 
parents has long been a subject for compari- 
sons with childrens intelligence Figure 10 


presents a series of such correlations for the 
Berkeley Growth Study (Bayley and Schaefer, 
1964) This chart may be used to illustrate 
the socioeconomic variables frequently used 
m such correlations, as well as to give some 
representative correlations 

Many studies have reported correlation co- 
efficients in the neighborhood of 50 between 
school-age children’s IQ and parents’ educa- 
tion and occupation (eg, Goodenough, 1927, 
Kagan and Moss, 1959, Marks and Klahn, 
1961) We see that for the BGS sample the 
relations are highest foi the boys with fathers’ 
occupation, and for the girls with both par- 
ents’ education In general, income and a 
social rating show only small relations The 
low and even negative correlations between 
mental scores m infancy and parents’ educa- 
tion were reported by Bayley m 1933 Since 
then similar findings have been leported by 
Honzik (1963), Hmdley (1960), and others 
An interesting aspect of the rs in Fig 10 is 
that the negative correlations found with the 
3- to 7-month tests occur for the boys but not 
for the girls These correlations have been at- 
tributed, accoiding to the theoietical bias of 
the interpreter, either to the long-term effects 
of environment on the child’s mental develop- 
ment or, fiom a genetic basis, to the late ap- 
pearance of mental abilities which are stable 
and similar to those evidenced by the adult 
paients, with a possible sex difference m the 
age at which the more mature, stable relation 
appears There is evidence m favor of the 
hereditary interpretation m the study of Sko- 
dak and Skeels (1949) of parent-child lela- 
tions of adopted children In that study, as 
has been pointed out by Honzik (1957) the 
correlations between the children’s IQs and 
those of their true mothers increase from zero 
at 2 yeais to 44 by 13 5 years, even though 
they had been separated from their biological 
mothers in early infancy What is more, al- 
though the children’s IQs were much higher 
than their mothers’, evidently as a result of 
the more favorable environments afforded by 
their adoptive parents, there was no positive 
relationship found between the children’s IQs 
and educational level of the adoptive parents 
Aside fiom this study of Skodak and Skeels 
there is little available information on children 
reared by other than their own parents to 
confirm this change with age in the true (bio- 
logical) paient-child correlation m mental 



1188 NANCY BAYLEY 


Age Level 
Months 

I- 3 
4-6 

7- 9 
10-12 

13- 15 

18-24 

27-36 

42-54 

Years 

5-7 

8 - 10 

II- 13 

14- 16 
17-18 


Socioeconomic Data (1928) Correlations with Mental Test Scores by Age 


Boys 
Correlation 


Girls 

Correlation 




Fig 10 Correlations of mental test scores by age, birth to 18 years, with five indicators of parents' 
socioeconomic status at the time the children were bora ( Reprinted from Bayley and Schaefer, 1964 ) 


ability Bayley (1966b) has utilized the Sko- 
dak and Skeels material to compute parent- 
child correlations by sex of the child As 
shown in Fig 11, the correlations increased 
with the children s ages, but for the boys the 
correlations at 2 years were negative (-34 
with true mothers' IQ) and then became 
moderately positive The correlations for the 
girls rose from approximately 20 to rs on the 
order of 50 The pattern holds for education 
of true mothei and father and for IQ of true 
mother The correlations with adaptive par- 
ents' education are in most instances insignifi- 
cant, but with some indications of negative 
correlations with adoptive mothers' education 


Lesser, Fifer, and Clark (1965) have re- 
ported some relevant class and ethnic differ- 
ences m school-age children for different men- 
tal abilities An interesting aspect of this 
Lesser et al study is their finding that social 
class and cultural groups differed not only m 
general IQ level but also in patterns of ability 
The middle-class children were consistently 
superior to lower-class children, with the 
greatest class differences in IQ for the Ne- 
groes On Verbal Ability Jewish children 
scored highest, Negroes second, Chinese third, 
and Puerto Ricans fourth, On Reasonmg, the 
rank order was Chmese, Jews, Negroes, and 
Puerto Ricans On Number Ability, the ranks 
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Fig. 11 Correlations of children's IQs with indicators of true parents' and adoptive parents’ mental 
ability (data from Skodak and Skeels, 1949) (Reprmted from Bay ley, 1966a ) 


were Jews, Chinese, Puerto Ricans, Negroes 
On Space, the order was Chinese, Jews, 
Puerto Ricans, Negroes These findings raise 
the question of the extent to which the 
ethnic differences result from mnate poten- 
tials or from differences between the groups 
of cultural value systems and hence of differ- 
ential rewards for skills m the mental abilities 
tested The lower-class Negroes in this study 
evidently suffer the most from lack of relevant 
rewards for intellectual competence 

Effects of Environmental Impoverishment 

There is now a general consensus that chil- 
dren growing up in impoverished environ- 
ments earn low scores on intelligence tests 
Among the most impoverished environments 
to which many young children have been 
subjected are the orphanages and other insti- 
tutions m which infants and young children 
are cared for over protracted periods The 
mental and emotional deprivations of such 
children have been reported m the well- 
known studies of Spitz (1945), Goldfarb 
(1945, 1955), Bowlby (1952), and others 
The effects of an orphanage environment can 
perhaps be best illustrated in a pioneer study 


at the University of Iowa (Skeels, Updegraff, 
Wellman, and Williams, 1938) The children 
were retarded in mental, motor, and social 
maturity A significant finding of this study is 
that a small group of these children who were 
given training in an enriched preschool pro- 
gram showed marked gams m all three areas 
These gams resulted, at least in part, from 
the children’s learning of skills m interacting 
with adults, and in attending and responding 
m a relevant way to stimuli which would facil- 
itate adequate measures of intelligence How- 
ever, this process of meaningful interaction 
would m itself promote mental growth, if this 
is true, then Skeels and his associates are cor- 
rect m their assertion that the children s intel- 
ligence actually increased as a result of their 
preschool experience 

The Effects of Physical Impoverishment 
On the physical side, low socioeconomic 
status and economically deprived populations 
are regularly associated with poor nutrition, 
high incidence of disease, slow growth, and 
small size Along with these conditions, we 
also find diminished mental ability It is dif- 
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ficult to differentiate the effects of these phys- 
ical hazards from the environmental aspects 
of impoverishment discussed previously How- 
ever, there is some evidence that poor health 
and nutrition m themselves contribute to 
lowered mental abilities 

It seems reasonable that children with poor 
health or inadequate food will lack the energy, 
drive, and curiosity for the sustamed attention 
and effort requned for solving difficult prob- 
lems or carrying through to completion com- 
plex, logical thought-processes However, such 
generalizations may not be adequate to ex- 
plain the deficits There is recently an increas- 
ing body of evidence from animal studies 
which indicates that dietary deficiencies, spe- 
cifically of protein, may actually impair ner- 
vous tissues 

Perhaps the most definitive of these studies 
to date is by Zamenhof, Marthens, and Margo- 
lis ( 1968) They fed controlled diets to young 
female rats, starting 1 month before preg- 
nancy and continuing throughout gestation 
The only differences m the diets were that one 
group was fed a low protein and the other a 
high protein diet The brains of the newborn 
rats were analyzed DNA and protem were 
determined for the litters of the rats on the 
two differing diets The results showed sig- 
nificant differences between the dietary groups 
not only m body and bram weights, but 
the progeny of the protein-deprived mothers 
showed a significant reduction m the total 
number of brain cells In addition, the 
' ♦ amount of protein per cell was lower There- 
for, the authors conclude that “This quanti- 
tative alteration m number as well as the 
qualitative one (protein per cell) may con- 
stitute a basis for the frequently reported 
impaired behavior of the offspring from pro- 
tein-depnved mothers ” 

The results of this and similar studies on 
animals may be compared with a study by 
Stoch and Smythe (1963) on two groups of 
Cape colored children m South Africa One 
group had been severely malnourished m the 
first year of life, the other adequately nour- 
ished, At the end of 7 years, the malnourished 
group was significantly below the other m 
stature, IQ, and head circumference It was 
pomted out that the age at which nutritional 
deprivation occurred in these children was at 
a crucial stage for brain development During 
, the first year the brain is stall growing rapidly 


and is still m the process of myehmzataon 
Several more carefully designed studies on 
young children are now m piocess, and even- 
tually it should be possible to know whether 
and to what extent early protem deficiency in 
the diet has a directly depressmg effect on 
intelligence 

Several forms of mental retardation are 
now known to result from genetic anoma- 
lies that interfere with normal development 
Among these are cretmism (congenital hypo- 
thyroidism implying subnormal secretion of 
thyroxin), phenylketanuna (an inborn “error” 
of metabolism which results m, among other 
things, a greatly reduced capacity to convert 
phenylalanine to tyrosine) , and mongolism (or 
Down’s Syndrome), whose cause beyond the 
evidence of a characteristic chromosome pat- 
tern has not been completely determined 
(Penrose and Smith, 1966) With time and 
better techniques, it may be possible to iden- 
tify most of the specific determiners of mental 
retardation As this process continues and the 
hereditary and environmental determiners of 
mental defects become known, corrective 
measures for each may become possible 

Effects of Intervention on Mental Abilities 

Psychologists and educators were slow to 
accept the implications of the Iowa studies on 
the effects of inappropriate living conditions 
because at that tame the concept of the “con- 
stant IQ” was thoroughly ingrained m the 
theoretical formulations about the nature of 
intelligence In recent years, with the accu- 
mulation of evidence that children’s IQs do 
change, and that these changes often appear 
to result from environmental conditions, nu- 
merous studies designed to assess the effects 
on mental abilities of various types of inter- 
ventions have been reported These interven- 
tions may be concerned with improving moti- 
vation, or supplying opportunities to learn, or 
reducing anxiety, or eliminating debilitating 
diseases and malnutrition 

A good example of an experiment to in- 
crease mental abilities m young children is the 
one at Peabody College, m which the aim is 
to control the environment through appropri- 
ate reinforcements Gray and Klaus (1965) 
made an interim report at the end of the third 
year of this 5-year project to improve the 
mental abilities of culturally deprived Negro 
children From an analysis of the general en- 
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vironments of these children they selected five 
most probably relevant dimensions of patterns 
of interaction between the children and adults 
These dimensions are (1) total amount of 
reinforcement of the child’s behaviors, (2) 
the source of reinforcement, (3) the amount 
of verbal reinforcement, (4) the direction of 
reinforcement, and (5) the focus of the rein- 
forcement, That is, (1) the culturally de- 
prived mother spends her time coping with , 
rather than shaping her child’s behavior, (2) 
those reinforcements the child gets are most 
often from siblings and peers, (3) very little 
of the reinforcement is verbal, (4) it is di- 
rected toward keeping the child quiet and 
easy to manage and thus discouiages sponta- 
neity and cunosity, and (5) it is vague and 
general ("you’re a bad boy”) rather than 
relevant to specific behaviors 

In a research design involving 87 children, 
divided into two experimental and two con- 
trol groups, starting at 3 years all children 
were given mental tests twice a year for 3 
years, with plans for two additional annual 
follow-up tests One experimental group was 
given special nursery school training for 3 
summers, the second experimental group, 
starting at 4 years, had 2 summer school train- 
ing sessions In the original tests the aveiage 
Stanford-Bmet IQ of the experimental groups 
was 88, that of the control groups was 86 At 
the end of the third year the experimental 
groups’ IQs averaged 95, whereas the control 
groups’ IQs had dropped to 81 The differ- 
ence is significant at the 05 level of confi- 
dence, or better Similar differences were ob- 
tained for the Peabody Picture Vocabulary 
Test (Dunn, 1959) and the Illinois Test of 
Psycholinguists Abilities (McCarthy and 
Kirk, 1961-1963) 

Recently an enrichment program for insti- 
tutionalized mongoloids (Bayley, 1966c, Bay- 
ley, Rhodes, and Gooch, 1966) has shown 
that intensive training with emphasis on lan- 
guage can increase the mental scores of 4- 
to 6-year-old mongoloids to levels more in 
line with the performances of a home-reared 
matched control sample 

Such increases, as exemplified m the pre- 
ceding and other studies, at least have the 
practical effect of increasing the level of the 
children’s mental functioning at the time A 
further question that may be asked here is 
the extent to which the beneficial effect of 


these training experiments is maintained as 
the childien grow older Skeels (1966) has 
shown that the benefits do last foi a small 
sample of 13 institutionalized Iowa children 
who were mentally retarded as infants These 
babies were given enriched experiences that 
involved individualized love and attention 
from adult mothei -surrogates, and all but two 
were later placed m adoptive homes The 
mean IQ of these children at 18 months when 
the study started was 64, and on the latest 
testing at 6 years, their mean IQ was 96, a 
gain of 30 points A contrast group from the 
orphanage had a mean IQ of 87 at 17 months 
and of 66 at 7 yeais, a loss of 21 points In 
his follow-up study of these two groups as 
adults Skeels found striking differences be- 
tween them For example, the experimental 
group had a median of twelfth-grade educa- 
tion, the contrast group of third grade Eleven 
of the experimental group were mamed, nine 
of them had children, only two men of the 
control group had married, and one had one 
child Those m the experimental group were 
self-suppoitmg or functioning well as house- 
wives, those m the contrast group were eithei 
inmates of an institution oi unskilled laborers 
On the Warner scale of socioeconomic status 
the experimental group fell m the lowei -mid- 
dle-class category, the contrast gioup in the 
lower-lower class Clearly, the early gams of 
the experimental group had been maintained 
The extent to which such environments are 
impoverished m a meaningful way is to some 
degree a function of the child’s stage of men- 
tal development Rhemgold ( 1956) has shown 
that the enrichment provided by the one- 
person mothering of 6- to 8-month-old insti- 
tutionalized infants did not show increased 
mental growth, although it did increase the 
baby’s social responsiveness A follow-up on 
these children a year later (Rhemgold and 
Bayley, 1959) showed no differences between 
the experimental (mothered) babies in either 
IQ or social responsiveness, although the 
mothered babies were perhaps a little more 
talkative If these findings are i elated to the 
information from the factor analyses of men- 
tal organization in the 'first year, we may ten- 
tatively assume that a rather simple bland en- 
vironment is not depriving until the children 
are about 8 to 10 months old, and capable of 
perceptual discriminations in which meaning- 
ful relationships among objects and events are 
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recognized, and incipient language communi- 
cation is piesent 

The Role of Emotions, Attitudes, and Drives 

In recent yeais there is increasing evidence 
from several longitudinal studies for the role 
of the emotional climate in childrens mental 
growth Moss and Kagan (1958) have found 
moderate correlations between the children's 
IQs at 3 years and maternal concern with the 
child's achievement 

Hill and Sarason (1966) report the effects 
of test anxiety and defensiveness on abilities 
in a longitudinal study of school children In 
this study increasing anxiety was related to 
decreasing test performance m one group of 
children from the first to fifth grade For an- 
other group from fourth to sixth grades, in- 
creases in anxiety were also accompanied by 
lower test scores but more significantly m the 
boys than m the girls As Hill and Sarason 
point out, during the intervals between tests 
"the child is faced with a number of new, im- 
portant and varied tasks of a cognitive and 
interpersonal nature " Anxiety decreases as a 
child masters the problems he faces and in- 
creases as he finds new problems that he does 
not know how to cope with The result ap- 
pears to be an interaction between degree of 
anxiety and test scores On the one hand, 
relief from anxiety comes from successful per- 
formance On the other hand, severe anxiety 
over new difficulties may interfere with a 
child's full use of those abilities he does have, 
in his efforts to find good solutions to these 
new problems 

Honzik, Macfarlane, and Allen (1948), m 
a study of mental test performance from 2 to 
18 years, show that a number of the children 
who experienced emotional disturbances dur- 
ing this period of growth maintained rela- 
tively stable IQs On the other hand, where 
there were instances of marked instability, the 
fluctuations in IQ paralleled fluctuations m 
the emotional climate in the home 
^ One example they give indicates this kind 
of fluctuation m a boy whose scores were 
affected by the emotional climate of the home 
When first tested at 21 months, his IQ was 
106, he was very shy, and the mother, who 
was uneasy, had been subjected to periods of 
acute anxiety This same child, however, at 4 
years had an IQ of 140, he was less shy, and 
the family situation was much improved, the 


mother reporting this as the best period in 
her marriage At 6 years, when the mother 
was again acutely disturbed, the child's IQ 
dropped to 123 After this his test scores 
gradually rose as the home situation improved 
until at 12 years his IQ was 163 Two years 
later, with a recurrence of the mothers 
mental disturbance, the boy's IQ started 
droppmg, and at the 18-year test, when he 
was depressed and worried about his heredity, 
his IQ had fallen further, to 122 

Another approach to the parent-child rela- 
tions was made by Bayley and Schaefer 
(1964) for the same Berkeley Growth Study 
for which the correlates of socioeconomic 
status are presented m Fig 10 Ratings of 
the mother's behavior were made from obser- 
vational notes written during the testing ses- 
sions m the children's first 3 years A second 
set of ratmgs was made from an interview 
with the mother about 10 years later Both 
sets of these ratmgs may be classed, roughly, 
into behaviors that are warm, understanding, 
and loving, as opposed to punitive and harsh, 
and those that grant autonomy and freedom 
m contrast to those that are controlling and in- 
trusive 

When the maternal behaviors are arranged 
m an order of neighboring, based on their 
intercorrelations, from autonomy through love, 
control, and hostility, to ignoring, the pattern 
of their correlations with the children's intelli- 
gence scores shows consistent shifts both with 
age and by sex These patterns of relation to 
the early (0 to 3 years) maternal behaviors 
are illustrated m Fig 12, 13, and 14 Figure 
12 presents, for each sex, the correlations of 
the maternal behaviors with test scores in the 
first year Each bar represents the average of 
three consecutive tests There are four of 
these three-test averages for the first year, and 
each maternal behavior is correlated with the 
four levels In the first year the boy's scores 
are seen to be negatively correlated with 
equalitanan, affectionate maternal behaviors 
but positively correlated with maternal hostile 
rejecting behaviors For the girls' these corre- 
lations are reversed For both sexes control- 
ling, achievement-demanding maternal behav- 
iors are positively correlated with children's 
scores As the children grow older, the pattern 
shifts At the preschool ages, shown in Fig 
13, the boys' correlations become more like 
those for the girls At school ages (Fig 14) 
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Fig 12 Correlations between maternal behavior ( 0 to 3 years ) and intelligence at four age-levels, 
1 to 12 months (Reprinted from Bayley and Schaefer, 1964 ) 


the boys’ scores are seen to be clearly related 
to the early maternal love-hostility dimension, 
whereas the girls’ scores are almost com- 
pletely independent of these maternal vari- 
ables For the boys there is a correlational 
pattern which may be stated briefly early 
maternal love and acceptance goes with slow 
development at first but later high achieve- 
ment m mental abilities, with the reverse 
pattern for boys with punitive rejecting 
mothers For the girls, although early ma- 
ternal love goes with high scores in infancy, 
its influence diminishes after 3 years and then 
drops out almost completely 
The later maternal behaviors, when the 
children’s ages were 9 to 13 years, were found 
to be related to their sons’ intelligence m 


much the same way as were their early be- 
haviors In contrast, the girls’ test scores 
show little oi no relation to their mother’s 
attitudes toward them as preteen-agers In 
general it appears that the relatively stable 
maternal behaviors (which have been classi- 
fied as love or warmth versus hostility or re- 
jection) were continuously related to the boys’ 
abilities, while the girls’ abilities after 3 or 
4 years remained relatively free of their 
mothers’ behaviors 

These findings are in many ways m agree- 
ment with those from another, similar popu- 
lation, the Berkeley Guidance Study, as re- 
cently reported by Honzik She investigated 
parent-child relationships of children’s intelli- 
gence and several aspects of the family en- 
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Fig 13 Correlations between maternal behavior (0 to 3 years) and intelligence at four age-levels, 
13 to 54 months (Reprinted from Bayley and Schaefer, 1964 ) 


vironment as observed over time, starting 
when the children were 21 months old The 
parental vanables were correlated with chil- 
dren's IQs between 21 months and 18 years 
(1967a) and with their scores on the Wechs- 
ler-Bellevue subscales at 18 years (1967b) 
The importance of this longitudinal study is 
accentuated by the fact that there is consider- 
able information about the fathers as well as 
about the mothers The sample size at each 
test age varied around 55 for each sex, with 
a range from 39 to 59 for ages 2 to 18 years 
Honzik found that foi tests at ages 6 to 18 
years there were consistent sex differences m 
the correlations with IQ The sons* IQs corre- 
lated more highly "with a ratmg of close 
mother-son relation and with the father's 
occupational success and satisfaction * The 
daughters' IQs were positively correlated with 


"fathers friendliness to this daughter” and 
with ratings of parental compatibility Scores 
of both sexes correlated positively with 
parents’ concern for their achievement (Hon- 
zik, 1967a) 

The correlations with the 18-year W-B 
subscale scores (Honzik, 1967b) aie based 
on a sample of 41 boys and 40 girls For this 
sample, findings on the relation between early 
maternal affection and children's 18-year IQs 
is very similar to the Bayley and Schaefer 
(1964) results for similar ages Boys' Verbal 
IQs correlated with maternal behaviors de- 
scribed as "close” 56, as "friendly” 34, and 
as "affectionate” 27 For the "close” and 
"friendly” vanables the mother-daughter cor- 
relations were each 29 The highest mother- 
daughter r was with maternal "concern about 
health” (,42) The girls' W-B Performance IQ 
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was positively correlated with mothers’ irrita- Boy babies who were rated as happy, posi- 

bility In contrast, the girls’ but not the boys’ tively responding, and calm tended to have 

18-year scores, were correlated with a close low scores m the first year or so and high 

affectional relationship between the father scores by 4 or 5 years and later If they were 

and the mother The parent-child correlations active between 10 and 15 months, their scores 

of the early affectional relationships to the were high early but low after 4 years, if 

subscale scores of the 18-year Wechsler- they were active after 15 months, the pattern 

Bellevue tests are shown m Fig 15 of mental scores was reversed, that is, active 

In the Berkeley Growth Study, the chil- 2-year-old boys tended to have high IQs at 

dren’s own behaviors, as rated during the later ages As for the girls, happy, positive, 

tests, were seen to be related to their mental and calm behaviors correlated with high 

scores (Bayley and Schaefer, 1964) These mental scores early, but the correlations ap- 

relations may be summed briefly as follows proached zero after 3 or 4 years 


Boys Girls 

Correlation Correlation 

Maternal Behavior -4 -2 0 2 4-4 -2 0 2 



Fig 14 Correlations between maternal behavior (0 to 3 years) and intelligence at five age-levels, 
5 to 18 years ( Reprinted from Bayley and Schaefer, 1964 ) 
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Fig 15 Correlations between parental behaviors and 18-year IQ in the Berkeley Guidance Study 
( Reprinted from Honzik, 1967 ) 


Series of ratings dm mg childhood showed 
for both sexes significant correlations between 
IQ and fnendliness, cooperativeness, atten- 
tiveness, and facility, although for the girls 
the correlations were high primarily for con- 
current ages at test and rating At adoles- 
cence, the boys with high mental ability were 
rated as friendly, social, and mdependent, 
low-scoring boys as reserved There were no 
significant relations between the adolescent 
girls’ behaviors and their IQs 
In two recent studies Bayley (1968a, 
1968b) reports relations between personality 
variables and test scores for these same sub- 
jects through 36 years for a total of 54 cases 
In these studies the subscores representing 
different mental ability “factors” and sub- 
scales have been compared with two sets of 
adult personality variables m addition to the 
earlier behavior ratings 
It has been possible to obtain scores of 


verbal ability from the tests at most ages, 
starting with the First-Year Vocalization (8- 
to 14-month) precocity score These verbal 
scores, for this sample, appear to be the most 
stable as well as the most saturated with g 
(general intelligence) of the factors derived 
It is interesting therefore to relate verbal 
scores thiough 36 years to the early ratings 
of infant behavior These patterns of correla- 
tion are shown m Fig 16, 17, 18, 19, and 20 
In Fig 16 and 17 we see that the boys who 
were active and lapid through 15 months 
tend to make low scores through 36 years, 
whereas similar ratings after 15 months go 
with peisistently high later scores Figures 18 
and 19 show the long-range persistence for 
boys, but not for girls, of positive and happy 
behaviors as indicators of above-average ver- 
bal ability In Fig 20, we find some indication 
that girl but not boy babies, who weie shy 
before 2 years are among those who later 
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Fig 16 Correlations between ratings of Activity at ages 10 to 36 months and Verbal scores for all 
ages 1 to 36 (Reprinted from Bayley, 1968b ) 



Fig 17 Correlations between ratings of Rapidity at ages 10 to 36 months and Verbal scores for 
all ages 1 to 36 years (Reprinted from Bayley, 1968b ) 
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Fig. 18 Correlations between ratings of Positive Behavior at ages 10 to 36 months and Verbal 
scores for all ages 1 to 36 years (Reprinted from Bayley, 1968b ) 



Fig 19 Correlations between ratings of Happiness at ages 10 to 36 months and Verbal scores for all 
ages 1 to 36 years (Reprinted from Bayley, 1968b ) 
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Fig, 20 Correlations between ratings of Shyness at ages 10 to 36 months and Verbal scores for 
all ages 1 to 36 years (Reprinted from Bay ley, 1968b ) 


score high in verbal ability In general, the 
scores after 4 years show very different rela- 
tions to these infant behaviors than do the 
scores earned at the time 
Another aspect of the relations between 
mental abilities and attitudes and interests is 
revealed m the correlations with the Wechsler 
scale scores at 16 to 36 years These have 
been correlated with scores on sets of 70 be- 
haviors based on Q-sorts (with the Block Q 
set. Block, 1961) The behaviors have been 
arranged in a Guttman (1954) order of 
neighboring, or circumplex The eircumplex 
arrangement places a set of variables in a 
circular order m .such a way that highly m- 
tercorrelated items are close together, un- 
correlated items are about 90° apart on the 
circle, and negatively correlated items are on 
opposite sides of the circle, with the strongest 
negative correlation 180° apart 

Examples of related behaviors with their 
angular placements on the circumplex for the 
males in this sample are such uncontrolled or 
expressive behaviors as 18° Expresses hostile 
feelings directly, 33° Represses anxiety and 
conflicts, 46° Is self-indulgent, 58° Unable 
to delay gratification, 69° Irritable, 72° 
Transfers blame to others Withdrawn be- 


haviors include 110° Vulnerable to threats, 
121° Submissive, 126° Keeps people at a 
distance, 144° Avoids action Generally intel- 
lectual behaviors are 232° Socially percep- 
tive, 236° Values intellectual matters, 244° 
Wide range of interests, 246° High intellec- 
tual capacity, 252° Sees to heart of important 
problems Expressive adjusted or gregarious 
behaviors are 273° Has warmth and capacity 
for close relationships, 277° Objective, 278° 
Calm and relaxed, 280° Good-looking, 285° 
Gets things done, 288° Liked and accepted 
by others, 312° Satisfied with self 
The circumplex for females is similar to 
the males’, except that the maladjusted half 
of the circle is better described by the terms 
conventional and negative The conventional 
quadrant mcludes such items as 11° Fastidi- 
ous, 16° Conservative, 34° Conventional, 37° 
Moralistic, 49° Transfers blame to others, 
63° Bland The negative quadrant includes 
99° Self-pitying, 102° Subtly negativistic, 
109° Persistent and preoccupying thoughts, 
111 0 Irritable, 111° Hostile, 116° Moody, 
136° Changeable The Intellectual and Gre- 
garious behaviors on the adjusted half of the 
circle are very similar to those of the males 
With this organization of the ratmgs of 
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Fig 21 Circumplex-ordered correlations between 36-year Block Q-set scores and WAIS Verbal 
and Performance IQs at 36 years for males (Reprinted from Bayley, 1968b ) 


patterns of b eh a viois, it is possible to compaie 
the relations between behavior tendencies (or 
personalities) and mental abilities The pat- 
tern of correlations with the Verbal and 
Performance WAIS scores at 36 years is 
shown for the males in Fig 21 and for the 
females m Fig 22 The correlations for both 
parts of the test are high with behaviors 
which are characterized as introspective-ad- 
justed, that is. High intellectual capacity, 
Wide interest, Thoughtful, and Fluent, 
whereas strong negative correlations are 
found with maladjusted expressive behaviors 
such as Uncontrolled, Expresses hostile feel- 
ings freely. Impatient The correlations show 
greater extremes with the verbal than with 
the nonverbal scale The correlational pattern 
for the females (Fig 22), although it tends 
to follow the same directions of positive and 
negative correlations, is much less marked 
Other comparisons show that the pattern for 
the males is as stiong with the 16-year 
Wechsler-Bellevue tests as with that shown 
in Fig 21 for 36 years However, for the 


females the lelations across time drop out 
There are evidences also, for each sex, of 
somewhat different patterns of correlations 
between the Q-sort variables and the different 
subscales of the Wechsler tests The pattern 
of correlations is even reversed m the 16- 
year Information and Arithmetic scales For 
example, at 16 years the girls’ correlation 
between scores on Arithmetic and ‘Warmth" 
is — 42 and with “Charm" is — 62, positive 
correlations are found between Arithmetic 
and “Feels a lack of personal meaning m life" 
( 48) and “Is subtly negativistic" ( 64) 

In another study (Bayley, 1968a) these 
same Wechsler scores have been correlated 
with the 18 behaviors of the California Psy- 
chological Inventoiy (Gough, 1957), a self- 
rating instrument In this study, again, there 
are patterns of positive and negative correla- 
tions with test scores, and marked sex dif- 
ferences The sexes are most alike in their 
relations to verbal scores (Fig 23), whereas 
the greatest differences are for Digit Span 
(Fig 24) 
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It is evident that the behavioral and emo- 
tional correlates of mental abilities are com- 
plex, and there is need to explore these 
differences more thoroughly From much of 
the evidence discussed here, there are clear 
indications that mental abilities of males are 
more strongly related than the females, both 
positively and negatively, to emotional aspects 
of their environment There are also indica- 
tions that for the boys, early experiences are 
likely to have long-lasting effects, even 
though the nature of these effects may not at 
first be evident 

SUMMARY 

In following the processes of mental growth 
from birth to some time near 30 years, when 
growth m most mental test scores finally 
appears to level off, it becomes clear that 
mental abilities are complex both in their 
nature and in their causes With growth, abili- 
ties change in nature as they become in- 
creasingly complex and as they move from 
concrete to abstract processes Abilities which 
are characteristic of a given stage of develop- 


ment may or may not be piedictive ot latei 
mental capacities 

In general, mental test scoies indicate vari- 
able rates of growth m the fiist 3 oi 4 veais, 
but become more stable after that age 

The most stable of the mental abilities 
which have been diffeientiated appear to be 
verbal in nature Veibal scoics stabilize eailiei 
in girls However, once established, the boys’ 
verbal scores may be moie consistent than 
the girls’ 

There is some evidence that dunng growth 
mental abilities m females are more inde- 
pendent of emotional climates than is true 
for males There are also some indications 
that for the males early emotional conditions 
may be more persistent in their effects on 
later mental growth 

Such characteristics as degrees of drive, 
perseverance, and attention span, which them- 
selves are in varying degrees genetically 
determined, may operate to enhance or letaid 
the development of menial abilities 

The complex interaction of genetic poten- 
tials and environmental stimulation, m the 
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Fig, 22 Circumplex-ordered correlations between 36-year Block Q-set scores and WAIS Verbal 
and Performance IQs at 36 years for females ( Reprinted from Bayley, 1968b ) 
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Fig 23 Correlations by sex between California Psychological Inventory at 36 years and Wechsler 
Information, Vocabulary, and Comprehension scores at 16 and 36 years, ( Reprinted from Bayley, 
1968c ) Key, Do = dominance, Cs ~ capacity for status, Sy = sociability, Sp = social presence, Sa, 
= self-acceptance, Wb = sense of well-bemg, Re = responsibihty, So ~ socialization. Sc = self-con- 
trol, To = tolerance, Gi = good impression, Cm = communahty, Ac = achievement via conformance, 
Ai =r achievement via independence, Ie = mtellectual efficiency, Py = psychological-mmdedness, Fx 
=t flexibility, Fe := femininity 
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context of maturing and pliable neural struc- 
tures, presents a setting m which the exact 
expression of mental abilities may be impossi- 
ble to predict However, we have m this 
complex piocess a number of indicators of 
the best ways to facilitate mental growth 


In essence, given the undamaged genetic 
potential, mental growth is best facilitated by 
a supportive, ‘warm” emotional climate, to- 
gether with ample oppoitunities for the posi- 
tive leinforcement of specific cognitive efforts 
and successes 




16 Years 36 Years 


Fig 24 Correlations by sex between California Psychological Inventory at 36 years and Wechsler 
Digit Span and Substitution scores at 16 and 36 years (Reprinted from Rayley, 1968c ) See Fig 
23 for key 
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17. Creativity 

MICHAEL A. WALLACH 


There is no end to the study of creativity, 
and almost no beginning Perhaps especially 
m our culture, with its abiding value emphasis 
upon excellence or competence by some cri- 
terion or another, it is not surprising that a 
term which can epitomize virtually whatever 
the society values in its members should be so 
widely celebrated There is, however, a dan- 
ger m this practice what is called creativity 
today may simply describe what was called 
by some other name m the same culture only 
yesterday One need not go back too far in 
time within the circles of child psychology 
and education to find other terms with de- 
notations suspiciously similar to what is called 
“creativity” today — such terms as giftedness, 
insight, discovery, intuition, and, indeed, in- 
telligence. 

The range of emphases that can be em- 
braced by the creativity term has been in- 
dicated and documented at length m a number 
of recent reviews (eg, Stem and Hemze, 
1960, Getzels and Jackson, 1962, Barron, 
1963; Golann, 1963; Taylor and Barron, 1963, 
Taylor, 1964a, 1964b, Barron, 1965, and 
Taylor and Williams, 1966) Faced with such 
a profusion of material, and especially m a 
chapter that must take as its frame of refer- 
ence the study of children, adolescents, and 
young adults, certain limitations must be im- 
posed upon the task one seeks to accomplish 
These limitations of focus will be set forth m 
this introductory section, 

A rough distinction can be made m the 
creativity literature among studies oriented to 
products, to persons, and to processes The 
first two of these three perspectives have m 
the nature of the case taken the examination 
of mature adults as their point of departure 


Thus, for example, an extensive literature has 
accumulated concerning evaluations of the 
products of research scientists The bases for 
evaluation of products have been varied, in- 
cluding such mdices as occupational salary, 
number of publications, membership in vari- 
ous professional organizations, listing m such 
sources as Who's Who in America , output of 
patentable inventions, and ratings by peers, 
supervisors, or panels of informed judges (see, 
e g , Knapp and Goodrich, 1952, Taylor, 
1959, Taylor, Smith, Ghiselm, and Ellison, 
1961, Harmon, 1963, Taylor, 1963, Taylor, 
Smith, and Ghiselm, 1963, Chambers, 1964, 
Hoyt, 1965, and Taylor and Ellison, 1967) 
A provocative conclusion has emerged from 
some of this work the worth of scientific con- 
tributions seems to be relatively independent 
of traditional intellective assessment informa- 
tion available as of the college years Other 
studies m this field, on the other hand, have 
found relationships with customary intellec- 
tive data Product-centered criteria of these 
vanous kinds, however, turn out to be rela- 
tively uncorrelated among themselves (eg, 
Golann, 1963), so that it is difficult to justify 
the application of some single term such as 
creativity to all of them Furthermore, here 
one is considering primarily the occupational 
achievements of mature adults — a task that 
would easily require a chapter m its own 
right 

A second perspective in the creativity liter- 
ature has been concerned with describing the 
personalities of individuals who have been 
judged creative by virtue of evaluations of 
their occupational products Although, to be 
sure, this line of endeavor overlaps with the 
first, a difference can be delineated m terms 
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of the degree to which the investigator seems 
more concerned with studying products as 
criteria of creativity or with studying the 
persons who become identified thiough any 
means as cieative The emphasis has been 
upon painting a picture of what the peison 
who achieves eminence in the arts 01 the 
sciences is like (see, e g , Roe, 1951a, 1951b, 
1953a, 1953b, Cattell and Drevdahl, 1955, 
Drevdahl and Cattell, 1958, MacKinnon, 
I960, 1962a, 1962b) Given, for example, the 
identification of some architects as more cre- 
ative than otheis in terms of the judgments 
of fellow aichitects who are recognized as 
competent to make the evaluations, MacKin- 
non (1960, 1962a, 1962b) has been intei - 
ested m depicting, through the use of a wide 
range of measurement probes, what the cre- 
ative architect is like Not surprisingly, he 
turns out to be a very complicated person 
“The successful and effective architect must, 
with the skill of a juggler, combine, leconcile, 
and exercise the diverse skills of businessman, 
lawyer, artist, engineer, and advertising man, 
as well as those of author and journalist, 
psychiatrist, educator, and psychologist” 
(MacKinnon, 1962b, p 486) Work that is 
focused upon creative persons requires essen- 
tially comments similar to those we offered 
concerning work that is focused upon creative 
products There is, of course, a great variety 
of lelatively disjunctive ways m which the 
term cieativity is applied, yet we find again 
that the major focus is upon the occupational 
achievements of matuie adults Thus the lit- 
erature concerned with creative persons turns 
out once more to be a vast one that would 
easily constitute the subject matter for yet 
another chapter 

We turn, then, to the third peispective that 
has concerned students of creativity — proc- 
esses It is this perspective upon which we 
propose to concentrate in the present chapter, 
for it is on processes that research presummg 
to study creativity m children, adolescents, 
and young adults has concentrated To pro- 
pose that there are m fact psychological proc- 
esses that can be appropriately assigned to 
the creativity concept is to argue that these 
processes cannot be embraced within the 
ways that are already at hand for understand- 
ing thinking, that these processes have some 
face validity for being described m terms of 
a disposition for creativity, and that these 


processes are necessary, although they need 
not be sufficient, for the achievement of 
products that the society would construe as 
leflectmg creativity Most of the research con- 
ducted thus far has dealt with the first two 
of these points, and hence these aie the is- 
sues that will mainly concern us Research is 
sorely needed concemmg the third — an im- 
balance that hopefully will be redressed by 
the time the next edition of this book appears 
The eaily history of the concern with think- 
ing processes that aie mvolved m creativity 
(eg, Wallas, 1926, Woodworth and Schlos- 
berg, 1954) tended to make use of concepts 
drawn from the study of problem-solving 
Whether the use of models drawn from gen- 
eral problem-solving can succeed m describ- 
ing thinking piocesses that differ from the 
moie mundane ones, which we would not 
want to call cieative, however, is a moot 
pomt, and one that will be of continuing 
concern to us If problem-solving skill is all 
that the term cieativity can mean at the level 
of psychological piocesses, use of the term 
will gam us nothing The concept of gen- 
eral intelligence has, aftei all, been with us 
for a long time as a descriptive summary for 
the abilities that contribute to effective prob- 
lem-solving, and these abilities have been 
found to cohere m the sense that individuals 
can be reliably ordered in terms of then 
overall competence at coping with the prob- 
lems offered them by their environment 
Indeed, the intelligence concept forms the 
focus of another chapter m this Manual (see 
chapter by Bayley) Are there thinking proc- 
esses, then, that differ from those that form 
the basis foi the general intelligence concept, 
and that at the same time possess face valid- 
ity as signs of creativity? To suggest such 
processes differ from those associated with 
intelligence is to ask whether a dimension 
of individual diffeiences can be located whose 
content reflects piocesses that seem appropri- 
ately descnbed as a disposition for creativity 
or as a creative ability trait, but which is still 
essentially independent of individual differ- 
ences m geneial intelligence 

THE INITIAL STIMULUS 

Guilford and the Structure-of-Intellect Model 

Theoretical Considerations. The major im- 
petus to the search for thinking processes that 
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may be appropriately described as concerned 
with creativity dates from the work of J P 
Guilford and his associates beginning in the 
early 1950s For the last 15 years or so, they 
have been seeking to evaluate a model of how 
humans think that involves three basic con- 
siderations processes or thinking operations 
earned out, contents to which the operations 
are applied, and products that can result 
(eg, Guilford, 1956, 1957, 1959a, 1959b, 
1959c, 1963, 1964, 1967a, 1967b) The kinds 
of process Guilfoid calls attention to may be 
roughly giouped into those concerned with 
raw informational material, those concerned 
with producing fuithei information from what 
is alieady m hand, and the piocess of making 
evaluations concerning information that con- 
fronts us Regarding raw material, Guilford 
distinguishes between cognition — the perceiv- 
ing of data from the outside world — and 
memory — the retention of what has been per- 
ceived Regai ding the pioducing of further 
information, he distinguishes between con- 
vergent thinking — zeiomg m upon an answer 
that is rather precisely implied or specified 
by the nature of the informational givens — 
and diveigent thinking — searching foi ma- 
terial that is only loosely related to what is 
already known, so that one's search model has 
a much more broad-gauged template than in 
the former case The fifth piocess to which 
Guilford calls attention, evaluation , refers in 
turn to whatever is involved m reaching de- 
cisions about the appiopriateness, suitability, 
elegance, or goodness of material that is per- 
ceived, remembeied, reached by convergent 
thinking, or reached by divergent thinking 
The further major considerations involved 
m Guilford's structure-of-mtellect model are 
descriptive m character They concern possi- 
ble distinctions that can be drawn among 
contents to which the forgoing processes can 
be applied — such as meaningful verbal con- 
tent, numbers, or material that repiesents 
nothing beyond itself, and possible distinc- 
tions among the products that can eventuate 
from applying the processes to one or another 
kind of content — such as logical arrangements 
of classification or implication, Our attention 
quickly returns, therefore, to the cognitive 
operations that he postulates and, among 
these, to the concepts of convergent and di- 
vergent thinking in particular Some kind of 
evaluative process, after all, is implicit in 


carrying out any kind of cognitive work, and 
such work must in the nature of the case be- 
gin with the raw materials supplied by the 
senses and memory The core of Guilford's 
analysis of the processes by which thinking is 
earned out thus consists of his distinguishing 
between convergent and divergent cognitive 
operations 

In view of the active natuie of creative per- 
formances, the production aspects or steps 
are most conspicuous and probably most cru- 
cial Among the productive-thinking abilities 
another logical distinction appears With some 
productive-thinking factors and the tests that 
measure them, thinking must at some time 
converge toward one light answer, the sig- 
nificant type of thmking involved has been 
called "convergent thinking " With other pro- 
ductive-thinking factors and their tests, think- 
ing need not come out with a unique answer, 
m fact, going off m different directions con- 
tributes to a better score in such tests This 
type of thinking and these factors come under 
the heading of "divergent" thinking It is in 
divergent thinking that we find the most 
obvious indications of creativity (Guilford, 
1957, pp 111-112) 

In order further to characterize what Guil- 
ford means by divergent thinking, let us turn 
to the specific divergent-thinking subprocesses 
that the Guilford group claims to have iso- 
lated by factor-analytic techniques, and briefly 
describe each (see, eg, Wilson, Guilford, 
Christensen, and Lewis, 1954, Guilford, 
1956, 1959a, 1959b) They aie "word flu- 
ency," "associational fluency,” "ideational 
fluency," "expressional fluency," "spontaneous 
flexibility," "adaptive flexibility,” "redefini- 
tion," and "originality " 

Word fluency refers to the ability to gen- 
erate words that fulfill particular structural 
requirements, such as providing as many words 
as possible that begin with a certain letter or 
solving anagrams 

Associational fluency refeis to the ability 
to rapidly generate words that meet particular 
requirements of meaning, such as providing 
a word which has the same meaning as each 
of a pair of words that differ in meaning 
themselves 

Ideational fluency refers to the ability to 
generate — within a limited time — ideas that 
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will fulfill particular requirements, such as 
naming uses for bricks, naming problems that 
are suggested by certain common situations, 
writing titles for a story plot, or naming the 
consequences that might be entailed by cer- 
tain changes 

Expressions! fluency concerns the ability to 
put rapidly into juxtaposition words that meet 
particular lequnements of sentence structure, 
such as writing alternative four-word sen- 
tences when the first letter of each word m 
the sentence is specified 

Spontaneous flexibility denotes the ability 
to vary one’s ideas over a wide range, even 
though this is not specifically called for on the 
test, such as giving many different categories 
of possible uses for a brick rather than offer- 
ing uses that all fall within the same general 
category 

Adaptive flexibility refers to the ability to 
vary one’s ideas widely when the test requires 
such variety be displayed, foi example, solving 
problems wherein a given number of match- 
sticks must be removed from a particular ar- 
ray of matchstick triangles in such a way that 
a certain number of triangles will remain 

Redefinition concerns the ability to relin- 
quish old ways of construing familial objects 
m order to make use of them foi a new pur- 
pose, such as choosing from among five ob- 
jects one with a part that will serve some 
function alien to the customary usages of 
all the objects (called "Gestalt Transforma- 
tions”) , 

Originality , finally, refers to the making of 
responses that are statistically unique or un- 
usual, such as the giving of uncommon uses 
for a brick, the hypothesizing of nonobvious 
consequences as ones that might follow from 
a particular event, or the offering of plot titles 
that are evaluated as clever 

In sum, then, four of these divergent-think- 
ing factors concern some form of fluency, three 
of them concern some sort of flexibility, and 
one involves novelty or uniqueness Conver- 
gent thinking, on the other hand, refers to 
tests that probe such matters as verbal com- 
prehension, verbal reasoning, the size of a 
person’s vocabulary, and the ability to solve 
mathematics problems It is evident that such 
procedures assess what is commonly referred 
to as the general intelligence concept Here 
too, the Guilford group argues that a large 
number of specific subprocesses are disclosed 


by the results of factor analysis Before turn- 
ing to the evidence that bears upon the ten- 
ability of the Guilford group’s distinction 
between divergent- and convergent-thinking 
processes, however, several further points re- 
qune consideration — two issues concerning 
the face validity of the creativity mdicatois 
and one concerning the relationships among 
individual differences m performance on the 
various tasks that we have described 

Despite the fact that the Guilford group 
defines divergent thinking m terms that op- 
pose a search for particular correct answers, 
they have, as Wallach ind Kogan (1965a) 
point out, embedded their divergent-thmkmg 
tasks within an evaluative testing context — 
hence one that is familiar to the lespondents 
as putting a premium upon the locating of 
right answers By the Guilford group’s own 
definition of divergent thinking as thinking 
which "goes off m different directions,” there- 
fore, an ability-testing context with its nat- 
ural emphasis upon correctness may not be 
maximally conducive to divergent thinking’s 
display 

In addition to its reliance upon a context 
of ability testing and partly as a result of this 
reliance, the Guilford group also has imposed 
time limits — usually quite stringent ones — 
upon its divergent-thinking tasks (Wallach 
and Kogan, 1965a) Again returning to Guil- 
ford’s own definition of divergent thinking, 
however, there would seem to be no reason to 
put a premium upon speed of responding 
Rather, the concept of thinking m different 
directions suggests an emphasis upon freedom 
and spontaneity that is quite inconsistent with 
the imposition of brief time limits upon per- 
formance The face validity of the divergent- 
thmkmg tasks hence would seem greater were 
they administered without time limits and in 
a context that did not carry ability-testing 
connotations 

Can assessors of divergent and convergent 
thinking be distinguished m terms of differ- 
ences that are large enough to be psychologi- 
cally meaningful m the resultant orderings of 
the respondents? This is the crucial empirical 
question that must be asked of the proponents 
of the structure-of-mtellect model, Thorndike 
(1963a, 1963b) and Wallach and Kogan 
(1965a) have argued that Guilford’s diver- 
gent-thinking measures do not correlate with 
one another more strongly than the degree to 
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which they correlate with measures of con- 
vergent thinking If this is the case, one would 
have to conclude that the creativity assessors 
devised by the Guilford group have nothing 
more in common than their correlation with 
traditional intelligence measures The warrant 
for claiming the separate existence of one or 
more cognitive dispositions that should be 
graced with the name of creativity or diver- 
gent thinking as distmct from intelligence 
therefore would be difficult to find This di- 
mensionality issue, however, must be sub- 
jected to closer scrutiny, for it lies at the 
very heart of the Guilford group's research 
enterprise 

To put the issue m peispective, we must 
return briefly to the history of intelligence 
testing In the course of that history can be 
found a controveisy between those who em- 
phasized the existence of a single, broadly 
defined dimension of ability — the G factor — 
and those interested in demonstrating the ex- 
istence of a variety of distinguishable “pri- 
mary mental abilities” (see Thurstone, 1936, 
1938, McNemar, 1964, Vernon, 1965) More 
recently, these positions have become blurred, 
as, on the one hand, various “specific factors” 
come to surround G, and, on the other, a fac- 
toring of the “primary mental ability” factors 
is found to yield a single “second-order” factor 
that accounts for most of the variance in the 
former (see, e g , Burt, 1954, 1958) As 
Thorndike (1963b) puts it 

Although there is a degree of specialization 
of intellectual functioning, so that tests within 
a specific region of content or process cor- 
relate more highly than those from different 
regions, still the correlations across legions 
are appreciably positive It is these uniformly 
positive correlations, whether conceptualized 
as G, or a second-order factor among the pri- 
mary factors, or as an overlapping of group 
factors, that give some substance to the gen- 
eral concept of abstract intelligence (pp 
46-47), 

An example of the evidence on this point 
is provided by Kennedy (I960), who isolated 
for study a group of 40 adolescents from a 
pool of 5000 applicants on the basis of pro- 
ficiency m mathematics Specific selection of 
this kind m terms of mathematics skill was 
found to yield a group that was extremely 


high on all of a variety of measuies of verbal 
and of performance intelligence The stiongly 
unitary character of general intelligence m 
terms of high mtercorrelations among dif- 
ferent kinds of assessment thus is demon- 
strated Similar findings by Wallach and Kogan 
(1965a) pomt to high mterconelations for 
J51 fifth graders among measures of verbal 
aptitude, mathematical aptitude, and verbal 
and quantitative academic achievement An- 
other instance is provided m a recent study of 
adolescents by Hoepfner, Nihna, and Guil- 
ford (1966) Evidence for a large variety of 
separate factors within the general intelli- 
gence domain is claimed, yet inspection of 
the test mtercorrelations indicates a high or- 
der of relationship among the vast majority 
of pairs of variables 

The result is that a ranking of individuals 
m terms of one measure of intelligence or con- 
vergent thinking will have a high degree of 
correspondence with the rankmg that will re- 
sult from application of another such mea- 
sure, Still, there will be some differences, and 
Guilford would propose that these differences 
are of predictive significance Recent articles 
by McNemar (1964) and Vernon (1965), 
however, have argued persuasively that no 
grounds exist in terms of predictive validity 
foi the making of any further ability distinc- 
tions beyond a G factor within the general 
intelligence domain In terms of predicting 
outside criteria of almost any practical kind, 
m other words, a reliable index of general in- 
telligence does just about as well as a mea- 
sure of any more specific thinking character- 
istic that lies somewhere within the general 
intelligence area 

In the absence of clear support for making 
distinctions among conventional intelligence 
or convergent thinking abilities, we must ask, 
then, if there is an empirical warrant for mak- 
ing any distinction at all between such abili- 
ties and those described in terms of divergent 
thinking, before turning to the Guilford group's 
even more extreme claim that a number of 
divergent-thinking abilities can be usefully 
distinguished from one another The ideal 
state of affairs would exist if one had ade- 
quate criteria of creative accomplishments in 
hand, against which one could then evaluate 
purported assessors of divergent thinking 
Such criteria are hard to come by within the 
age range hounded by young adulthood, how- 
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ever, studies concerned with thinking pio- 
cesses that may be implicated m creativity 
have concentrated on this age range We thus 
are forced to consider first correlations among 
the measures of divergent and conveigent 
thinking themselves 

Factor analysis as such, the research tool 
upon which the Guilford group depends for 
examining these correlations, does not seem 
to provide a satisfactory way of answering 
the dimensionality question Guilford (eg, 
1956) assumes that any factor emerging from 
the application of his tests which does not 
seem to be specific to the tests defining it 
ought to be included m his psychological 
model It is extiemely unlikely, howevei, that 
the 100 or so factors that can be isolated m 
this manner lepresent piedictively useful dis- 
tinctions To follow Guilford’s practice of 
using the statistical separability of factors as 
the ground for claiming the psychological dis- 
tmguishabihty of traits or dispositions thus 
does not seem defensible Distinctions of some 
kind can, after all, be made almost without 
end, depending simply upon how refined is 
the choice of tests administered to the re- 
spondents Thorndike (1963a, 1963b) and 
Wallach and Kogan (1965a) therefore propose 
a somewhat different approach to the dimen- 
sionality question They argue that the war- 
rant for claiming an empirically separable 
divergent-thinking domain depends — once the 
matter of face validity is taken care of — upon 
showing that the divei gent-thinking tasks 
share a substantial amount of vanance in 
common, that they share substantially less 
vanance with convergent-thinking tasks than 
they share with one another, and that the 
measures of convergent thinking share a sub- 
stantial amount of variance m common as 
well 

The formulation just described differs, 
really, in only one major respect from that 
advanced by the Guilford group Both ap- 
proaches to the dimensionality issue must, 
after all, be based upon some prior theonzmg 
concerning what cognitive measuies to in- 
clude m one’s assessment attempts They do 
not therefore differ m this regard The basic 
difference is that the stipulations that there 
be ‘substantial” amounts of shared variance 
among measures within both the divergent 
and the convergent-thinking domains, and of 
unshared vanance between the two domains, 


represent a more conservative basis for de- 
fining a dimension than does the statistical 
criterion used m factor analysis of the Guil- 
ford variety The statistical rule in question 
settles for only a minimal amount of distin- 
guishable vanance m common, whereas the 
alternative formulation asks for considerably 
more than that Why does it seem appropriate 
to require a conservative basis for claiming 
the separability of divergent thinking as a 
process or set of processes? Because m the 
absence of clear external validating criteria 
for divergent-thinking abilities, our primary 
empirical giound for defending their separate 
status rests upon their distinguishability from 
conventional intelligence measures in terms of 
the ordenngs of individuals that are obtained 
Recall that little empirical warrant can be 
mustered for the psychological utility of dis- 
tinguishing among the small differences in 
oidenngs of respondents that result from the 
application of one or another measure m the 
general intelligence domain In the light of 
that outcome, we must be suspicious indeed 
when a whole class of thinking operations is 
proposed, under the name of divergent think- 
ing or creativity, as separable from the proc- 
esses measured by conventional intelligence 
tests 

What is the evidence, then, concerning the 
dimensionality of the factors that Guilford 
and his associates take as contributing to 
cieative thinking? In the two sections that 
follow we shall consider studies with young 
adults and with children that have been car- 
ried out by the Guilford group or by others 
using essentially the same divergent-thinking 
measures In explonng this research we shall 
inquire, first, to what degree the divergent- 
thinking factors cohere, despite their differ- 
ences, as a relatively unified dimension and, 
second, whether this dimension in turn can 
be distinguished from the factors that have 
been identified with convergent thinking We 
have found that convergent-thinking factors 
possess sufficient variance m common to jus- 
tify assigning them to a single dimension of 
individual differences — that of general intel- 
ligence The creativity domain, on the other 
hand, may or may not constitute a unitary di- 
mension If not, then we must consider what- 
ever subparts emerge, and ask for each sub- 
part whether it shows a substantially greater 
degree of internal consistency than the degree 
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to which it correlates with measures of con- 
vergent thinking 

Studies with Young Adults. Thorndike 
(1963b) has subjected studies by the Guil- 
foid group to reanalysis along the lines that 
we have been considering His procedure was 
to take the two tests possessing the strongest 
loadings on a given factor as representative of 
that factor, and he has distinguished between 
divergent- and convergent-thinking factors in 
accordance with the Guilford group's con- 
cepts concerning these abilities Thorndike 
compaies the magnitudes of the average cor- 
relation among tests lepresenting convergent 
thinking, the average correlation among tests 
representing diveigent thinking, and the aver- 
age correlation between these two groups of 
tests In the first of two studies analyzed in 
this manner by Thorndike, results by Guilford 
and Chnstensen (1956) were considered 
From the Guilford and Christensen factor 
analysis there emerged three factors m the 
convergent-thinking domain “verbal compre- 
hension," “general reasoning,” and “educ- 
tion-verbal correlation” Five other factors 
that emerged weie taken by Guilford and 
Christensen, to refer to divergent thinking 
“word fluency,” “associational fluency,” “ide- 
ational fluency,” “expiessional fluency,” and 
“originality” Taking the two highest-loading 
tests to stand for each factor, Thorndike found 
that the average correlation among the con- 
vergent-thinking measures was 43, the aver- 
age correlation among the divergent-thinking 
measures was 27, and the average of the cor- 
relations between these two sets of measures 
was 24 Thus the divergent-thinking measures 
have little variance m common apart from the 
variance that they also share with the con- 
vergent-thinking domain 

A comparable analysis was carried out by 
Thorndike (1963b) of a study by Wilson, 
Guilford, Christensen, and Lewis (1954) 
Here the Guilford group found evidence for 
six factors of convergent thinking and eight 
factors taken to reflect divergent thinking 
The convergent-thinking factors were “ver- 
bal,” “numerical ” “perceptual,” “visualizing,” 
“reasoning,” and “closure” The divergent- 
thinking factors were “word fluency,” “asso- 
ciational fluency,” “ideational fluency,” “spon- 
taneous flexibility,” “adaptive flexibility,” 
“redefinition,” “originality,” and “sensitivity to 


problems” 1 With the two highest-loading 
tests again taken to represent each factor, 
Thorndike found the average correlation 
among the convergent-thinking tests to be 
23, the average correlation among the diver- 
gent-thinking tests to be 14, and the average 
correlation between the two domains to be 
12 Thus the divergent-thinking tasks again 
are found to have little variance m common 
apart from the degree to which they are also 
related to the convergent-thinking tasks 

By using a proceduie identical to Thorn- 
dike's, Ward (1966) reanalyzed the data 
from yet a third study by the Guilfoid group 
and ob tamed the same results For a study by 
Guilford, Frick, Chnstensen, and Mernfield 
(1957), the average correlation among the 
conveigent-thmkmg measures was 24, the 
average con elation among the diveigent- 
thinking measures was 18, and the average 
correlation between these domains was 15 
All of the studies that we described utilized 
young adult males as subjects None of them 
found correlations among divergent-thinking 
factors to be appreciably higher than those 
between divergent- and convergent-thinking 
factors 

Although divergent thinking as a whole 
therefore does not seem to be distinguishable 
from convergent thinking, might some subset 
of the tasks defining the divergent-thinking 
domain turn out to be distinguishable in this 
regard? With this question m mind, let us 
first return to the evidence already consid- 
ered, and then go on to further studies The 
divergent-thinking factors fall, as noted ear- 
lier, into three groupings four concerned 

1 Strictly speaking, the factor of “sensitivity to 
problems” is considered an evaluative rather than 
a divergent-thinking factor by the Guilford group, 
yet they believe it to be relevant to creativity in 
thinking Sensitivity to problems concerns the 
ability to describe problems or difficulties that 
may anse in connection with various situations 
Its tests are rather similar in fact to some of those 
used to tap the factor of “ideational fluency ” 
Thus, although all the factors that are taken to 
reflect divergent thinking are considered by Guil- 
ford to be relevant to creativity, an occasional 
factor defined as outside the divergent-thinking 
domain also has been discussed by Guilford in 
relation to creativity With but an occasional 
exception such as this, however, Guilford takes 
the term “creativity” to be roughly synonymous 
with his set of divergent-thinking factors 
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with fluency, three with flexibility, and one 
with originality We again take the two high- 
est-loading tests to represent a factor, and 
draw upon reanalyses of the Guilford gioup’s 
studies by Thorndike (1963b) and Waid 
(1966) 

Turning first to fluency, recall that Guilford 
and Christensen (1956) obtained four fluency 
factors Their average mtercorrelation is 
29, whereas the average correlation between 
the fluency factors and the convergent-think- 
ing domain is found to be 24 Three fluency 
factors emerged m the study by Wilson et al 
(1954) Their average intercorrelation is 
found to be 23, and then average correlation 
with convergent thinking, 14 In the study by 
Guilford et al (1957), only one fluency fac- 
toi was found — ideational fluency — and its 
con elation with the convei gent-thinking do- 
main turns out to be 01 Some evidence begins 
to emerge, then, foi the distmguishability of 
the fluencies from convergent thinking Thorn- 
dike (1963b), furthermore, has pointed out 
that in both the study by Guilford and Chris- 
tensen and that by Wilson et al , the 
word-fluency factor actually correlates more 
strongly (in the latter study, twice as strongly) 
with the convergent-thinking domain than 
with the divergent-thinking domain Thorn- 
dike therefore suggests, although admittedly 
this is post hoc, that we delete word fluency 
from the divergent-thinking domain Follow- 
ing his prescnption, the three remaining flu- 
ency factors m the Guilford and Christensen 
study are found to correlate 31 among them- 
selves and 22 with convergent thinking, 
whereas the two remaining fluency factors m 
the Wilson et al study are found to correlate 
28 among themselves and 08 with conver- 
gent thinking Perhaps therefore the fluency 
factors — especially if one deletes word flu- 
ency — correlate more strongly among them- 
selves than they do with convergent thinking 
Turning next to flexibility, the studies by 
Wilson et al (1954) and by Guilford et al 
(1957) each yielded three flexibility factors 
In the Wilson group’s research, the mean cor- 
relation within the set of flexibility factors was 
13, while that between the flexibility factors 
and convergent thinking was ,15 In die Guil- 
ford study, the corresponding mean correla- 
tions were 24 and 20, respectively. Taking 
both studies together, the flexibility factors 
thus do not seem more strongly related among 


themselves than the degree of their relation- 
ship with convergent thinking 

Originality, finally, is defined only by a 
single factor m Guilford’s model In the three 
studies that we have been considering, the 
tests representing this factor are found to 
possess average correlations with general in- 
telligence of ,25 (Guilford and Christensen, 
1956), 01 (Wilson et al, 1954), and 19 
(Guilford et al , 1957) On balance, then, 
there do not seem to be clear grounds for 
considering originality distinguishable from 
convergent thinking 

The conclusion thus far appears to be that 
although the divergent-thinking domain in toto 
is not distinguishable from convergent think- 
ing, one part of that domain — the fluency 
factors, especially with word fluency deleted — 
may be distinguishable m some degree No 
evidence, m turn, for the distmguishability 
fiom intelligence of the flexibility factors or 
of originality could be claimed With these 
tentative geneializations in hand, we proceed 
to othei repoits for further clarification 

In a detailed study of the originality do- 
main as Guilford would define it, Barron 
(1955, 1957, 1963) administered to 100 
young male adults eight tasks designed to 
probe the domain m question Included, for 
example, was an unusual-uses procedure scored 
for infrequency, in the sample under study, of 
the uses proposed, a consequences procedure 
m which the subject was to write down what 
would happen if certain changes were sud- 
denly to occur, with the scoring m terms of 
how nonobvious were the imagined conse- 
quences, and a plot titles instrument m which, 
for each of two story plots, the subject was to 
write as many titles as possible, with the titles 
then scored for cleverness (see Guilford, Wil- 
son, Christensen, and Lewis, 1951, Guilford, 
Wilson, and Christensen, 1952) The average 
of the 28 correlations among all possible pairs 
of originality measures was found to be 19 
A composite originality score was constructed 
by summing the standard scores on all eight 
measures, and this composite was found to 
correlate 33 with a general intelligence in- 
dex — the Terman Concept Mastery Test 
Whatever major dimensionality the originality 
measures possessed therefore was accountable 
for m terms of the measures’ correlation with 
convergent thinking 

Barron went on, however, to partial out the 
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effects of intelligence as defined by the Con- 
cept Mastery Test from his composite origin- 
ality score, and then to study the relationships 
that remained among the composite score and 
a range of other variables that had been gath- 
ered on the sample during the course of a 
3-day “living-in” assessment regime And here 
an intriguing finding emerged with the effects 
of intelligence partialled out, the major cog- 
nitive dimension that remained m terms of 
partial correlations with the originality com- 
posite appeared to be best definable as some- 
thing like ideational fluency Comprising the 
dimension were such measures as the number 
of kinds of idea discerned m sets of varied ob- 
jects and properties, the number of different 
determinants made use of m ones Rorschach 
responses, degiee of fluency and motility m 
acting out a charades task, degree of partici- 
pation m an improvisation task, and a staff 
ratmg provided for fluency of ideas Part of 
the tendency to give unusual or original re- 
sponses, then, seems to arise as a function of 
greater response fluency or productivity, and 
this part, along with fluency or productivity 
itself, seems to be separable from convergent 
thinking 

Additional evidence along the same lines 
was reported by Chnstensen, Guilford, and 
Wilson (1957), here uncommonness of uses 
and remoteness of consequences were found 
to be greater for later than for earlier re- 
sponses m the sequence produced by the sub- 
ject Interestingly enough, cleverness of plot 
titles was not found to vary with number of 
responses m this way, suggesting a distinction 
within the originality domain between forms 
of originality that are dependent upon fluency 
of output and forms that are not Those de- 
pendent on fluency of output seem to concern 
statistical infrequency of content, whereas 
those not dependent seem more concerned 
with verbal facility 

A recent study by Garwood (1964) casts 
further light on the empirical link between 
ideational fluency and originality of content 
when they are investigated by similar pro- 
cedures With 105 young adult male students 
as subjects, two measures — the total number 
of feasible uses offered, and the total num- 
ber of feasible uses that were fully unique in 
the sense of their being offered as a use for the 
given object by only one person in the sam- 
ple — were strongly correlated hi an alternate- 


uses task m which the respondent was to list 
uses other than the primary one for common 
objects (Wilson, Chnstensen, Memfield, and 
Guilford, 1960) Similarly, two measures cor- 
related strongly m a consequences task where 
the subject was to list all the consequences he 
could imagine if each of vanous proposed 
changes were to occur (Chnstensen, Mem- 
field, and Guilford, 1958) , these measures are 
the total number of relevant consequences 
offered and the total number of suggested 
consequences that were remote, that is, tem- 
porally or geographically distant That the 
measure of unusual responses correlated with 
the measure of total number of responses 
within a given procedure of course would be 
expected on analytic grounds because of the 
part-whole relationship between the scores 
The measure of unusual responses on either 
procedure, however, also correlated substanti- 
ally with the measure of tdtal number of re- 
sponses on the other, thus supporting the 
view already fostered by the Barron and the 
Christensen et al (1957) results that there 
is an aspect of originality which is m fact tied 
to fluency of output 

But does Garwood’s work provide any evi- 
dence on the issue of relationships to conver- 
gent thinking abilities? Regrettably, her final 
creativity measure was a composite which 
also included scores on other Guilford-type 
tasks, such as a matchstick procedure designed 
to assess the factor of adaptive flexibility 
(Marks, Guilford, and Memfield, 1959) and 
a Gestalt transformations procedure in which 
the respondent had to indicate which of a set 
of objects could best serve a specified purpose 
alien to the customary usage of the objects — 
a measure for assessing the factor of redefini- 
tion (Guilford, Wilson, and Chnstensen, 
1952) These flexibility assessors had weak 
and ambiguous correlations with the fluency 
and originality indices discussed earlier With 
our previously formed suspicion that measures 
of flexibility factors may not be distinguish- 
able from the convergent-thinking domain, 
we are not surprised to find that Garwood’s 
composite creativity index showed some de- 
gree of relationship to general intelligence 
indicators It would be interesting to know, of 
course, if the relationship with intelligence 
would disappear m a comparison involving 
the measures of ideational fluency m partic- 
ular 
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Studies with Children and Adolescents 
Our review continues with studies concerning 
the Guilford group’s tasks as applied to some- 
what younger subjects Wheie the "adoles- 
cent” grouping of this section ends and the 
"young adult” groupmg of the previous sec- 
tion picks up is partly an arbitrary matter, 
we take this point roughly as corresponding 
to the student's leaving high school 

Cline, Richards, and Abe (1962) and Cline, 
Richards, and Needham (1963) administered 
to high school students of both sexes a battery 
of tasks designed to tap a range of divergent- 
thinking factors The creativity indices, as 
taken from the Guilford groups work, pro- 
vided measures of ideational fluency, associa- 
tional fluency, spontaneous flexibility, adaptive 
flexibility, redefinition, and originality Cali- 
fornia Mental Matunty Inventory scores pio- 
vided an intelligence measure, and grade 
point averages also were collected In the 
Cline, Richards, and Abe study, the aver- 
age correlation among the divergent-thinking 
measures was 21 for males and 22 for fe- 
males, while the average con elation between 
the divergent-thinking indices and intelligence 
was 35 for males and 32 for females In the 
Clme, Richards, and Needham study, the 
comparable correlations were 21 and 24 for 
males and females, respectively, within the di- 
vergent-thmkmg domam, 35 and 33 for males 
and females, respectively, between divergent 
thinking and intelligence Results were essen- 
tially the same if we consider the measures of 
fluency, flexibility, and originality as separate 
subgroups Data on academic achievement 
were found, in the work by Clme and his col- 
laborators, to behave like intelligence scores 
correlations between grade-pomt average and 
the creativity tasks are if anything stronger, 
on the average, than correlations among the 
divergent-thinking tasks themselves As would 
be expected from this outcome, intelligence 
and grade-point average are m turn quite 
highly related In sum, both of these studies, 
using a broad range of divergent-thinking 
tasks, did not find the Guilford procedures as 
a group, nor any relevant subgioup of these 
procedures, cohermg to a degree that sug- 
gested their possessing any common psycho- 
logical meaning apart from what was indicated 
by their correlating with general intelligence 
or academic achievement, that is, convergent 
thinking 


Other studies that tended to yield either 
negative or ambiguous findings concerning 
the divei gent-thmkmg-convergen t-th inking 
separation include the following Iscoe and 
Pieice-Jones (1964) found, for 267 children 
of ages 5 to 9, that most of a large number of 
correlations between a set of intelligence 
measures on the one hand and measures of 
ideational fluency and spontaneous flexibility 
on the othei turned out to be significant 
Klausmeier, Hams, and Ethnathios (1962) 
investigated several fluency measures m rela- 
tion to teacher ratings for the kinds of fluency 
under consideration, with almost 200 tenth 
and eleventh graders as subjects Although 
moderate positive relationships were obtamed 
between the teacher ratings and the fluency 
indices, no examination of possible relation- 
ships to general intelligence was earned out 
Given the possibility of halo effects from in- 
telligence information as an influence upon 
the teachers’ ratings, it could well be that the 
degree of relationship obtained between flu- 
ency ratings by teachers and fluency scores 
on the tests depended on variance shaied by 
each of these indicators in the present study 
with intelligence In another study, Klaus- 
meier and Wiersma (1964) administered a 
heterogeneous range of divergent thinking 
tasks to fifth and seventh graders, but they 
did not investigate the relationships among 
these tasks or the degree of their relationship 
to intelligence indicators Anderson ( 1966) , in 
an extensive investigation of seventh graders, 
found a range of convergent-thinking tasks to 
separate m some degree from a range of di- 
vergent-thinking tasks, but he then found in- 
dividual differences on the convergent-thinking 
composite score to correlate 51 with individ- 
ual differences on the divergent-thinking com- 
posite scoie — a very substantial correlation 
indeed for a sample of 320 childien Compared 
to a number of other variables that were stud- 
ied, the most powerful predictor by far of 
scores on the divergent-thinking composite in- 
dex turned out to be scores on the convergent- 
thinking composite index 2 
A number of reports can be located, how- 
ever, which suggest the separability from con- 
vergent thinking of one part of the divergent- 
thinking domain as Guilford defined it once 

2 See also Cropley, 1966 
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again, it is ideational fluency this work tends 
to point toward 

Research by Gewirtz (1948a, 1948b) and 
by Bereiter (1960, 1961) helps to clarify the 
detachment of word fluency from the diver- 
gent thinking domain and its assignment 
rather to the general intelligence category 
With children of ages 5 to 6J 4 years, Gewirtz 
(1948a, 1948b) found measures of the word 
fluency variety to mtercorrelate strongly among 
themselves and also with a Stanford-Bmet 
measure of intelligence Other fluency tasks, 
closer m character to the Guilford group’s 
definition of ideational fluency, on the other 
hand, have been found m Bereiter s (1961) 
reanalysis of the Gewntz data to load heavily 
on a factor to which the Stanford-Bmet mea- 
sure makes no contribution at all The tasks 
found to load heavily on this intelligence-free 
factor included a measure of the child’s nam- 
ing as many objects as possible and a measure 
of the number of diffeient words used by the 
child m describing his house Such indices 
would seem to depend m fair degree upon 
the number of ideational possibilities that the 
child can conjure up In a study of ovei 250 
tenth graders, Bereiter (1960) m turn found 
no clear warrant for viewing verbal and ide- 
ational forms of fluency as having much m 
common psychologically One therefore be- 
gins to glimpse the possibility that not only 
should word fluency be banished from the 
divergent thinking category but that the con- 
cept of ideational fluency may be paradigma- 
tic for the kind of cognitive performance that 
is maximally cohesive m itself and maximally 
distinguishable from convergent thinking 

Using a range of Guilford divergent-think- 
ing tests with a sample of 114 seventh and 
eighth graders, Piers, Daniels, and Quacken- 
bush (1960) found the average correlation 
among the divergent-thinking indicators — in- 
cluding measures of both originality and ide- 
ational fluency — to be 26, while their average 
relationship with the Otis Intelligence Test was 
19 However, separation of the divergent- 
thinking tasks into those concerned with orig- 
inality and those concerned with ideational 
fluency yielded a different picture The foui 
measures designed to tap originality exhibited 
an average correlation of 37 among them- 
selves and an average correlation of 31 with 
intelligence The three measures designed to 
tap ideational fluency, on the other hand, al- 


though also showmg a satisfactory degree of 
internal coherence with an average correla- 
tion of 36 among themselves, manifested an 
average correlation of — 03 with intelligence 
Thus, wheieas the originality indicators cor- 
related to about the same degree with intel- 
ligence as they did among themselves, the 
ideational fluency measures correlated sub- 
stantially among themselves but not at all 
with general intelligence 

With a sample of more than 1000 seventh 
graders, McGuire, Hmdsman, King, and Jen- 
nings (1961) administered, among other tasks, 
such “convergent-thinking” indicators as the 
California Test of Mental Maturity, a Sequen- 
tial Test of Educational Progress instrument 
concerned with the compiehension of verbal 
passages and questions that were read aloud 
(the STEP “listening” test), and a test con- 
cerned with the ability to reason about pic- 
tonally presented mechanical situations Also 
administered weie such presumed “divergent- 
thinking” indicatois as a word fluency task m 
which the subject was to write words that 
rhyme with given woids, the Gestalt trans- 
formations task as a measure of the factor of 
redefinition, an ideational fluency mdicatoi in 
which the subject was to list different possible 
consequences of various proposed changes, 
and another ideational fluency measure in 
which the subject was to list possible prob- 
lems suggested by various common situations 
(see Frick, Guilfoid, Christensen, and Merri- 
field, 1959, Guilford, Wilson, Christensen, and 
Lewis, 1951, Wilson, Guilford, and Christen- 
sen, 1953, and Wilson, Guilford, Christensen, 
and Lewis, 1954) 

Two strong factors that differentiated the 
preceding measures in a quite intriguing way 
resulted fiom analytic lotation to an oithog- 
onal Varimax solution Following, rounded to 
the nearest tenth, are the respective loadings 
on these two factors for the measures just de- 
scribed California Test of Mental Maturity, 
6 and 2, STEP “listening” test, 7 and 2, 
mechanical reasoning test, 6 and 1, word 
fluency task, 6 and 3, Gestalt transforma- 
tions measure of redefinition, 6 and 0, " con- 
sequences” measure of ideational fluency, .3 
and 6, “common situations” measure of ide- 
ational fluency, 2 and *6 Hence we find a 
clear general intelligence cluster, adhering to 
which are an mdicator of word fluency and 
an indicator of one of Guilford’s flexibility 
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factors, redefinition There also emerges, how- 
ever, another factor that is heavily defined by 
the ideational fluency measures, which, m 
turn, have minimal loadings on the general in- 
telligence factor Not only is a strong sep- 
aration suggested by these results between 
ideational fluency and convergent thinking 
therefore, but we also find two other ostensible 
measures from the divergent-thinking domam 
— tasks assessing word fluency and one of the 
flexibilities — cohering strongly with the con- 
vergent-thinking cluster 
In a study of almost 200 students m the 
II- to 15-year-old range, Clark, Veldman, and 
Thorpe (1965) utilized a type of originality 
scormg that, as we indicated m considermg 
Garwood's (1964) study, has been found to 
correlate quite highly with ideational fluency 
Such Guilford tasks as the “consequences” 
and “common situations” procedures already 
described were scored for the number of sta- 
tistically unique yet relevant lesponses offered 
by the subject When individual differences 
on such a uniqueness measure were correlated 
for a sample of both sexes with total IQ scores 
on the Cahfomia Test of Mental Maturity, the 
result was an r of only 04 Here is suggestive 
evidence once again, then, that measures m 
and around the ideational fluency domain 
may be relatively independent of convergent 
thinking The present study is less than con- 
clusive, however, since, contrary to what we 
would expect, a reading achievement meas- 
ure correlated with the uniqueness index 
rather than with the intelligence index On 
the other hand, various Rorschach indicators 
reflective of the degree to which the respon- 
dent gives free rein to imaginative production 
were found to correlate with the uniqueness 
mdex and not with the intelligence index, 
these indicators included the number of move- 
ment responses given and the incidence of 
signs presumed to reflect anxiety The per- 
ception of movement m Rorschach patterns 
and scores on measures that have been as- 
sumed to indicate “anxiety” will be of intei est 
to us later in the chapter 
A set of 10 measures, designed to tap ide- 
ational fluency, spontaneous flexibility, and 
originality, was utilized m a recent study by 
May and Metcalf (1965) concerning eighth- 
grade students Correlations among these 
measures were presented, as were their rela- 
tionships with an intelligence index— a “ver- 


bal reasoning test” containing verbal analogy 
items Taking first the three ideational fluency 
measures, correlations among them averaged 
60, whereas their average correlation with 
the intelligence measure was 04 Tummg to 
the three measures of spontaneous flexibility, 
the average correlation among them was 41, 
whereas their average correlation with intel- 
ligence was 13 The four originality meas- 
ures, finally, yielded an average correlation of 
23 among themselves, and an average cor- 
relation of 17 with intelligence Thus it is the 
ideational fluency indices therefore that show 
the strongest coherence among themselves 
and also show the greatest independence from 
intelligence 

Feldhusen, Denny, and Condon (1965), m 
another recent report, utilized an alternate 
uses task as the basis for assessing spontane- 
ous flexibility, while usmg a consequences pro- 
cedure as the basis for assessing both ide- 
ational fluency and originality Seventh and 
eighth graders were the subjects Indicators 
of both intellective aptitude (the School and 
College Ability Tests) and academic achieve- 
ment (the Sequential Tests of Educational 
Progress) were available as convergent-think- 
ing assessors Ideational fluency was found to 
be independent of the SCAT and STEP mea- 
sures for both sexes Spontaneous flexibility, 
on the other hand, was found to be related to 
the SCAT and STEP measures for both sexes 
Originality, finally, turned out to be related 
to the convergent-thinking indicatois for the 
boys but not foi the gills Once again, then, 
ideational fluency was essentially indepen- 
dent of convergent thinking 
Finally, consider a papei by Oipet and 
Meyers (1966) concerned with 100 6-year- 
olds Within the divergent-thmkmg domam, 
only tasks dealing with ideational fluency were 
administered Various general intelligence as- 
sessors, howevei, also were included m the 
battery From a factor analysis with an or- 
thogonal Vanmax rotation there emeiged a 
clear factor whose highest loadings were pro- 
vided by the four tasks that weie taken to 
represent ideational fluency. At issue m all of 
these tasks was the number of acceptable 
ideational responses produced by the child 
Loadings for these tasks ranged from 57 to 66 
on the factor m question, By contrast, typical 
intelligence measures have loadings that do 
not exceed 30 on the ideational fluency fac- 
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tor Turning to the factor on which the WISC 
vocabulary and WISC comprehension sub- 
tests both have then- highest loadings ( 71 
and 69, respectively), the four ideational 
fluency tasks have loadings that range from 
02 to 22 Considerable separation seems to 
exist here, then, between ideational fluency 
and typical intelligence measures 
The Evidence m Retrospect. In this part 
of the chapter we have been considering evi- 
dence bearing on Guilford's divergent-think- 
ing formulation where the operations utilized 
have been taken directly from the Guilford 
group's work or have stayed very close to the 
procedures devised by Guilford and his as- 
sociates Several generalizations have emerged 
from passing this evidence m review, Most 
clearly supported as a dimension of individ- 
ual differences independent fiom the conver- 
gent-thinking domain but also cohesive in its 
own right when one measures it m different 
ways has been what Guilford defines as idea- 
tional fluency the person's ability to generate 
in plentiful number ideas that are appropriate 
to a given task constraint Fluency with re- 
spect to words instead of ideas, which Guil- 
ford defines as the word-fluency concept, 
seems to have much more m common with 
general intelligence than with ideational flu- 
ency One also begins to suspect that insofar 
as the other two fluency concepts dealt with 
by the Guilford group — associational and ex- 
pressional fluency — move closer m particular 
task materials to tapping facility with words, 
they will end up more strongly aligned with 
general intelligence, whereas insofar as par- 
ticular task contents for those concepts move 
closer to tapping facility with producing ideas 
as distinct from specific verbal trappings, the 
concepts will end up more strongly aligned 
with ideational fluency Among the fluencies, 
m other words, as well as among all the di- 
vergent-thinking characteristics that have been 
proposed, it is the ideational fluency notion 
that seems to define the kind of cognitive 
functioning that is most clearly independent 
of convergent thinking 
Little evidence, m turn, supports the ten- 
abihty of viewing any of the three flexibility 
concepts — spontaneous flexibility, adaptive 
flexibility, and redefinition — as more cohesive 
in its own right than the degree to which that 
concept merges with general intelligence The 
set-shifting ability that these concepts imply 


is more closely identified empirically with the 
traditional intelligence domam than with some 
different kind of functioning that might prop- 
erly be consideied an aspect of creativity 

In considering the originality concept, fin- 
ally, the situation seems more ambiguous 
Sometimes the originality indicators seem to 
be more related to convergent thinking, some- 
times less so We begm to suspect that the 
originality concept therefore may not have 
been defined with maximum clanty m its ini- 
tial formulation by the Guilford group In 
fact, the dnft of the evidence suggests that 
originality measures may turn out to be more 
independent of intelligence to the extent that 
they correlate with ideational fluency mea- 
sures, and more related with intelligence to 
the extent that they are independent of idea- 
tional fluency measures 

It may be that originality measures will 
tend to exhibit independence from intelligence 
if they depend upon assessing the uniqueness 
or unusualness of the ideas that a person gen- 
erates, whereas they will tend to show rela- 
tionships with intelligence if they depend 
upon a judgment of cleverness or facility m 
choice of words for expressing one's ideas 
The kind of originality that is independent of 
intelligence, then, may be the kind that is 
facilitated by high ideational fluency unusual 
or unique ideas are likely to occur later in a 
sequence of responses to a given task, so that 
the more plentiful the person's flow of ideas, 
the more likely he is to hit upon original ones 
The giving of unusual uses for a brick, or of 
remote consequences as possibilities to which 
a particular event may lead, would be more 
likely to the extent that the respondent offers 
a larger number of uses or suggests a larger 
number of consequences to begin with The 
kind of originality that correlates with intelli- 
gence, on the other hand, may be the kind 
that resides in sheer cleverness of verbal ex- 
pression, which should depend heavily upon 
vocabulary size The offering of plot titles 
that seem more out of the ordinary and hence 
earn higher “cleverness” scores may consti- 
tute an example of this second meaning for 
originality 

One final point should be emphasized The 
vast majority of the studies that we reviewed 
administered the “divergent-thmkmg” tasks 
with relatively brief time limits and m an 
ability-testing context, that is, group admin- 
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istration in a classroom As we pomted out 
earlier, however, emphasis upon speed of re- 
sponse and presence of the implication that 
there are correct answers would not seem to 
have an appiopnate part m attempting to as- 
sess a persons talent for thinking in diver- 
gent ways Were the task contexts less evalu- 
ative and the time limits more lenient or even 
nonexistent, therefore, the evidence for the 
independence from intelligence of ideational 
fluency and of forms of originality that are 
related to such fluency might have been even 
stronger 

DIRECT DESCENDANTS OF THE 
GUILFORD TRADITION 

Two lines of further research stem directly 
from the work of the Guilford group, m the 
sense of leaning heavily upon that group for 
deriving a number of piocedures, and also m 
the sense of samplmg a comparably broad 
range of cognitive skills as presumably con- 
stituting what should be defined as creativity 
m dunking processes the program of E P 
Torrance and the work of Getzels and Jack- 
son Both of these lines of research differ 
from most of what has already been consid- 
ered, on the other hand, m that they both de- 
vote attention to the developing of further 
assessment procedures We turn first to the 
work of Torrance and of other investigates 
who have utilized his assessment devices 
Then, in the next part of the chapter, we 
shall consider the work of Getzels and Jack- 
son 

Torrance’s Studies and Related Work 

Theoretical Considerations Torrance de- 
fines creative thinking as "a process of be- 
coming sensitive to problems, deficiencies, 
gaps in knowledge, missing elements, dishar- 
monies, and so on identifying the difficulty, 
searching for solutions, making guesses, or 
formulating hypotheses about the deficiencies, 
testing and retesting these hypotheses and 
possibily modifying and letestmg them, and 
finally communicating the lesults” (Torrance, 
1966a, p 6) Thus Torrance considers the 
entire problem-solving sequence, m its broad- 
est sense — from detecting a problem to com- 
municating one’s solution — to be the appro- 
priate referent for the notion of creativity m 
thinking processes It is difficult, as a matter 


of fact, to detect much clear divergence be- 
tween the forgomg definition and customarv 
views of what intelligence involves For ex- 
ample, compare this to Wechsler’s definition 
of general intelligence “Intelligence is the 
aggregate or global capacity of the individual 
to act purposefully, to think rationally and 
to deal effectively with his environment” 
(Wechsler, 1952, p 3) The Torrance defini- 
tion seems to include everything contained m 
Wechsler s, but to add explicit references to 
divergent thinking “searching for solutions, 
making guesses, oi formulating hypotheses 
” Thus what Torrance seems to mean by 
creativity is a general intelligence concept 
liberalized by the addition of references to a 
problem-solution phase m which it is useful 
for thinking to go off m different directions 
If anything, then, Torrance’s concept of crea- 
tivity is even broader than that of Guilford, 
smce Torrance’s seems to imply a smgle basic 
dimension of which both divergent and con- 
vergent thinking would be parts 

What are Torrance’s procedures for probing 
creativity? Some of his assessment devices in- 
volve verbal, others figural materials Although 
the vanous tasks aie intended to tap some- 
what diverse functions, the customary prac- 
tice of Torrance and his followers is to derive 
a smgle overall creativity index score — or, at 
most, one summary score for the verbal tasks 
and another foi the visual — and to take the 
index score as signifying the subject’s level of 
creative functioning The various verbal and 
figural procedures are, as far as possible, all 
subjected to the same four types of scoring 
for fluency, flexibility, originality, and elabora- 
tion (Torrance, 1966a, 1966b, 1966c) The 
first three of these scoring concepts already 
are familiar to us from the woik of Guilford, 
regarding the first two, it is ideational fluency 
and spontaneous flexibility that are meant 
Torrance’s use of a common set of scoring 
templates for his tasks contributes further, of 
course, to the impression that, although he 
sometimes describes them as dealing with 
various psychological characteristics, they in 
fact are treated as functionally equivalent 
Thus scores for fluency, flexibility, originality, 
and elaboration will be summed across all the 
verbal and/or all the figural tasks, and then 
these four totals are summed m turn into the 
single index score 

The administration context for the prooe- 
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dures is similar to that described for the Guil- 
ford tasks The various tasks are timed and 
given relatively brief time limits Torrance 
would have the typical administrator of the 
proceduies be the teacher, so that whatever 
evaluative connotations are conveyed by her 
role will be present for the cieativity instru- 
ments In the research involving these tasks, 
furthermore, group administration typically 
prevails, although Torrance does recommend 
individual administration from the kindergar- 
ten to third-grade levels Finally, a further 
feature reminiscent of convergent-thinking sit- 
uations that even goes beyond the typical in- 
structions for the Guilford tests is to be found 
m Torrance's instructions a subtle implication 
to the respondent that some answers are more 
correct than otheis, and that the ones to be 
preferred aie the ones that are moie unusual 
and clever 

Here is an overview of one of two alternate 
parallel sets of test materials that Torrance 
(1966b, 1966c) has developed The battery 
includes seven verbal tasks — a three-pait 
“ask-and-guess" test, product improvements, 
unusual uses, unusual questions, and the “just 
suppose" activity — and three figural tasks — 
picture construction, incomplete figures, and 
parallel lines 

In the ask-and-guess test, the subject is 
shown a picture of a clownhke figure viewing 
his reflection in the water With 5 minutes to 
devote to each task, the subject is first to 
write down all the questions he can think of 
about the picture, second to list as many pos- 
sible causes as he can of the situation de- 
picted m the picture, and third to list as many 
possible consequences of the depicted situa- 
tion as he can As to scoring, the number of 
relevant responses offered defines the fluency 
variable, the number of spontaneous shifts 
from one category to another regarding the 
kinds of questions, causes, and consequences 
presented defines flexibility, the statistical in- 
frequency of the responses defines originality, 
and the amount or degree of detail and spec- 
ificity incorporated into the responses defines 
elaboration 

For the product improvement task, a toy 
stuffed elephant is shown to the respondent, 
and he is given a set time period in which to 
list all the most clever and unusual ways he 
can think of for changing the toy to make it 
more fun for children to play with Here agam 


and m the remaining procedures as well, ex- 
cept where otherwise noted, scoring is carried 
out for fluency, flexibility, originality, and 
elaboiation in ways analogous to those de- 
scribed for the ask-and-guess test 

The unusual uses procedure requests the 
respondent to indicate, in a set time, as many 
interesting and unusual uses as he can imagine 
for caidboard boxes 

In the unusual questions task, the subject 
is to think of as many intriguing questions as 
possible that one can raise concerning card- 
board boxes Only fluency and originality are 
scored for this procedure 

Finally, the ]ust suppose activity requues 
the subject to entertain a particular lmpiob- 
able situation and describe all the events that 
its occurrence would entail The situation m 
question is clouds having strings attached that 
hang down to earth 

Turning to the figural tasks, the picture 
construction instrument presents the respon- 
dent with a piece of green paper m an egg- 
like shape, which he is to glue wherevei he 
wishes on a blank page, then addmg lines so 
as to incorporate this shape into a picture 
that will be as clever and imaginative as pos- 
sible The product is scored for originality and 
elaboration 

For the incomplete figures piocedure, the 
subject is confronted with diffeient schematic 
line forms, to each of which he is to sketch 
additions to represent a picture or object that 
is as unusual as possible 

The parallel lines task is similar to the pre- 
ceding procedure, except that all the pre- 
sented line forms that the subject must work 
from are the same — a pair of parallel stiaight 
lines 

In reviewing lesearch that has utilized Tor- 
lance's tests, the major question we must ad- 
dress is, once again, the dimensionality issue 
Do the Torrance procedures define a dimen- 
sion of individual differences that is cohesive 
to a substantially greater degree than the de- 
gree to which those procedures correlate with 
measures of general intelligence? 

Relationships with Intelligence and Aca- 
demic Achievement. Evidence already has 
been noted to the effect that customary mea- 
sures of intellective aptitude and of academic 
achievement seem, at least during the child- 
hood and adolescent years, to be very sub- 
stantially correlated To cite examples of still 
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further data to this effect, Edwards and Tyler 
(1965) found for the 181 ninth graders in a 
given school system that the correlation be- 
tween performance on the School and College 
Ability Tests (a general intelligence measure) 
and performance on the Sequential Tests of 
Educational Progress (an academic achieve- 
ment measure) was 86 They furthermore 
reported that the children between the in- 
telligence index just cited and the students* 
grade point average was 66 From such find- 
ings we can surmise that studies of the rela- 
tionship between the Torrance tests and aca- 
demic achievement will, at least in large 
measure and perhaps entirely, actually be 
examining to what extent the Torrance battery 
is related to general intelligence For this rea- 
son, it seems appropriate to consider work on 
achievement and on intelligence correlates of 
the Torrance tests under a common heading 
There is little direct evidence explicitly 
comparing the magnitudes of relationships 
among the Torrance measures with the extent 
of relationship between those measures and 
intelligence indicators — the type of issue we 
studied at length m considering Guilford’s 
tasks This lack seems to denve from the 
heavy dependence upon use of one or another 
overall creativity index score by those who 
have worked with the Torrance tests Perhaps 
the most extensive evidence on the issue de- 
rives from a study by Cicirelli (1964) of 
more than 600 sixth graders If we consider 
the correlations between all possible pairs of 
eight summary variables that were derived — 
fluency, flexibility, originality, and elaboration 
scores for a verbal and a figural battery — the 
average r turns out to be 37 This number, 
however, represents an artifactually inflated 
value to some degree, because, as we noted 
earlier m discussing Garwood’s study, total 
number of ideas and number of relatively 
umque or unusual ideas as derived from the 
same procedure — the fluency and originality 
variables — possess a whole-part relationship 
to each other As a result, some magnitude of 
positive correlation is guaranteed between 
fluency and originality scores Cicirelli also re- 
ported correlations between the creativity in- 
dicators and various intelligence and achieve- 
ment measures, such as the California Mental 
Maturity IQ index and California Achieve- 
ment Test scores for reading, arithmetic, and 
language All correlations were significant and 


tended to fall in the 20s and 30s If we esti- 
mate the effect of removing the spurious in- 
flationary component from the average r of 
37 among the creativity scores, the lesult 
would be a value quite similar to their de- 
gree of correlation with the intelligence and 
achievement measures 

A number of other studies, although not 
considering the strength of relationships among 
the Torrance measures, have reported on rela- 
tionships between Torrance index scores and 
intelligence or achievement measures These 
relationships, which usually have been sub- 
stantial, further support the likelihood that the 
major role of the Torrance tests is to assess 
conventional forms of intellective aptitude 
and academic achievement Thus, for example, 
Perry (1966) administered to sixth-grade 
children a verbal battery of the Torrance 
tests These children had been continuously 
enrolled m the same school since kindergar- 
ten Their creativity index scores yielded sig- 
nificant rho correlations of 54 with the kin- 
dergarten administration of the Metropolitan 
Reading Readiness test, 50 with the fifth- 
grade administration of the Otis Quick-Scoring 
Mental Ability Tests, 44, 46, and 59 with 
the sixth-grade administrations of the Reading 
Comprehension, Arithmetic Reasoning, and 
Spelling Achievement tests, respectively, from 
the Stanford Achievement Test battery, and 
55 with an overall academic achievement 
score derived from the sixth-grade adminis- 
tration of the Stanford Achievement Test 
battery 

Yamamoto (1965) administered a set of 
verbal and figural creativity tasks and the ver- 
bal battery from the Lorge-Thorndike Intel- 
ligence Test to one sample of over 450 and 
another of over 800 fifth gradeis Using a 
single creativity index score, the correlation 
with intelligence was 33 in the first sample 
and 39 m the second, both very substantial 
for such large samples Since the first sample 
represented a socioeconomically homogeneous 
middle-class group, whereas the second rep- 
resented a group more heterogeneous m socio- 
economic status, we find these kinds of back- 
ground factors to have relatively little effect 
upon the creativity-intelligence linkage that 
was obtained From our earlier discussion of 
the Cicirelli findings concerning a comparably 
large sample of sixth graders, the evident 
implication to be drawn is that the various 
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creativity measures constituting Yamamoto's 
index most likely are no more highly inter- 
correlated tli an the degiee of correlation be- 
tween the creativity mdex and the intelligence 
measure 

Among the numeious further studies pio- 
viding documentation for the existence of 
comparably substantial relationships between 
Torrance procedures and intellective aptitude 
or achievement indices, we may cite the fol- 
lowing instances Yamamoto (1964a) reported 
a significant correlation of 30 between mea- 
sures of creativity and intelligence for a high- 
school sample With children in grades 4 and 
5, Wodtke (1964) found that an index com- 
bining verbal and figural cieativity tasks cor- 
related 44 with an intelligence composite 
including verbal and nonverbal parts of the 
Lorge-Thomdike intelligence test among 100 
fourth graders, while the comparable correla- 
tion was 45 among 100 fifth gradeis In a 
study of fifth and sixth graders, Long and 
Henderson (1965) even found a significant 
positive relationship between a figural creativ- 
ity task and a verbal academic achievement 
task 

Although occasional exceptions do occur m 
which Torrance measures and intelligence or 
achievement mdicatois are unrelated (Flem- 
ing and Wemtraub, 1962, Edwards and Tyler, 
1965), these can be accounted for m terms of 
restriction of range for the intelligence assess- 
ment, partialling out of age fiom the intelli- 
gence but not from the creativity index, or 
unreliablity of creativity measurement Thus 
Fleming and Wemtraub (1962) utilized a 
specially selected sample of “gifted children" 
with a very high mean IQ (approximately 
136) and consequent restriction of IQ range 
There also is the problem m the Flemmg- 
Wemtraub study that an IQ score was used 
to measure intelligence with a sample that 
vaned widely in age — from 8 to 1 2J4 years 
Since an IQ score partials out the effects of 
age, the implication is that age was partialled 
out of the intelligence measure but not the 
creativity measure, with underestimation of 
their degree of relationship as a necessary 
consequence, Edwards and Tyler (1965), in 
turn, summed a single figural and a single 
verbal creativity task, even though the figural 
and verbal domains show relatively low co- 
herence (Torrance and Gowan, 1963), and 
relationships with intelligence or achievement 


criteria are stronger for the verbal than for 
the figural task (Bish, 1964) In sum, it is 
fair to state that the clear majority of the 
studies usmg Torrance's assessors have found 
substantial lmkages between creativity and 
measures of intellective aptitude or achieve- 
ment 

Having begun with the fact of strong rela- 
tionships between aptitude and achievement 
indicators, we have found that Torrance index 
scores correlate with these m about the same 
degree to which we can expect the array of 
Torrance's measures to correlate with one an- 
other No unitary dimension is defined by 
these measures therefore, apart from that of 
general intelligence Hence there is still no 
cause for assuming die Torrance measures 
reflect a cognitive disposition that could be 
appropriately described in terms of creativity 
Somewhat paradoxically, Torrance (e g , 
1962, 1963, 1966a) has ignored this dimen- 
sionality issue and bases a large part of the 
defense of his instruments upon their ability 
to predict academic achievement criteria — de- 
spite the demonstrably high relationship be- 
tween such criteria and conventional intelli- 
gence assessors His argument — the “threshold 
of intelligence" concept — is that, above a cer- 
tain level of intelligence, academic achieve- 
ment is more strongly related to his creativity 
measures than to further increments of intelli- 
gence Why the prediction of academic ac- 
complishment should be thought to redound 
to the credit of a purported assessor of cre- 
ativity, however, is difficult to understand 
After all, memorization of rule systems and 
the ability to manipulate their terms toward 
the goal of finding a correct answer — hence 
convergent thinking — constitute the very core 
of what is required for earning high scoies on 
academic achievement tests Be this as it may, 
what kind of evidence would be needed to 
support the threshold-of-intelligence concept? 

Given the sizable correlations found among 
Torrance's mdex scores, traditional intelli- 
gence measures, and academic achievement 
yardsticks, there already is the strong pre- 
sumption, of course, that most of the ability 
of the Torrance indicators to predict achieve- 
ment criteria would depend upon the sub- 
stantial variance shared by the Torrance and 
the achievement measures with general intel- 
ligence A small amount of further predicta- 
bility might be expected from the Torrance 
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instruments, in turn, not because they tap a 
different cognitive domain from that of gen- 
eral intelligence, but simply because they in- 
crease the thoroughness with which conver- 
gent thinking abilities are being sampled To 
put the matter another way, if a single intel- 
ligence measure does a fair job of predicting 
academic achievement, addition of a second 
correlated intelligence assessor should increase 
predictability somewhat just because a more 
adequate sampling of the abilities that com- 
prise the intelligence domain would thereby 
be provided What the thieshold-of-intelli- 
gence concept requires, on the other hand, is 
that the predictability of academic achieve- 
ment be sizably enhanced by adding a cieativ- 
lty assessor when the sample of subjects undei 
study ranges into high levels of intelligence 
Let us turn now to some research on this 
issue 

With more than 600 sixth graders as sub- 
jects, Cicirelli (1965) found that most of the 
ability of the Torrance indices to predict vari- 
ous academic achievement criteria depended 
on shaied variance with intelligence Thus, of 
12 correlations computed between creativity 
and achievement measures, eight were 2 or 
better Howevei, when intelligence was held 
constant by partialhng out IQ scores, only 
three of the 12 correlations lemamed 2 or 
better 

In another study, Yamamoto and Chim- 
bidis (1966) utilized a sample of almost 800 
fifth graders, administering the verbal battery 
of the Lorge-Thomdike Intelligence Test, a 
battery of verbal and figural creativity in- 
struments from which weie derived a single 
index score, and the Stanford Achievement 
Test battery With a mean IQ of 110 3 for 
the entire sample, a division was made be- 
tween children with IQ of 121 and above and 
children with IQ of 120 and below Relation- 
ships between intelligence and achievement 
scores tended to be substantial for all groups 
— for the total sample, the lower IQ group, 
and the higher IQ group — although less strong 
for this last-mentioned group When, how- 
ever, partial correlations were computed be- 
tween creativity and academic achievement 
holding intelligence constant, all of the rela- 
tionships turned out to be near zero, A further 
indication of how little the creativity scores 
add to the intelligence scores in predicting 


achievement is provided by the following 
comparison With correlations combmed 
across a variety of academic achievement 
areas, we present first the single-order cor- 
relation between IQ and achievement, and 
next the multiple correlation for IQ and cre- 
ativity as joint predictors of achievement For 
the entire sample, the correlation goes up 
from 56 to 57 For the lower IQ group, the 
simple and multiple correlations remain the 
same — 56 For the higher IQ group, the cor- 
relation goes up from 22 to 27 On the whole, 
then, intelligence predicts achievement less 
well m the high IQ range than elsewhere, but 
creativity scores do not offer much predictive 
help anywhere along the IQ continuum 
The lelatively small further contribution 
that is made by the Tonance creativity bat- 
tery to predicting academic achievement, as 
distinct from the contribution made by gen- 
eral intelligence, can be given further illus- 
tration m the results of a study by Bowers 
(1966) The subjects, almost 300 ninth-grade 
pupils appioximately equally divided between 
the sexes received a creativity battery that in- 
cluded five veibal and two figural procedures, 
from which was derived an overall creativity 
index The academic achievement catena were 
grade level and scores on the Iowa Tests of 
Educational Development The Otis Quick- 
Sconng Test of Mental Ability provided the 
intelligence measure The single-order correla- 
tion between the intelligence measure and 
achievement was about 6 or 7, whereas the 
multiple correlation in which the creativity 
index and the intelligence measuie serve as 
joint predictors of achievement typically was 
only a few hundiedths higher 

In extensive studies of the issue, therefore, 
the thieshold-of-mtelhgence concept has not 
been supported by the results obtained Index 
scores derived from the Torrance tests behave, 
m relation to academic achievement, as if 
they constitute an alternative means for as- 
sessing the convergent-thinking domain, not 
as if they predict academic achievement m 
subjects of supenor intelligence Given the 
degree — and it will be substantial — to which 
a particular intelligence assessor predicts aca- 
demic achievement, addition of the Torrance 
battery can be expected to increase predict- 
ability only marginally — and, indeed, to no 
greater an extent than would also be afforded 
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by the addition of a second measuie of general 
intelligence The evidence of the present sec- 
tion suppoits the conclusion that the type of 
cognitive ability most clearly measured by the 
Torrance battery is m fact the conventionally 
demaicated notion of convergent thinking or 
general intelligence, rather than a conceptu- 
ally distinguishable domain for which the term 
“creative thinking” would be appropriate Two 
other major kinds of evidence, however, 
are invoked by Torrance m further support 
of his argument that the Torrance instruments 
measure a characteristic that is suitably de- 
scribed as creativity — studies of evaluations 
by teachers or othei judges and studies of 
evaluations by the subjects' peers We shall 
consider each of these types of woik in turn 
Evidence on Evaluations by Judges Since 
we have demonstrated that the Torrance in- 
struments coalesce strongly with the general 
intelligence domain, it will not be surprising 
to find that teachers or other judges can make 
cognitive evaluations that relate m some de- 
giee to scores on the Torrance tests What 
would need to be demonstrated is that the 
evaluations m question are doing something 
more than essentially depicting contrasts 
along the general intelligence continuum Evi- 
dence indicates, however, that even when 
explicitly instructed to do so, teachers or 
other judges find it difficult to evaluate ele- 
mentary and high school students on bases 
that do not boil down to the familiar arena of 
convergent thinking We shall first look at 
some general documentation of this point 
and then turn to studies involving the Tor- 
rance tests m particular 
In an extensive study of more than 1000 
high school seniors who weie National Merit 
Scholarship finalists, Holland (1959) obtained 
ratings by the students' teachers and princi- 
pals for the trait of originality Since National 
Ment Scholarship finalists will, after all, be 
a high intelligence group, the opportunity 
should be particularly present m such a case 
for judgments of originality to signify some- 
thing other than the conventional intelligence 
concept Yet the evidence clearly indicated 
that the judges could do little more with re- 
liability m their originality ratings than dis- 
criminate individual differences in talent at 
convergent thinking Not only did the origi- 
nality ratings correlate highly with ratings for 


such conventional characterizations as in- 
tellectual leadership, citizenship, matuuty, 
achievement drive, and dependability, but the 
originality ratings also exhibited strong cor- 
relations with verbal aptitude scores and 
academic grades 

Similar results are found m work by Wal- 
len and Stevenson (1960) on teacher judg- 
ments of the creativity of fifth graders' com- 
positions After practicing on an initial set of 
compositions, each of five teachers lated each 
of three compositions by over 60 fifth graders 
for creativity, with the concept defined in 
such terms as the following “Creativity is 
the expression of information, ideas and feel- 
ings colored by original thoughts and inspired 
by the inner uige of an individual to express 
himself” (p 274) The judges were explicitly 
instructed that spelling, neatness, vocabulary, 
and length were not to be considered, nor 
was poetry as such to be considered more 
creative than prose With high agieement 
among judges and high consistency over 
stones for a pupil, the creativity ratmgs 
turned out to be strongly correlated (approxi- 
mately 6 oi 7) with measures of intellective 
ability and academic achievement 

In yet other work along the same lines, 
Rivlin (1959) asked the teachers of students 
in the tenth and eleventh grades to study 
such criteria of cieativity as “will venture into 
unfamiliar or new areas,” and “demonstrates 
imaginative and original solutions to prob- 
lems ” The teachers then were to select from 
each of their classes five students who were 
not only intelligent but also creative, and five 
students who were equally intelligent but not 
cieative With over 100 high school students 
thus selected, the creative students were 
found to score significantly higher than the 
noncreatives on the Pmtner measure of intelli- 
gence and on the Iowa Tests of Educational 
Development Despite the request that they 
subjectively equate their creative and non- 
creative nominees for intelligence, therefore, 
the judges found it difficult to leave that 
domain out of the picture Finally, we cite a 
study by Piers, Daniels, and Quackenbush 
(1960), where the correlation with intelli- 
gence of teacher ratings for creativity was less 
strong (20), although still significant at the 
05 level for the sample of 114 Here, how- 
ever, rating agreement among the three 
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teachers who evaluated each student was 
found to be very low 3 
All m all, the findings that we have con- 
sidered put the burden of pi oof on the in- 
vestigator if he wishes to use evaluations by 
judges as evidence for the distmguishability 
of a creativity dimension from the more 
familiar concept of general intelligence Rat- 
ing reliability for "creativity” judgments 
seems to be found, by and large, to the de- 
gree that the basis for evaluation rests heavily 
upon the traditional convergent-thinking do- 
main In most of the research that has been 
conducted relating scores on the Torrance 
tests to putative cieativity evaluations by 
judges, however, this crucial consideration 
has been ignored Thus, for example, Tor- 
rance (1962, 1963), Torrance and Myeis 
(1962), and Yamamoto (1963) have re- 
ported investigations m which teachers are 
asked to nominate pupils who are the highest 
and the lowest in the class with regaid to 
fluency in production of ideas, flexibility con- 
cerning their ideas, originality m thinking, 
and ability to elaborate ideas The classes m 
this work were at or above the fourth-grade 
level The general finding is that significant 
relationships are obtained between teacher 
ratings m terms of one or another of the 
criteria just piesented and the children’s 
scores on the respective creativity variables 
from the Torrance tests Hence there will 
be a relationship between ratings for fluency 
and test scores for fluency, between ratings 
for flexibility and test scores for flexibility, 
and so on Such evidence then is cited m 
support of the construct validity of the 
Torrance measures (see, eg, Torrance, 
1966a) To do so ignores, however, our 
knowledge that the Torrance creativity vari- 
ables tend to be mtercorrelated, that ratings 
m terms of the criteria described tend to be 
mtercorrelated — the well-known “halo-effect” 

3 Ironically enough, the teacher ratings also were 
found to correlate with the originality measures 
that were used m this study, but not with the 
ideational fluency measures As we recall from 
our earlier discussion of this research, however, 
it was the ideational fluency measures that were 
uncorrelated with intelligence, whereas the origi- 
nality measures were correlated with intelligence 
These further results reinforce the conclusion that 
the judges, when using their definition of creativ- 
ity, in fact were evaluating intelligence 


phenomenon — and that the Torrance mea- 
sures as well as the kinds of rating designa- 
tion m question produce results that are 
substantially correlated with intelligence 
These findings clearly can be accounted for 
m terms of intelligence differences as the 
common mediating variable the teacher lat- 
mgs predict the creativity indices to the 
extent that the ratings are judgments of 
geneial intelligence and the creativity in- 
dices share variance with intelligence 

Direct evidence on these points has been 
provided m a recent study by Lieberman 
(1965) with a sample of 93 kmdeigarten 
children Utilizing two teachers as indepen- 
dent judges, ratings weie obtained for five 
aspects of playfulness, defined respectively m 
terms of physical spontaneity, social spon- 
taneity, cognitive spontaneity, manifest joy, 
and sense of humor High mterrater agree- 
ment was found in all cases These five rat- 
ings, however, turned out to be strongly 
mtercorrelated, indicating that a halo existed 
and hence only one characteristic m effect 
was being rated Tasks for assessing ideational 
fluency, spontaneous flexibility, and originality 
were adapted from the work of Torrance and 
Guilford The Peabody Pictuie Vocabulary 
Test served as the index of general intelli- 
gence The findings were quite unequivocal 
correlations between intelligence and the 
playfulness latings were appioximately 3 and 
significant, correlations between intelligence 
and the creativity variables weie approxi- 
mately ,2 to 3 and significant, and correla- 
tions between the playfulness ratings and the 
cieativity vanables also were approximately 
2 to 3 and significant Clearly, the relation- 
ships of the ratings and of the cieativity 
mdicatois to intelligence accounted for their 
relationship to one another In view of this 
result, it is difficult to understand how 
Torrance (1966a) can cite the Lieberman 
study as an indication that evaluation by 
judges of creativity-relevant traits lends con- 
struct validity to his creativity assessors 
Rather, the appropriate conclusion would 
seem to be that judgmental ratings fail to 
support the view that Torrance’s measuies 
tap a characteristic distinguishable from con- 
vergent thinking 

Evidence on Evaluations by the Subjects’ 
Peers* The situation with regard to peer 
evaluations seems to be similar to that regard- 
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xng evaluations by judges Indeed, such an 
outcome should not surpuse us, since if 
teachers 01 other judges find it difficult to 
evaluate a cognitive trait apart from general 
intelligence, such should be the case a fortiori 
for age-mates of the subjects We present 
first a study that indicates the extent to 
which one can expect peer ratings for creativ- 
ity to correlate with intelligence, and then 
turn to a study indicating findings obtained 
with Torrance's procedures 
In an investigation by Reid, King, and 
Wickwire (1959), seventh giaders were asked 
to provide peer nominations in regard to 
cieativity Each pupil was lequested to select 
three of his classmates who could be most 
appiopnately described as having "good 
imaginations They have new ideas and new 
ways of doing things" (p 731) When peer 
nominations were earned out m these terms, 
the result amounted to very strong diffeientia- 
tion along conventional lines of academic 
aptitude and achievement Nominated as 
more creative weie the children who scored 
highei on such assessois as the Calif omia 
Test of Mental Maturity, the California 
Achievement Test, the Sequential Tests of 
Educational Pi ogress, and mechanical and 
clencal ability tests as well 

Turning now to research relating peei rat- 
ings to the Torrance procedures, we fail to 
find mfoimation on general intelligence mea- 
sures even though, as the Reid et al study 
demonstrates, such information would be es- 
sential Thus Yamamoto (1964b) earned out 
an extensive investigation of more than 400 
students m grades 7 to 12 A battery of 
Torrance piocedures was administered near 
the start of a term, and the students evaluated 
one another near the term's end by using 
judgmental entena that were assumed to 
represent the types of creativity vanable that 
were derived from the tests Thus, for ex- 
ample, a fluency judgment was related to 
fluency scores on the creativity tests, a flexibil- 
ity judgment to flexibility scoies, and so on 
Correlations for the entire group between 
the rating catena and the test scores were 
on the order of the low 20$, and hence 
significant for this sample size. From the 
evidence already considered on relationships 
between cognitive ability ratings and intelli- 
gence, and on relationships between Torrance 
test scores and intelligence, it is evident that 


the conelations heie reported between the 
judgment catena and the Torrance variables 
can be fully accounted for m terms of the 
extent to which lelationships with general 
intelligence should be present No information 
on intelligence was considered m the study 
Thus the results are less likely to indicate 
that a creativity score for fluency correlates 
with sociometric nominations m terms of a 
fluency entenon, or that a creativity score 
for flexibility coi relates with sociometric nom- 
inations m terms of a flexibility cnterion, as 
Tonance (1966a) proposes, than to indicate 
that a halo effect is operating so that socio- 
metric nominations by any criterion aie tend- 
ing to reflect geneial intelligence The rela- 
tionships between such nominations and the 
creativity scores then would be expected be- 
cause the cieativity scores are known to be 
reflective of general intelligence to a signifi- 
cant degree 

Neither evaluations by peers nor by judges, 
then, offer evidence for the distmgmshabihty 
of Torrance's procedures fiom the convei- 
gent-thmkmg domain While the major lines 
of findings regarding the grounds foi con- 
struct validity of the Torrance instruments 
have now been reviewed, two further classes 
of studies involving these tasks will be de- 
scubed briefly work on training effects and 
on age effects Both kinds of research can 
be said to deal with the modifiability of scores 
on the Torrance tests as a function of experi- 
ence 

Effects of Experience A number of stud- 
ies have been conducted where effects upon 
Torrance test performance of various kinds 
of training have been investigated The gen- 
eral rule seems to be that enhanced perfor- 
mance can be obtained in this manner Since, 
howevei, we have not been able to find 
satisfactory evidence indicating that the Tor- 
rance scores tap a trait that stands apart 
from the general domain of convergent-think- 
ing skills, such training effects do not cast 
light on the construct validity issue 

In some of this research, the training pro- 
cedures utilized were relatively similar to the 
Torrance tests themselves, so that what was 
provided amounted more or less to practice 
on the criterion For example, Cartledge ,and 
Krauser (1903) provided groups of first 
graders with five 20-minute training sessions 
concerning how to improve toys to make 
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them more fun to play with Not only was 
intensive instruction provided, but competi- 
tion was encouraged as well Various princi- 
ples for improving toys were taught to the 
group By using as pretest and posttest a 
product improvement task m which the sub- 
ject was to think of ways to improve a toy 
dog, the experimental regime just described 
resulted m a greater score increase than did 
its absence With the training involving such 
specific tutoring m the test skill, however, it 
would be surprising not to find an effect 
Similar points apply regarding a comparable 
study by Ton ance (1961a) 

In other studies, while the traming experi- 
ence may be more distant fiom what is tested 
for on the creativity instrument, another fac- 
tor seems free to operate — a factor which, 
incidentally, could well play a lole m the 
Cartledge-Krauser study — enhanced confi- 
dence due to one or another form of gi eater 
attention by the teacher and gi eater accep- 
tance of the individual's responses Foi in- 
stance, Torrance (1966d) has described 
research using a battery of his verbal and 
figural tasks as both pretest and posttest 
material with approximately 1506 fourth 
graders The pretest took place near the start, 
the posttest near the end of the school term, 
with the experimental classes receivmg a 
complicated training regime as the treatment 
Every 2 weeks a new unit of the matenals 
developed by Cunmngton and Torrance 
(1965) was administered to the classes Each 
unit consisted of a recorded dramatization, of 
say, a great moment m scientific discovery 
such as the Wright Brothers’ inventing of the 
airplane, exercises designed to serve as a 
stimulus for the kind of thinking illustrated 
on the record, and a teacher guide suggesting 
other related activities m which the teacher 
may lead the children One would expect the 
intensive enrichment represented by such ma- 
tenals, with the greater amounts of attention 
which the teacher pays thereby to the stu- 
dents, to enhance the students’ feelings of 
confidence and acceptance The result should 
be a generalized training effect, so that en- 
hanced performance would be found not just 
on the Torrance tests but on a range of other 
tasks as well This is not to deny, of course, 
the social desirability of the enrichment here 
described, but rather to suggest its functional 
equivalence to other ways in which greater 


attention to and acceptance of the pupils 
might also be provided, and to suggest the 
generality of the cognitive effects that most 
likely ensue 

Perhaps the most convincing traming re- 
search yielding enhanced peiformance on the 
Torrance tests is that which has been earned 
out at the instigation of Crutchfield (see, 
e g , Crutchfield and Covington, 1963, Crutch- 
field, 1964, Olton, 1966), where the materials 
were relatively distant in character from the 
Ton ance tests and also were self-instructional 
m nature lather than lequmng teachei in- 
tervention foi their transmission Fifth- and 
sixth-grade children who have gone thiough 
a series of self-instructional lessons concerning 
detective stones, which serve as vehicles for 
teaching certain problem-solving skills, have 
performed better on certain Torrance tasks 
than comparable children not so instructed 
We have no clear grounds, howevei, for con- 
sideimg these effects to be evidence of in- 
creased creativity rather than of increased 
convergent-thinking skills 

Turning to research on age differences, the 
general finding has been an increase with age 
across the elementary and high school years m 
performance levels on the Torrance tests 
(eg, Tonance, 1961b, Yamamoto, 1962, 
Lembnght and Yamamoto, 1965) Such an 
mciease would seem to i effect the cumulative 
impact of the various sources of information 
to which the child m our culture is exposed 
over time, and to be comparable to age-re- 
lated increases that we would expect for this 
leason in other kinds of cognitive perfoi- 
mance as well 

The Evidence in Retrospect In sum, we 
have not been able to find evidence suggest- 
ing that the Torrance instruments cohere 
among themselves to a degree greater than 
that to which they correlate with tests of 
convergent thinking Nor have investigations 
concerning the threshold-of-mtelligence hy- 
pothesis, evaluations by judges, and evalua- 
tions by peers, supported the construct valid- 
ity of the Torrance battery Given the 
promising leads that we obtained from re- 
search in the Guilford tradition, coupled with 
the general similarity between Torrance’s ma- 
terials and those of Guilford, why should 
work using the Torrance tasks lead us to 
such a disappointing verdict? We can suggest 
two major reasons 
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Recall that our examination of the Guilford 
procedures suggested that the greatest inde- 
pendence from conveigent thinking was found 
in the case of ideational fluency measures, 
with originality indicators also tending to 
exhibit independence from intelligence if they 
represented a kind of originality that should 
depend at least partly on the number of ideas 
emitted by the respondent Flexibility mea- 
sures, m turn, seemed to be more appropri- 
ately understood as within the convergent- 
thinking domain rather than as standing apart 
from it We have found that the Torrance 
procedures are scored in terms of four vari- 
ables ideational fluency, originality of a kind 
that should indeed depend upon degree of 
fluency, spontaneous flexibility, and elabora- 
tion The typical practice has been to con- 
struct as the creativity indicator an overall 
index score — hence a measuie an which all 
four of these variables aie reflected — 
whether restricted to verbal or visual proce- 
dures or representing a combination of both 
We have already noted that spontaneous 
flexibility, however, seems to coalesce with 
general intelligence Elaboration, in turn, 
seems on its face to be more appropriately 
construed as relevant to convergent than to 
divergent thinking, since it refers to a pro- 
pensity for interpolating or filling in details 
The upshot thus appears to be an index score 
m which two variables that seem relatively 
distinguishable from intelligence are con- 
founded with two other variables that are 
not An index score concerned only with idea- 
tional fluency and with fluency-related forms 
of originality would, m this view, exhibit 
considerably greater orthogonality from in- 
telligence than an index score that is con- 
cerned with spontaneous flexibility and with 
elaboration as well 

Even if the prescription just set forth were 
followed, however, some degree of relation- 
ship with intelligence might still be found 
because of the administration context which 
surrounds the Torrance tasks As we noted 
m considering the Guilford materials, the 
presence of relatively brief time limits and of 
a traditional aptitude or achievement testing 
situation with its evaluative connotations 
would not seem to be features conducive to 
the display of forms of thinking that depend 
upon generating new ideas Thus some degree 
of relationship with traditional aptitude and 


achievement tests may accrue simply as a 
result of shared method variance, that is, 
subjects who are proficient at following in- 
structions m evaluational situations which set 
a premium upon speed should show up rela- 
tively well on the Torrance tests Recent 
results by Boersma and O'Bryan (1968) in 
fact support this line of interpretation 

Getzels and Jackson 

Theoretical Considerations. In their re- 
search on students rangmg from the sixth 
grade to the senior year of high school, Get- 
zels and Jackson (1962) considered, as their 
basic means of contrasting the subjects, one 
or another IQ measuie and a battery of five 
presumed creativity indicators Of the five, 
one was derived from Guilford and three 
were original with the authors What was 
the kind of cogmtive excellence that they 
were expected to measure? Getzels and Jack- 
son (X962) offer the following discussion of 
what they mean by creativity 

As it is used m this study, the term “cre- 
ativity” refers to a fairly specific type of 
cogmtive ability reflected in performance on 
a series of paper-and-pencil tests Our 

tests of creativity involved the ability to 
deal inventively with verbal and numerical 
symbol systems and with object-space rela- 
tions What most of these tests had in com- 
mon was that the score depended not on a 
single predetermined correct response as is 
most often the case with the common intelli- 
gence test, but on the number, novelty, and 
variety of adaptive responses to a given stim- 
ulus task (pp 16-17) 

In short, the authors mean to describe a single 
ability which their creativity instruments re- 
flect in common — an ability that differs from 
intelligence along essentially the same lines 
as does Guilford's concept of divergent think- 
ing To the terms “number,” “novelty,” and 
“variety,” as they appear m Getzels and 
Jacksons definition, we can, of course, co- 
ordinate the Guilford terms fluency, original- 
ity, and flexibility, respectively We turn next 
to the five creativity instruments comprising 
the Getzels and Jackson battery word asso- 
ciation, uses for things, hidden shapes, fables, 
and make-up problems 

In the word association test, the subject is 
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presented with 25 words, each of which has 
multiple meanings — for example, bolt His 
task is to set forth as many meanings as he 
can for each word Thus 'word association 
test” really is a misnomer The task would 
more appropriately have been named the 
'word definition test ” With different mean- 
ings requued by the instructions, what Guil- 
ford would call "adaptive flexibility” is at 
issue here 

The uses test requests the subject to write 
as many different uses as he can for each of 
five common objects that are named Derived 
from Guilford, the procedure is, however, 
scored somewhat diffeiently, m that measures 
of ideational fluency and of originality are 
combined into a single index credits for 
number of responses are added to credits for 
number of statistically uncommon responses 
in arriving at a final score 4 

Turning to the hidden shapes task, the 
respondent is shown, on each of a number of 
items, a simple geometric figure followed by 
four complex geometric figures, one of which 
contains the simple figure as a part The 
subject is to choose the complex figure in 
which the simple figure is embedded Cred- 
ited to Cattell (1956), the authors justify its 
inclusion as a creativity assessor on the 
grounds that it appears to call for the ability 
to disregard superfluous detail and perceive 
essentials quickly m perceptual situations 
Presumably, some kind of adaptive flexibility, 
to use Guilford's term again, would be at 
issue, m that the person must keep reorganiz- 
ing his viewing of the complex figures until 
he finds the simple one 

For the fables test, each of seveial fables 
with a missing last line is presented, with the 
subject to supply three alternative endmgs 
to the fable — one moralistic, another humor- 
ous, and the third sad The endings are 
scored m terms of whether they are suffi- 
ciently related to the rest of the story and 
whether they succeed m achieving the partic- 
ular affective tone called for m a given in- 
stance — moralistic, funny, or sad Something 
on the order of verbal sensitivity and of 
adaptive flexibility in shifting affective tone 

4 Since, as noted earlier, this type of originality 
measure does seem to be strongly correlated with 
ideational fluency, construction of a single score 
reflecting uncommonness as well as total output 
is quite justified. 


"upon demand” seem to be tapped in this 
procedure 

Finally, the make-up problems test offers 
the respondent various sets of numerical in- 
formation from which he is to devise as many 
problems as he can At issue here is the ability 
to sift carefully through the data offered as 
law matenal for problem construction, and 
then to shift flexibly among alternative parts 
and arrangements of this matenal A form of 
adaptive flexibility would again seem to rep- 
resent at least pait of what is tapped by this 
procedure 

As far as context of administration is con- 
cerned, the procedures just described were 
defined to the respondents as tests and admm- 
lsteied to them m the fashion of academic 
examinations as they sat m their classrooms 
That four of the five creativity tasks m the 
authors' battery seem to concern aspects of 
flexibility already must sensitize us to the is- 
sue of how distinguishable are these creativity 
assessors from convergent thinking, since, as 
we recall, our examination of the Guilford 
procedures suggested that measures of flex- 
ibility seemed to be part and parcel of the 
general intelligence domain To what extent, 
then, does the present battery define a dimen- 
sion that is separable from intelligence? 

Kelationships with Intelligence and Ac- 
ademic Achievement For the 292 boys in 
the Getzels and Jackson sample, all five of the 
creativity tests correlated beyond the 05 level 
with IQ, while four of the five did so for the 
241 girls m the sample Given such large 
samples, however, correlations might be rel- 
atively small and still significant, so that we 
must turn to the question of comparing the 
magnitude of correlations among the cre- 
ativity tests with that between the creativity 
tests and the intelligence index For the 
boys, the average correlation was 26 among 
the five creativity measures, but it was .26 
between those measures and IQ For the 
girls, the corresponding correlations were 
3 2 and 27 Thus the only ability that the 
creativity assessors point to as what they 
jointly measure is the same kind of ability 
that is indexed by the IQ assessor IQ was 
evaluated with different instruments and at 
different times for various members of this 
sample, with its extensive grade level spread 
from the upper elementary years to the end 
of high school, whereas the creativity battery 
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was administered at one point in time to the 
entire sample It is not surprising therefore 
that the creativity tests would intercorrelate 
slightly more highly than their degree of cor- 
relation with IQ Weie a fresh IQ test to have 
been administered at the same time as the 
creativity battery, even this slight difference 
would, we suspect, have disappeared 

The general point just described has been 
made m a number of discussions of the Get- 
zels and Jackson work — for example, by Burt 
(1962), Cronbach (1962), de Mille and Mei- 
rifield (1962), Fans (1962), Thorndike 
(1963b), Marsh (1964), and Wallach and 
Kogan (1965a) Furthermore, critics have 
noted that the correlations between the intelli- 
gence test and the creativity measures aie 
artifactually depressed because age effects 
have been removed from the intelligence 
scores by using the IQ metric, but they have 
not been removed fiom the creativity scoies 
From the initial sample of more than 500 
students, Getzels and Jackson proceeded to 
concentrate on two very specific subgroups, 
one containing 26 and the other 28 subjects 
"Creativity” was defined as the summation of 
the individuals performances on the five cre- 
ativity tests — a practice which should result 
in a score that, like the IQ measure itself, 
can only constitute another estimate of general 
intelligence The two groups were composed 
as follows One, the “high creativity group,” 
contained students scoring within the top 
20% of their class and sex grouping on the 
creativity index but below the top 20% on 
IQ The other, the ‘high intelligence group,” 
contained subjects who scored withm the top 
20% of their class and sex grouping on the 
IQ measure but below the top 20% on the 
creativity index Given a very high mean IQ 
— 132 — for the initial sample as a whole, 
what we have here are two groups that are 
both quite high m regard to convergent-think- 
ing ability Since most of the creativity tests 
were, at least, not intended to measure gen- 
eral intelligence, 5 and since their degree of 
internal coherence is not strong, the index 
score that leflects the variance they have in 
common probably represents a more imperfect 

5 Ironically, the hidden shapes test actually has 
been used in connection with intelligence assess- 
ment For a discussion and some findings, see, 
e>g , Wftkm, Dyk, Faterson, Goodenough, and 
Karp (1962) 


estimate of the convergent-thinking domain 
than does the IQ score, The IQ was, after all, 
explicitly fashioned as an intelligence mea- 
sure, and its component parts are known to 
have high mtemal coherence With the IQ 
score and the creativity battery functioning 
therefore as a somewhat better and a some- 
what pooier estimate, respectively, of general 
intelligence, the high creativity group con- 
sists of students who have scored a little 
higher on the poorer intelligence mdex than 
they have on the better intelligence mdex, 
whereas the high intelligence group is com- 
posed of students who have scored a bit higher 
on the better intelligence mdex than they 
have on the pooier intelligence index The 
clearest inference one can draw is that the 
two groups aie of comparably high intelli- 
gence and not shown by these tests to be dif- 
ferent an any other respect The only further 
inference that may be valid is that the “real” 
intelligence level of the high creativity group 
may — although still high — be lower than that 
of the high intelligence group, given then rel- 
ative standings on the poorer and bettei in- 
telligence indices It should also be the case, 
of course, that the group comprised of per- 
sons m the top 20% by both catena should 
be the most intelligent of all — since, in their 
case, the two intelligence probes are m full 
agreement The authors did not study, how- 
ever, this last-named group 
If the two groups studied are comparably 
high on intelligence, and if the creativity in- 
dex score provides no information with any 
reliability other than a second estimate of 
intelligence, then we are left with two groups 
that are similar rather than different m the 
authors’ fields of interest If the two groups 
are found to differ on some other measure, it 
could be for any number of reasons stemming 
from the vagaries of sampling, but it cannot 
be because of a “creativity versus intelligence” 
contrast To mention just one of the myriad 
accidental contrasts that could have arisen 
between the groups, Cronbach (1962) notes 
that the “ age distributions of the two 
groups are not reported and perhaps differ” 
(p, 279) The differences that are reported 
by Getzels and Jackson between their high 
creative and high intelligence groups there- 
fore cannot be taken seriously because we 
cannot know why they arise The similarities 
that are found between the groups, on the 
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other hand, can be readily understood on the 
ground that the two groups are comparable 
in general intelligence 

Perhaps the major similarity to which the 
authors call attention is m regard to scholastic 
achievement Both the high creative and the 
high intelligence groups were found to exceed 
the general sample average regarding school 
achievement as measured by standardized 
achievement tests Smce the two groups are 
of comparably high intelligence, howevei, and 
smce we know that achievement and aptitude 
indicators are strongly con elated, we could 
hardly expect otherwise What the authors 
quite mappiopriately conclude from this find- 
ing, on the other hand, is that high creative 
students achieve just as well m school as do 
high intelligence students 

Befoie reviewmg several studies that have 
used a set of procedures similai to the Getzels 
and Jackson battery, it is of intei est to dis- 
sect the authois’ battery into its five constit- 
uent measures and consider whether their 
separate relationships with intelligence and 
academic achievement vary m a manner that 
we can predict from evidence examined ear- 
lier According to our descnption of the tasks, 
four — word association, hidden shapes, fables, 
and make-up problems — seem to tap aspects 
of Guilford's adaptive flexibility concept, 
whereas one — uses for things — represented a 
combination of ideational fluency and the 
type of originality index that should covary 
with such fluency If we recall our earlier 
analysis of studies using the Guilford proce- 
dures, flexibility measures turned out to be 
indistinguishable from the convergent-think- 
ing domain, while ideational fluency and the 
type of originality score that would be de- 
pendent upon high ideational output seemed 
to be maximally distinguishable from conver- 
gent thinking This immediately leads to the 
hypothesis that the failure of the Getzels and 
Jackson battery to gam separability from 
intelligence arises because the majority of its 
component tests reflect aspects of flexibility, 
On this interpretation, the uses measure 
should have a lower correlation with IQ and 
with scholastic achievement than the other 
four creativity tasks 

From the relevant data m the Getzels and 
Jackson book, this hypothesis receives some 
support Of all five creativity measures, the 
uses task has the lowest correlation with ver- 


bal scholastic achievement for males and for 
females, the next to lowest correlation with 
numerical scholastic achievement for each sex, 
and the next to lowest correlation with IQ for 
each sex 6 To give some magnitudes, uses 
correlates 19 with verbal achievement for 
males, whereas the average correlation of the 
other four cieativity tasks with verbal achieve- 
ment for males is 44 For females, the cor- 
responding correlations are 23 and 47 Turn- 
ing to numerical achievement for the males, 
uses correlates 21, while the aveiage r for the 
other tasks is 29 In the case of the females, 
24 and 31 are the corresponding correla- 
tions Regarding IQ, for the males, uses cor- 
relates 19, with an average r for the other 
tasks of 28 For the females on IQ, the coi- 
responding r values are 15 and 30 The 
other four creativity tasks by the way show an 
average intei correlation of 31 for the males 
and 35 for the females, thus indicating some- 
what greater cohesiveness as well as a stronger 
correlation with IQ when uses is left out of 
the battery In sum, although the Getzels and 
Jackson creativity battery as a whole cannot 
be separated from the convergent-thinking 
domain, the only one of its five parts that taps 
ideational fluency and a fluency-related form 
of originality does seem to be more distin- 
guishable m this legard Viewed in relation to 
the achievement question, what this means, 
of course, is that to the extent that one finds a 
creativity measure that does look relatively 
distinguishable from intelligence, it also will 
turn out to be relatively um elated to academic 
achievement 

In closing this section, we consider three 
investigations that used a range of procedures 
closely resembling the Getzels and Jackson 
creativity battery, although none was identical 
to it Ripple and May (1962) found, not sur- 
prisingly, that correlations between IQ and 
creativity task scores will be higher when IQ 
variability m the sample is greater They com- 
pared samples of seventh graders that were 
more homogeneous versus more heterogeneous 
in IQ Detailed inspection of their results, 
however, yields a very intriguing further out- 

d The three tasks that uniformly show the highest 
correlations with IQ, with verbal achievement, 
and with numerical achievement— ranging, in- 
deed, into the 50s — are word association, hidden 
shapes, and make-up problems, all of which have 
an evident dependence on adaptive flexibility 
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come If we consider their sample that was 
maximally heterogeneous m IQ — the sample 
where correlations of IQ with creativity scores 
were highest — six of the nine creativity mea- 
sures had correlations with IQ significant be- 
yond the 01 level Of the lemaimng three 
measures, two were unrelated with IQ, 
whereas the third just passed the 05 level in 
its degree of relationship What these three 
measures had m common was that they all 
concerned aspects of ideational fluency 

With 110 sixth graders as subjects, Flescher 
(1963) denved a presumed creativity index 
from summing the standaidized scoies on 
seven procedures, which, if anything, were 
even broader and moie heteiogeneous m con- 
tent range than the Getzels and Jackson bat- 
tery Although the average con elation between 
the cieativity measuies and IQ scores from 
the California Test of Mental Matuiity was 
only 04, the average correlation among the 
creativity scores themselves was a mere 11 
The creativity measures thus had little in 
common with IQ, while they also had little m 
common with each other Cleaily, there was 
no warrant for the summing of these creativity 
measures into a single overall index 

An extensive replication of the Getzels and 
Jackson work was recently reported by Hasan 
and Butcher (1966) The subjects were 175 
male and female students m their second year 
of high school, to whom weie administered 10 
creativity instruments that included all the 
tasks from the Getzels and Jackson battery 
except the hidden shapes test Standard mea- 
sures of intelligence, verbal achievement, and 
numerical achievement also were obtained 
The results strikingly confirmed oui conclu- 
sions from the Getzels and Jackson research 
the type of creativity battery m question 
yields essentially the same overall orderings of 
individuals as provided by measures of intelli- 
gence or achievement If anything, the cre- 
ativity scores correlated even more strongly 
with intelligence than they did among them- 
selves For the total sample, the average cor- 
relation of the 10 creativity measures with 
intelligence was 42, while the average cor- 
relation among the creativity indicators them- 
selves was 25 The creativity composite score, 
intelligence score, verbal achievement mdex, 
and numerical achievement mdex all mtercor- 
related with sufficient strength — m the 60s, 
70s, and 80s — to indicate that they clearly 


were functionmg as alternative measures of 
the same dimension Thus, for example, the 
correlation between the creativity composite 
and intelligence was 74 

Hasan and Butcher point out, furthennore, 
that their sample actually was less variable on 
intelligence than was the Getzels and Jackson 
sample Despite this reduced spread of IQ 
scores, the results once again indicated that 
the only chaiactenstic which the kind of cre- 
ativity battery undei consideiation can mea- 
sure with any reliability is none othei than 
general intelligence 

Evidence on Teacher Preferences Apart 
from the claim that the high creative and the 
high intelligence groups both show superior 
academic achievement, perhaps the othei best- 
known asseition that Getzels and Jackson 
have made is that, in terms of which students 
the teacher most enjoys and most piefers to 
have m class “ teachers give bettei ratings 
to the high IQ students than to the high cre- 
ativity students ” (1962, p 32) We shall 
explore the evidence for this assertion at some 
length because a replication study by other 
investigators has included the key comparison 
group omitted by Getzels and Jackson — stu- 
dents m the upper 20% on both IQ and cre- 
ativity 

In the Getzels-Jackson study, teachers were 
asked to evaluate then students by a criterion 
that emphasized personal liking the degree to 
which they preferred having the student in 
their class Compared were the high intelli- 
gence group, the high creative group, and 
the remainder of the total sample m the re- 
search The high intelligence group was found 
to earn significantly higher teacher preference 
ratings than the remainder of the sample The 
high cieativity group, m turn, earned teacher 
preference ratings that also were higher than 
those for the remamder, but not significantly 
so From these findings, the authors conclude 
that while the ‘high IQ group stands out as 
being moie desirable than the average stu- 
dent, the high creativity group does not” 
(1962), p 30) They quickly lapse, further- 
more, into a language which directly com- 
paies the two groups, referring m subsequent 
pages to the high intelligence group as pre- 
ferred by the teachers over the high creative 
group 

What do these findings really show? As de 
Mille and Mernfield (1962) and Wallach and 
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Kogan (1965a) note, the high intelligence 
and high creative groups actually do not dif- 
fer significantly from each other regarding 
teacher preferences At best one comes away 
with the suggestion that the two groups may 
both be somewhat preferred by their teacheis 
to the remainder of the sample, with the evi- 
dence a bit clearer m the case of the high 
intelligence group But now we must return 
to the question of what these groups mean 
psychologically As we discussed earlier m 
considering how the groups were constituted, 
all we can know is that the two group are of 
somewhat superior intelligence, with the fur- 
ther possibility that the high intelligence 
group exceeds the high creativity gioup re- 
garding intelligence We hence find complete 
correspondence between the ordering of the 
samples m terms of intelligence and m teims 
of teacher pieferences values on both dimen- 
sions are highest for the high intelligence 
group, lower for the high creativity group, 
and still lower for the remainder of the sample 
With the cieativity composite as well as the 
IQ measure both providing estimates of gen- 
eral intelligence, we should expect, of course, 
that the highest teacher preferences of all 
would be awarded to the students who score 
within the top 20% by both measures In this 
case, as we noted earlier, the two estimates 
of intelligence agree m placing the student 
very high on the continuum Although Getzels 
and Jackson report no data on such a group, 
it has been studied m relation to the teacher 
preference issue by Hasan and Butcher 
(1966) These authors replicated Getzels and 
Jackson’s findings of stronger teacher prefer- 
ences for the high intelligence group than the 
high creativity group, but they found further 
that the strongest teacher preferences were 
awarded to the group high on both measures 
As implied by our interpretation, then, the re- 
sults indicate that teacher preferences are max- 
imal for the group high by both criteria, lower 
for the group high by the IQ measure but not 
correspondingly high by the creativity index, 
and lowei still for the group high by the cre- 
ativity index but not correspondingly high by 
the IQ measure Hasan and Butchers evi- 
dence thus supports the view that all the cre- 
ativity score provides is another estimate of 
general intelligence, and a poorer one at that 
It might be noted that the present material 
on Jointly predicting teacher preferences from 


an intelligence measure and the Getzels-Jack- 
son type of creativity index is quite analogous 
m outcome to the work discussed m connec- 
tion with Torrance on jointly predicting ac- 
ademic achievement from an intelligence mea- 
sure and the Torrance type of creativity index 
In both cases, the IQ score carries the major 
piedictive burden, with addition of the cre- 
ativity index increasing predictability by about 
the margin one would expect if that index 
weie functioning as an ancillary estimate of 
intelligence In neither case is the purported 
creativity index doing work that would not 
be equally well, and perhaps even better, per- 
formed by administering a second intelligence 
test 

Other differences reported in the Getzels- 
Jackson research program between their high 
creative and high intelligence groups (see, 
e g , Getzels and Jackson, 1960, 1962) are 
unmterpretable because, as already discussed, 
responsibility for the differences may rest 
upon any number of accidental ways in which 
the two groups are distinguished, and does 
not m any case rest upon a creativity-intelli- 
gence contrast Since the crucial comparison 
information on the “high-high” group is never 
considered, we can gam no clues as to what 
really may be at issue psychologically One 
further study m that program, where a dif- 
ferent mode of analysis was employed, gives 
some instructive findings Jackson, Getzels, 
and Xydis (1960) correlated each of the five 
creativity measures separately with an index 
presumed to tap “nonpathological fantasy” on 
a group-admmisteied Roischach test The sub- 
jects were the ones already described m our 
consideration of the Getzels- Jackson book, 
with results examined in the present case for 
the total sample of 292 males and 241 females 
As the Rorschach measure, each of four Ror- 
schach cards was projected on a screen, with 
the subject to choose from ten multiple-choice 
responses the three that he considered most 
appropriate to the picture Included among 
each set of ten responses were four considered 
to be “pathological,” most of which involved 
references to violent aggression, such as 
“bloody clouds” or “bloody stomach” The 
smaller the number of such responses in- 
cluded among the subject’s choices, the higher 
his score for nonpathological fantasy 

Given the character of the measure just 
described, it would seem that something on 
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the order of sensitivity to or interest m mak- 
ing the more socially appropriate selections is 
at issue here The measure m question did not 
correlate with any of the five creativity scores 
for the boys In the case of the girls, however, 
it correlated with three of those creativity 
scores the word association test, the hidden 
shapes test, and the make-up pioblems test 
It will be recalled that these are the very same 
three creativity tasks that were found to pos- 
sess the strongest conelations with IQ, verbal 
achievement, and numerical achievement 
And, indeed, the Rorschach measuie under 
consideration is also found to correlate with 
the females' IQ, verbal achievement, and nu- 
merical achievement scores The positive re- 
sults obtained for the girls theiefoie would 
seem to mean not that creative individuals are 
more given to nonpathological Rorschach fan- 
tasy, but rather that intelligent individuals 
are more likely to make socially appropriate 
choices? on the Rorschach task 
As an example of the confusion that has 
been sown among others by the Getzels and 
Jackson research, consider finally a report by 
Smith and White (1965) In using the Get- 
zels-Jackson word association procedure as 
their measure of creativity, a significant cor- 
relation (17) was observed m a sample of 
156 young male adults between cieativity and 
a sociometric choice indicator of how witty 
and amusing the person seems to his peers 
Since the word association task m question 
has been found to measure nothing apart from 
convergent-thinking ability, what the present 
finding would seem to indicate is that, not 
surprisingly, the more intelligent subjects seem 
more witty to their peers The authors, how- 
ever, view their ie$ults as suggesting that 
wittiness is an attribute of the creative person 
The Evidence m Retrospect As in the case 
of the Torrance piocedures, for the creativity 
assessment battery developed by Getzels and 
Jackson we have not found evidence of greater 
coherence among the tasks m question than 
the degree to which they correlate with mea- 
sures of intelligence The composite score pre- 
sumed by Getzels and Jackson to reflect a 
form of cognitive excellence separable from 
intelligence and appropriately described with 
the term "creativity" has turned out, rather, 
to constitute a second — and less reliable — 
measure of general intelligence The high in- 
telligence and high creative groups defined 


and conti asted by the authois have been 
found to reflect no intelligence-creativity con- 
trast, but rather to consist m both instances of 
high intelligence students, with the former 
group likely to be of somewhat higher intelli- 
gence than the latter, and with the two groups 
differing otherwise in accidental ways In re- 
gard to teacher preferences, it is not the case 
that — as the authors propose — teachers prefer 
the high intelligence group ovei the high cre- 
ative group, but rather that — as we would 
already suspect from our earlier review of 
evidence on evaluations by judges — teacher 
preference is correlated with general intelli- 
gence level 

Our internal analysis of the Getzels-Jackson 
creativity battery has suggested that an im- 
portant reason for its failure to yield a mea- 
sure sepai able from convergent thinking re- 
sides in the battery's emphasis upon assessors 
of what Guilford would call adaptive flexibil- 
ity Of the five tasks m the creativity battery, 
the three that showed the strongest relation- 
ships with intellective aptitude and achieve- 
ment measures concern a person's ability to 
give alternative definitions for words, to pei- 
ceive alternative structures in visual patterns, 
and to use alternative parts and arrangements 
of descriptive material in constructing prob- 
lems All of our evidence points, however, to 
the conclusion that set-shiftmg ability of this 
type characterizes the high intelligence indi- 
vidual, and thus cannot be separated from the 
convergent thinking domain The one task in 
the battery that reflects ideational fluency and 
a fluency-dependent kind of rarity or unique- 
ness of ideas, on the other hand, showed only 
weak relationships with convergent thinking 
assessors, thus confirming earlier indications 
that the characteristics m question may well 
be distinguishable from intelligence Since the 
present work, moreover, once again utilized 
an assessment context characterized by eval- 
uational stress and time pressure, the degree 
to which ideational fluency and fluency-re- 
lated forms of originality are independent of 
traditional forms of intelligence may well 
have been underestimated 

A Look Ahead* From all of the research 
reviewed to this point m the chapter, we can 
distill a major positive conclusion There does 
indeed seem to be a kind of cognitive excel- 
lence that both is empirically distinguishable 
from convergent thinking and also possesses 
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some face validity in connection with the 
"creativity” term However, it is much more 
specific and restricted m character than has 
been assumed by the investigators considered 
thus far The type of cognitive talent m ques- 
tion seems to concern a persons ability to 
produce a laige number of ideas in response 
to a given task constraint, where the ideational 
content that is generated is reasonably appro- 
priate to the task at hand and, at least partly 
by virtue of its quantity, includes a goodly 
amount of content that is relatively unique or 
unusual Procedures reflective of such ide- 
ational fluency and of forms of ongmality that 
seem dependent upon an extensive flow of 
ideas have been found to be maximally or- 
thogonal to intelligence That the ideational 
content at issue heie remains lelatively ap- 
propnate to the given task rather than ranging 
into the bizarre can be asserted for a simple 
reason Appropnateness has constituted an 
implicit part of the task instructions, and most 
of the studies have been conducted with sub- 
jects who, either by virtue of membership m 
the middle class or by virtue of their involve- 
ment m a social system with authoritarian 
overtones — such as the classroom 01 the mil- 
itary — can be expected to conform reasonably 
well to the demands set by the experimenter 
Our concern with isolating thinking proc- 
esses that may be descnbed as creative with- 
out doing violence to the term thus has led 
us to consider what may be called associative 
fluency and uniqueness the flow of ideas and 
the umqueness of their content Notice that 
we use the term "association” m a different 
sense from that which Getzels and Jackson 
implied when they designed their word as- 
sociation test, wheie performance depended 
upon a person's flexibility m coming up with 
diverse meanings for a given word We are 
referring not to flexibility m shifting from 
one cognitive category to another, but to flu- 
ency m generating cognitive units whatever 
their category membership Such fluency is, 
indeed, considerably more associative in char- 
acter than the ability to shift set, where a 
heavy emphasis must be placed upon eval- 
uating whether, for instance, the second def- 
inition one offers for a word is sufficiently 
different from the first As a matter of fact, it 
may well be this necessarily heavy emphasis 
upon evaluational processes — as distinct from 
the business of generating ideational possibil- 


ities as such — that leaves measures of flexibil- 
ity closely united with convergent-thmkmg 
ability (see Wallach, 1967) What may be at 
the psychological root of associative fluency 
and uniqueness theiefore is one's disposition 
to produce ideational possibilities under cir- 
cumstances where evaluational activities are 
at a minimum One is referring here to a 
person's disposition to "ride associative cur- 
rents,” as it were 

Warrant can m fact be found m the in- 
trospections of undeniably creative artists, 
musicians, writers, scientists, and mathema- 
ticians, for emphasizing the riding of associa- 
tive currents when one seeks to formulate a 
definition of cieativity m thinking processes 
A volume edited by Ghiselin (1955) con- 
tains many relevant quotations along these 
lines, as does a volume edited by Hadamard 
(1945) To offer just two examples, Einstein 
lefers to the need for "combinatory play” and 
"associative play” regarding images and ideas 
(Ghiselin, 1955, p 43), and Dryden notes 
that his writing activities involve the gener- 
ating of "a confus'd Mass of Thoughts, tum- 
bling over one another m the Dark” (Ghiselin, 
1955, p 80) Implicit m such introspective 
accounts are a temporary suspension of eval- 
uational processes and an obtaining of innova- 
tive possibilities by means of the very abun- 
dance of ideational output Analogous points 
have been made by McKellai (1957) and by 
Rugg ( 1963) Associative fluency and unique- 
ness as the core of a process definition of cre- 
ativity thus can he said to possess a modicum 
of face validity — at least if one accepts such 
introspections as reasonably veridical 

Work that concentrates on associative proc- 
esses, then, may move us closer to an under- 
standing of creativity m thinking, and it is to 
such work that we turn m the sections that 
follow 

RESTRICTING THE DEFINITION TO 
ASSOCIATIVE PROCESSES 

Three major lines of lesearch can be de- 
lineaed whose operational approach has con- 
centrated on associative processes work by 
Maltzman and others who have dealt with 
training m the giving of original associative 
responses, studies oriented around Mednick's 
Remote Associates Test, and work by Wallach 
and Kogan We shall take up these research 
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paths in their order of historical emergence, 
turning first to studies on the training of as- 
sociative originality 

Maltzman and the Training of Associative 
Uniqueness 

Maltzman provided the stimulus for many 
researchers’ efforts to enhance the level of 
uniqueness of a person’s associations when 
confronted with a particular task request 
through experimental manipulations that en- 
courage subjects to give unique responses to 
stimuli What these tiammg regimes seem ori- 
ented toward is the establishment of an at- 
titude on the subject’s part conducive to his 
entertaining diverse associative possibilities in 
response to a given stimulus — and hence the 
entertaining of possibilities that are more 
unique or remote Thus Maltzman and his 
collaborators (Maltzman, Bogartz, and Breger, 
1958, Maltzman, Brooks, Bogartz, and Sum- 
mers, 1958, Maltzman, 1960, Maltzman, 
Simon, Raskin, and Licht, 1960, Maltzman, 
Bellom, and Fishbem, 1964) were interested 
in facilitating "original thinking,” which they 
defined as “behavior that occurs relatively 
infrequently, is uncommon under given con- 
ditions, and is relevant to those conditions” 
(Maltzman et al, 1960, pi) In one ex- 
periment, Maltzman, Bogartz, and Bieger 
(1958) found that repeated evocation of 
different associative responses to the same 
stimuli m a free association task led the under- 
graduate subjects to provide associative re- 
sponses of greater uniqueness when offering 
free associations to a list of stimulus words 
different from that on which trainmg had 
occurred Evidence of transfer from such train- 
mg to the production of unique uses on Guil- 
ford’s unusual uses test, however, was equiv- 
ocal A more extensive examination of this 
issue m a subsequent study (Maltzman et al , 
1960), on the other hand, found clear evi- 
dence of transfer to uniqueness of ideational 
content on the unusual uses test as well 
Let us consider the latter investigation m 
greater detail In all conditions, the experi- 
ment began by presenting the undergraduate 
subjects with a list of 25 stimulus words, for 
each of which they were to respond with the 
first word that came to mind The trainmg 
regime then presented the subjects with five 
successive repetitions of this list, requesting 
that they give a different associative response 


than the one used before when a word came 
up on each successive repetition The individ- 
ual thus was forced to search his repertoire 
for relatively remote associates of a given 
word The numbei of statistically unique uses 
provided on the unusual uses task was sig- 
nificantly greatei after this experience than 
after various control regimes administered to 
other subjects, such as giving the same as- 
sociative response to a particular word when 
it came up on each of five lepetitions of the 
list, giving an associative response to each of 
125 different common stimulus words, giving 
an associative response to each of 125 differ- 
ent uncommon stimulus woids, reading dif- 
ferent unique associates on five successive 
repetitions of the original list of 25 words, or 
simply having no special training at all In- 
deed, the experience of providing the same 
associate m response to a given word when 
it occurred on each of its five repetitions was 
found to eventuate in significantly less pro- 
ductivity of unique uses on the unusual uses 
task than was the case for the other control 
conditions 

These findings are by no means obvious, 
since a sizable conceptual gap intervenes be- 
tween a task m which the subject responds 
with an association that occurs to him when 
presented with a particular word and a task 
m which the subject describes as many uses 
as possible for a given object, with the impli- 
cation that the uses must be of relevance 
lather than bizarre What the results suggest 
is that productivity with respect to unique 
uses is influenced by experiences that orient 
the subject toward or away from the uti- 
lization of lower likelihood associates of a 
stimulus Maximum generation of unique 
uses is found to follow a situation in which 
the subject was urged to seek out lower 
likelihood associates to a stimulus word and 
to foreswear the common associates, minimum 
generation of unique uses, on the other hand, 
is found to follow a situation in which the 
subject was urged to concentrate his attention 
on die most likely associate of the stimulus 
word One can think of these instructions as 
influencing the likelihood of emission of more 
and less probable associates m response to a 
stimulus the “lower likelihood” mstiuction 
reduces the likelihood of responding with 
common associates and increases the likeli- 
hood of responding with uncommon associates, 
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whereas the “most likely” instruction increases 
the probability of making common associative 
responses and reduces the probability of mak- 
ing uncommon associative responses We 
know that in geneial there will be a falling 
gradient of piobabihty levels for responses to 
a given stimulus as the responses become de- 
creasingly common associates of that stimulus 
(see, eg, Maltzman, Bogartz, and Breger, 
1958, Maltzman et al , 1960) With deci easing 
commonness of response theiefore the gradi- 
ent of response probability starts lower and 
falls off more gradually as a result of the 
former instructional regime, whereas it starts 
higher and falls off more steeply as a result 
of the latter 

All that the piecedmg formulation does, 
of couise, is describe the effect of the con- 
trasting instructional conditions upon the like- 
lihood of emitting associative responses of 
greatei and lesser commonness when pie- 
sented with a stimulus word That a flattened 
gradient does m fact emeige fiom encourage- 
ment to give different associates upon sub- 
sequent repetitions of a stimulus word is evi- 
denced by Maltzman et al's (1960) finding 
that as the word list receives moie repetitions 
under the instruction m question, the per- 
centage of fully unique associative responses 
offeied by the sample keeps rising — from ap- 
proximately 10% on the first lepetition to 
approximately 70% on the fifth What is of 
particular note, however, is that the present 
experiment's instructional manipulation of the 
shallowness or steepness of the probability 
gradient for making common and uncommon 
associative responses transfers to influence 
whether or not the subject comes up with 
unique uses when subsequently confionted 
with the unusual uses task Flatness or steep- 
ness of associative gradient thus has been 
found to be a germane concept for inter- 
preting unusual uses performance 

To argue that the transfer effects regarding 
uses performance result from manipulations 
of the subjects' associative gradients depends, 
of course, not only on the findings for the two 
conditions that, respectively, maximized and 
minimized such transfer, but also on the find- 
ings for the remaining conditions, where uses 
performance was uniformly mtez mediate. The 
latter conditions, it will be recalled — all of 
which yielded the same results — included the 
giving of an associative response to each of a 


variety of stimuli, the reading of a variety of 
unique associates to a given stimulus, and the 
absence of training altogether Thus for train- 
ing to cause positive transfer, the subject 
had to generate a multitude of associates to a 
given stimulus, insuring thereby that relatively 
uncommon associates to that stimulus would 
result, and the subject had to seaich his own 
head for the associates rather than engage m 
meie observation of unique associates served 
up by another 7 The first point means that a 
flattened gradient had to be produced, the 
second means that the gradient concept refers 
to the effects of an active process of gener- 
ating associates 

In a recent study with undergiaduates, 
Sieber and Lanzetta (1966) investigated an- 
other effect of the flattening of associative 
gradients m response to a stimulus the im- 
plication that a pei son who is permitted only 
one task response will be more indecisive m 
choosing the response to offei if he has been 
trained m the use of flatter gradients This 
outcome was m fact obtained Whereas the 
Maltzman group found the flattening of asso- 
ciative gradients to induce greatei productiv- 
ity of unique ideational content, Sieber and 
Lanzetta have found the flattening of asso- 
ciative gradients to result in greater mdeci- 
siveness because of conflict among alternative 
possible responses An experiment also has 
been earned out which provides a direct dem- 
onstration of the congruence implied by the 
aforementioned work between such mdecisive- 
ness and the generation of original responses 
We would expect, in other woids, that if it is 
appropriate to view the Maltzman et al and 
Sieber-Lanzetta lines of work as both con- 
cerned with the slope of associative gradients 
for responses to a stimulus, then indecisiveness 
among alternative posibilities, as measured in 
one situation, should be correlated with pro- 
ductivity of unusual ideational associates, as 
measured m another, In confirmation of this 
expectation, Worell andWorell (1965) found, 
with undergraduate subjects, that persons who 
displayed more indecisiveness m describing 
aspects of their behavior also exhibited greater 
uncommonness m the responses they gave to 
each of a number of stimuli on a word associa- 
tion test There is a convergence of evidence, 

7 A similar finding has been reported by Freed- 
man (1965) 
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then, supporting the view that the relative 
originality or unusualness of the ideational 
content produced m response to one or an- 
other kind of task requirement may be usefully 
conceptualized m terms of the relative flatness 
of a person's associative gradient 

Although it is clear that experimental in- 
duction of flattened associative giadients re- 
sults m the enhanced production of unique 
ideas in a given task setting, it is not clear 
how successful this kmd of training will be 
when the criterion concerns enhanced avail- 
ability of one particular unusual associate that 
is defined m advance by the experimenter 
Since the latter criterion is much more strict 
and specific than the former, it is perhaps not 
surprising that the results would be more 
equivocal Thus tiainmg m the entertaining of 
uncommon ideas in response to a given task 
stimulus was not found to facilitate problem- 
solving that depended on producing a partic- 
ular idea that was unusual relative to its con- 
text m studies by Anderson and Anderson 
(1963) with sixth graders, Caron, Unger, 
and Parloff (1963) with high school students, 
and Maltzman, Belloni, and Fishbem (1964) 
with undergiaduates On the other hand, at 
least partial evidence for this kmd of highly 
specific facilitation as a function of such 
training was found m studies by Flavell, 
Cooper, and Loiselle (1958), Maltzman, 
Brooks, Bogartz, and Summers (1958), Freed- 
man (1965), and Yonge (1966), all con- 
ducted with college students That any posi- 
tive instances can be located of this kind of 
facilitation is, of course, quite noteworthy, 
since various extenuating factors can always 
account for the negative instances 

To take an example from each group of in- 
vestigations, consider first the report by An- 
derson and Anderson (1963) Sixth-grade 
boys were trained to generate unusual uses 
for familiar objects through group tutoring 
sessions in which the experimenter would 
direct the subject's attention to various prop- 
erties of a given object and would provide 
encouragement for offering uncommon usage 
possibilities Such training transferred to the 
production of larger numbers of novel uses 
for familiar objects that had not been included 
in the training series, but not to the solution 
of problems which required that a familar ob- 
ject be used m one specific unusual way in 
order for success to be attained 


On the other side of the ledger, consider 
Yonge’s (1966) research With female under- 
giaduate subjects, the solution of interest to 
the experimenter in a criterion problem re- 
quired that an electrical switch be given the 
uncommon function of serving as a weight to 
be attached to a string so as to form a pendu- 
lum 8 Pnor experience utilizing the switch m 
its customary role as part of an electrical cir- 
cuit makes it difficult to ascube to the switch 
the required use of functioning as a weight 
Such negative transfer was overcome, how- 
ever, m the case of subjects who received 
pnor expenence not only with the common 
function but also with the use of the switch 
in a variety of uncommon functions — for ex- 
ample, as a straightedge ruler when drawing 
a design and as a holder for a piece of card- 
board — as long as expenence with the com- 
mon function did not precede experience with 
all the uncommon functions Involvement in 
tasks requmng that the switch function m 
unusual ways thus was found, under certain 
circumstances, to facilitate solving a problem 
by usmg the switch m a particular unusual 
way that had not been experienced before 
In this section of the chapter, we have 
brought together some work that bears upon 
the psychological undeipmnings of the un- 
usual uses procedure It is productivity and 
uniqueness of ideational content on tasks of 
this kind, we lecall, that were found in earlier 
sections to define a form of cognitive activity 
that is maximally independent of convergent 
thinking. Given the evidence that we have 
considered regarding how to enhance perfor- 
mance experimentally on the present type of 
task, it has proven useful to conceive of the 
person who is able to suggest numeious un- 
usual uses for an object as possessing a flat- 
tened associative gradient relative to the per- 
son who can suggest only few such uses 
A step has been made, then, toward our 
understanding the cognitive difference be- 
tween the person who can suggest many pos- 
sible — and therefore also many that range 
into unusual and remote ideas — uses for an 
object, or consequences of some event, or 

8 The problem — adopted from Maier ( 1931 ) — 
requires the subject to grasp two strings sus- 
pended from the ceiling at a greater separation 
than his arms can span, which he can do if he 
swings one string with the switch attached as a 
weight 
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problems suggested by certain common situa- 
tions, or titles for a story plot and the person 
who can suggest but few To view this differ- 
ence m terms of shallow versus steep associa- 
tive gradients is, of course, only to provide a 
descriptive model for what we have observed, 
but one, nevertheless, which seems to possess 
a fair amount of summary power The next 
step is to ask why some people seem to bring 
flatter associative gradients than others to the 
cognitive tasks that confront them In the fol- 
lowing part of the chapter, we turn to a Ime 
of research from which we can begin to 
glimpse an answer to this question 

Mednick and the Role of Attention 
Deployment in the Remote Associates Test 

Theoretical Considerations. The starting 
point for Mednick’s approach to creativity is 
the associative gradient concept to which we 
were led in our preceding discussion By basing 
his view upon the kind of introspective ac- 
counts cited earlier, wheie we noted that out- 
standing contributors to the arts and sciences 
emphasized the importance of generating 
abundant quantities of associative content in 
arriving at novel principles and products, 
Mednick (1962) proposed that the creative 
thinker will be characterized by a relatively 
flat rather than steep gradient regarding the 
likelihoods with which different associates will 
occur to him as he contemplates a task Given 
an associative gradient whose downward slope 
is more gentle, the creative individual will be 
less fixated upon the common associations to 
an idea and more capable of reaching the dis- 
tant, inaccessible associations 9 — those which, 
m relation to the initial idea, constitute "new 
combinations which either meet specified re- 
quirements or are m some way useful” (p 
221 ) 

How does Mednick measure creativity? 
Rather than assessing associative productivity 
and uniqueness directly, he chose to deal with 
a by-product of the number and uniqueness 
of the associates that a person is capable of 
generating the person's ability to produce a 
particular associate that is related on a purely 
associative basis to each of three words with 
which he is presented The likelihood of solv- 

9 Emphasis upon the importance of variation 
among the cognitive elements that are available 
for use also is present in Campbell’s (I960) 
analysis of creative thinking 


mg this kind of associative problem should 
depend upon how numerous — and therefore 
also how unusual — are the associates that the 
person produces m response to the three 
words that are offered The greater this pro- 
ductivity, the easier it will be for the person 
to hit upon the word that provides an associa- 
tive "mediating link” to the other three To 
give some examples from Mednick’s (1962) 
measuring instrument — the Remote Associates 
Test (RAT) — one item consists of the words 
rat, blue, and cottage, while another item 
presents the words go, poke, and molasses 
For still other items the word triads are six- 
teen, heart, cookies, surprise, line, birthday, 
and railroad, girl, class The respective an- 
swers for the five items that have been pre- 
sented are cheese, slow, sweet, party, and 
working By comparing each answer with the 
triad that is to elicit it, we can see that the 
items have been constructed in such a manner 
that the mediating link in all cases is "strictly 
associative rather than being of a sort that 
follows elaborate rules of logic, concept for- 
mation, or problem solving” (Mednick, 1962, 
p 227) 

Although the HAT typically is administered 
as a test with a time limit, the timing is quite 
lenient — 40 minutes for 30 items — so that 
time pressure should be minimal However, 
the fact remains that Mednick’s own formula- 
tion would seem to imply rather that the pro- 
cedure be administered without any time limit 
at all Some individuals who would otherwise 
be able to better their scores may be prevented 
from doing so by even the lenient time limit 
adopted Since the RAT is a procedure with 
a correct answer specified m advance for 
each item, it has of course m this regard 
the look of a test of convergent rather than of 
divergent thinking Given the dependence of 
the RAT upon strictly associative processes 
for solution, however, its resemblance to tests 
of convergent thinking is only superficial A 
potential problem caused by this format 
nevertheless is that the experimenter’s creativ- 
ity in composing test items limits the degree 
of creativity that a subject can display The 
consequence is that the instrument therefore 
may not be as sensitive in its upper range as 
would otherwise be the case For most pur- 
poses this issue would not seem to he a senous 
one 

The clearest retort to these procedural 
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questions, however, consists of demonstrating, 
as Mednick’s formulation implies, that pro- 
ductivity and uniqueness of content m gen- 
erating associates are related to RAT perfor- 
mance A number of studies have shown this 
to be the case 

The Bridge from Associative Productivity 
and Uniqueness to Remote Associates Test 
Performance Two kinds of research can be 
cited to document the assertion that associa- 
tive productivity and uniqueness, on the one 
hand, and RAT performance, on the other, 
constitute equivalent operations manipula- 
tory and individual difference investigations 
Turning to manipulation research first, Freed- 
man (1965) contrasted the effects of three 
kmds of experience upon subsequently mea- 
sured RAT performance levels generating 
associations to stimulus words, reading the 
associations produced by others to stimulus 
words, and defining stimulus words In more 
detail, the subjects in the first condition were 
to associate freely to each of 10 words, with 
encouragement to respond with whatever 
words came to mind Every subject m the 
second condition was paired with a subject 
m the first condition, receiving for each word 
a card to be read containing the associations 
that the other person had offered for that 
stimulus Subjects m the thud condition were 
to provide a definition of each of the same 
stimulus words used m the other conditions 
Neither the stimulus words nor any of their 
common associates were the answers to any 
of the RAT items For all of the undergrad- 
uates in the study, the experience prior to 
taking the RAT was described as a brief 
warm-up exercise The results indicated that 
significantly higher RAT scores were earned 
by subjects in the first condition than by 
subjects m either of the other two conditions, 
which in turn yielded similar RAT levels 
Generation of plentiful associates — and hence 
also of relatively uncommon ones — thus was 
found to facilitate RAT performance That 
passive reading of associates produced by 
others was not sufficient to facilitate RAT 
performance indicated that the generating 
process itself, and not just its cognitive con- 
sequences, had to be present That the pro- 
viding of definitions for the stimulus words 
also failed to facilitate RAT performance in- 
dicated that the generating process at issue 


had to be strictly associative m character 

Whereas the results of the Freedman study 
were quite clear-cut, an earlier related experi- 
ment by Caron, Unger, and Parloff (1963) 
had failed to obtain facilitation of RAT per- 
formance from an associative training condi- 
tion Freedman (1965) has pointed out, 
however, that greater remoteness from the 
stimulus word most likely was attained m his 
association condition rather than m that of 
Caron et al Unlike the Caron et al procedure, 
where the stimulus word was repeated each 
time a new associate to it was requested, 
Freedman presented the stimulus word only 
once, with all of the subject’s associations to 
it then following The Caron method should 
keep the associates more closely linked to the 
stimulus than the Freedman technique, and 
hence the latter should result in flatter gradi- 
ents — that is, in the production of associates 
of greater uniqueness or remoteness relative 
to the stimulus 10 

Turning next to individual differences re- 
search, Medmck (1962), for example, has re- 
ported a correlation of 38 between associa- 
tive productivity and RAT scores for a sample 
of 38 college students The association task, 
not unlike Freedman’s, requested the subjects 
to write as many associates as they could to 
each of 20 woids, with 1 minute per word 

In a study by Medmck, Medmck, and Jung 
(1964), male undergraduates were selected 
from the top, middle, and bottom of a distri- 
bution of RAT scores and were requested to 
provide as many associations as possible to 
each of vanous words A strong positive 
relationship was found between RAT scores 
and the number of associates generated The 
high and medium RAT groups were compara- 
ble in mean intelligence levels, but the low 
RAT group had a lower intelligence mean 
High, medium, and low RAT groups all were 
significantly differentiated from one another, 
however, in terms of associative productivity, 
thus suggesting that the contribution of mtel- 

10 The problem just descnbed m connection with 
the Caron et al study also applies to a study 
by Gall and Mendelsohn (1967), where associa- 
tion training once again involved repetition of a 
stimulus word each time a new associate to it 
was requested In the Gall-Mendelsohn investi- 
gation, a facilitation effect was found for fe- 
males but not for males 
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ligence to such a relationship most likely was 
minimal 11 

Riegel, Riegel, and Levine (1966) also 
have demonstrated the same kind of relation- 
ship By using extreme-scoring undergrad- 
uates on a measure that has been found 
(Walker, 1962) to correlate highly with 
standmg on the RAT, high scorers exceeded 
low scorers on number of responses offeied m 
a free association task, number of different 
responses given to any particular stimulus in 
that task, and number of different responses 
offered to each stimulus m various controlled 
association tasks, that is, tasks where specific 
classes of associates were requested 

In general, it should be kept m mind that 
evidence leviewed earlier has suggested that 
individual diffeiences m quantity and unique- 
ness of associative ^output seem to be rel- 
atively independent of intelligence, thus 
rendering it very implausible that intelligence 
accounts foi the obtained relationships be- 
tween these associative variables and RAT 
performance 

Given the demonstrated correlation be- 
tween level of RAT performance and the 
generation of associative content, is there any 
evidence on whether the production of unu- 
sual associates to a stimulus by high RAT 
scorers is per se a goal or lather is simply a 
necessary by-product of generating larger 
numbers of associates to that stimulus? Re- 
search by Houston and Mednick (1963) 
suggests that it is a goal Using undergrad- 
uates scoring at the high and low extremes of 
the RAT, these authois found m a word- 
preference situation that the high RAT group 
sought out words that entailed novel associ- 
ates and/or avoided words that entailed com- 
mon associates, while the reverse was the 
case for the low RAT group The greater 
output of unique associates found m other 
work to characterize high RAT scorers there- 
fore seems not just to constitute a by-product 
of their greater productivity but also to re- 

11 Level of RAT performance related not only to 
number of associates produced but also to rate 
of production, thus suggesting that the associa- 
tive gradient for high RAT scorers not only has 
a flatter slope than that for low scorers, as the 
Mednick view implies, but also — contrary to the 
Mednick formulation on this point — may involve 
higher likelihoods for common as well as for 
uncommon associates. 


fleet a preference difference m favor of 
unique over common associates 

With RAT performance and the generation 
of plentiful and unique associates thus shown 
to be congruent operations, our further review 
of the RAT literature has evident bearing 
upon fluency and uniqueness of ideational 
associates as well Since our consideration of 
earlier evidence has suggested that productiv- 
ity and uniqueness of associates aie relatively 
independent of functions concerned with in- 
telligence and academic achievement, we 
should expect a sizable component of perfor- 
mance ability on the RAT to show the same 
kind of independence Research on this issue 
will concern us next 

Relationships with Intelligence, Academic 
Achievement, Occupational Achievement, and 
Research Creativity The geneial picture 
seems to be one of varying relationships, 
averaging out to somewheie m the vicinity 
of zero, between RAT performance and asses- 
sors of intelligence and achievement — whethei 
the achievement be measured m academic 
or occupational settings The coi relations with 
intelligence indices are positive, whereas 
those with achievement indicators tend to be 
negative On the other hand, a strong positive 
relationship has been found between RAT 
peiformance and a criterion of research 
creativity as distinct from general intellective 
ability and also as distinct from achievement 
even in research-oriented occupations Let us 
turn first to the findings on achievement and 
tiaditionally assessed intelligence 

Regarding correlations with intelligence 
assessors, M Mednick (1963) reported a 
correlation of 41 between RAT performance 
and Miller Analogies Test scores for a sample 
of psychology graduate students. For under- 
graduate subjects, Rainwater (1964) found 
the RAT to correlate 31 with a vocabulary 
test, Mendelsohn and Griswold (1966) ob- 
tained a correlation of 35 between the RAT 
and a diffeient vocabulary test, and Laughhn 
(1967) reported a correlation of 48 between 
the RAT and Termans Concept Mastery 
Test Shared method variance — the fact that 
the RAT and the intelligence measures are 
administered as tests with a time limit — may 
account for some or all of this positive rela- 
tionship In addition, or alternatively, the 
finding supports the possibility that amount 
of stored information— for example, size of 
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vocabulary — may play a role m RAT perfor- 
mance 

When we turn from intelligence assessois 
to academic achievement, the relationships 
with the RAT, if present at all, aie found to 
be negative rather than positive Thus a cor- 
relation of — 27 was found between RAT 
scores and the first-2-year grade point aver- 
ages foi 74 undergraduates at an engineering 
school, while the same correlation of — 27 
was found between the RAT and summer 
grades for a smaller group of 34 summer 
school students at a liberal aits college (Med- 
mck, 1962, Mednick and Medmck, 1964) 
The coi relation was significant for the first 
sample, not significant for the second M 
Mednick (1963) reported a nonsignificant 
correlation of — 11 between the RAT and 
grade point averages for a sample of psychol- 
ogy graduate students The obtaining of 
additional negative correlations between col- 
lege grades and RAT scores also has been 
mentioned (Mednick and Mednick, 1964) 

The picture for occupational achievement 
seems to be similar to that for academic 
achievement Studying scientist and engineer 
personnel in research settings, Andrews 
(1965) found either zero-ordei or negative 
correlations between RAT scores and vanous 
definitions of achievement on the job, such 
as number of publications over a 5-year 
period, or judgments by peers and super- 
visors of a man’s overall usefulness to his 
organization No explicit attempts to judge 
creativity were made Rather, the perfor- 
mances assessed all were ones to which moti- 
vation for achievement against competitional 
standards of success could make a sizable 
contribution Tangible signs of success at 
competitive achievement, whether m aca- 
demic or occupational settings, thus are un- 
related or even inversely related to RAT 
scores The trend toward negative correla- 
tions with the achievement indices suggests, 
indeed, that the kind of thinking reflected m 
high RAT scores may actually impair the 
pursuit of achievement success — a matter that 
will become more understandable later when 
we explore what seems responsible, apart 
from general intelligence, for the attainment 
of high RAT levels 

Two studies can be cited where explicit 
assessments of research cieatmty possessing 
high face validity were related to RAT scores 


In the first (Mednick, 1962), 21 students of 
architecture were rated for creativity by 
faculty members who had been supervising 
the students for at least 1 and in many cases 
2 or more years m the development of new 
designs for buildings The correlation between 
cieativity ratings and RAT scoies was 70, 
which was quite significant even with this 
small sample No appropriate controls for in- 
telligence, however, were reported A second 
study (M Medmck, 1963), on the other 
hand, obtained analogous results and mcluded 
appropriate conti ol information as well Fac- 
ulty research supervisor of 43 psychology 
graduate students who had been carrying 
out independent projects rated the students 
for research creativity The definitional basis 
for the ratings — adapted fiom Taylor (1963) 
— concerned the students ability to develop 
new lesearch methods and/or to unite dis- 
parate areas of theory or of research m useful 
and original ways The ratings for research 
cieativity — made without knowledge, of 
course, of RAT scores — correlated very 
significantly ( 55) with the RAT but did not 
correlate with Miller Analogies Test scores 
(—08) or with grade point average (06) 
As already noted, RAT scores in this study 
correlated moderately with Miller Analogies 
Test scores but not with grade point average 
The variance held m common by the RAT 
and the creativity ratings, however, cleaily is 
different from the variance which the RAT 
shared with the Miller scores We thus have 
begun to glimpse some evidence of what the 
RAT relates to apart fiom general intelli- 
gence The component of the RAT that does 
not concern general intelligence is what cor- 
relates with the creativity ratmgs 
What is it that high scorers on the RAT 
may do that, on the one hand, leads to their 
earning high research creativity ratings but, 
on the other, actually may depress their 
average grade level? We have found that, 
whatever the process is, it has nothing to do 
with intelligence — although intelligence does 
make a contribution to RAT scores A clue 
to the answer originates in another study 
concerned with academic giades, but this time 
from a different perspective Walker (1962) 
administered the RAT to a sample of almost 
600 high school juniors Students scoring in 
the upper or lower 30% of the resulting 
score distribution were selected for further 
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study and equated for intelligence as indexed 
by die California Test of Mental Maturity 
Greater grade variance — variability from 
grade to grade earned by the student — was 
found for the high than for the low scoring 
boys (but not girls) on the RAT Perhaps — 
at least among the boys — the highs are will- 
ing to expend a great deal of effort on a 
course if it interests them — but they are 
equally willing to let then other courses slide. 
Presumably therefore the attention of the 
highs is not automatically invested in aca- 
demic subject matter but is moie likely to 
wander to topics outside of the curriculum 
The highs may be more distractible on the 
basis of what the environment has to offer by 
way of varied stimulation, regardless of how 
relevant or irrelevant the stimulation may be 
to the pursuit of a narrowly and abstractly 
defined focus such as earning good grades 
to gam entrance to college The mechanism 
that begins to suggest itself on the basis of 
this line of interpretation — that highs are 
more inclined than lows to deploy attention 
from the center to the periphery of their field 
of action — has leceived direct investigation 
m the research to which we now turn 

Attention Deployment as the Intelligence- 
Free Mechanism behind the Remote Associ- 
ates Test. Can the directing of attention, as 
distinct from the providing of a solution-re- 
sponse, facilitate RAT performance? Our 
consideration of attention deployment should 
begin with this question, since an affirmative 
answer will encourage the attempt to under- 
stand individual differences in RAT scores 
m attentional terms Maltzman, Bellom, and 
Fishbem (1904) gave various prompting ex- 
periences to different experimental groups of 
undergraduates prior to solution attempts at 
each of a number of RAT problems The 
general character of all the prompting con- 
ditions involved presentation of a dominant 
associate of the solution-word before the sub- 
ject tried to solve the given RAT problem 
What the conditions that maximized facilita- 
tion had in common, m conti ast to the other 
conditions, was that the first conditions di- 
rected the subject’s attention most specifically 
to the cognitive domain m which the search 
for the solution word should be conducted 
Such directing of attention was achieved m 
one case by a single presentation of the domi- 
nant associate of the solution word with 


instructions to give the first associate that 
came to mind, and in another by 6 presenta- 
tions of the dominant associate with instruc- 
tions to write it down each time it was heard 
— but without any request to associate to it 

Given the preceding demonstration of at- 
tentional processes m RAT performance, we 
can inquire whether it is a difference m how 
their attention is directed that underlies the 
characterization of high RAT scorers as pos- 
sessing flatter associative gradients than lows 
Perhaps a flat gradient arises because atten- 
tion is more readily deployed to lower likeli- 
hood associates a broader range of stimulus 
information was searched out legardmg these 
associative possibilities in the first place, 
and/or a broader range of memory traces re- 
garding this material is subjected to a search 
process Such a proposal could be given sub- 
stance if we found high RAT scoreis to dis- 
play greater sensitivity to the utilizing of in- 
cidental cues from their external environment, 
for then we would have a correlate that is 
indisputably concerned with attentional scan- 
ning Whether such incidental cue utilization 
were based upon broader search patterns at 
the time of registration, m the course of 
storage, or at both times, we would know that 
breadth of attention deployment has a bearing 
upon RAT performance 

Two studies that sought to relate bieadth 
of attention deployment to individual dif- 
ferences in RAT performance obtained posi- 
tive evidence but failed to include an 
intelligence control m their design, thus leav- 
ing interpretation of their findings ambiguous 
Medmck, Mednick, and Medmck (1904), m 
a variant of the Maltzman et al (1964) 
prompting study, found high RAT scorers to 
show greater facilitation from a presumably 
irrelevant prompting task than low RAT 
scorers High RAT scorers therefore were 
exhibiting greater incidental cue utilization 
than the lows 

In the second study, which also lacked an 
intelligence control, degree of incidental cue 
utilization of high and low RAT scorers was 
investigated in a problem-solving context 
quite removed from the RAT Mendelsohn 
and Griswold (1964) explored the perfor- 
mance of 108 undergiaduates of varying RAT 
levels in the following situation Each subject 
was given a list of 25 words to try to mem- 
orize m 10 minutes (the focal stimuli) while 
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another list of 25 words which the subject 
was told to ignore was played through 16 
times on a tape recorder (the peripheral 
stimuli) The subject knew he would then 
have some presumably irrelevant problems to 
woik on, following which there would be a 
recall test for the focal list The problem task 
consisted of 30 anagrams — scrambled letters 
to be rearranged into a word Ten of the 
anagram solutions were words from the focal 
list, ten were words from the peripheral list, 
and the remaining ten were from neither 
After the period devoted to solvmg anagrams, 
the subject then was given 5 minutes to write 
down all the words he could recall from the 
list he had tried to memorize before — the 
focal list The .results were provocative 
Mendelsohn and Griswold (1964) found that 
high RAT scoreis exceeded lows m number 
of anagram solutions attained that were words 
from the focal hst and also in number attained 
that were words from the peripheral hst — 
both of which constituted, of course, inci- 
dental stimuli from the perspective of the 
anagrams task, with the peripheral stimuli m 
even more of an incidental role than the 
focal The RAT groups did not differ, how- 
ever, in their ability to recall the 15 words 
from the focal list that were not anagram 
solutions— the appropriate recall test since 
the groups differed m number of anagram 
solutions attained involving focal list words 
and thus m degree of experience with those 
words Hence memory ability differences 
could not account for the results 

A more extensive investigation by Mendel- 
sohn and Griswold (1966) with the same 
materials both replicated the above results 
and also found that although intelligence had 
a moderate positive relationship with the 
RAT, intelligence was unrelated to the utili- 
zation of either focal or peripheral incidental 
cues That intelligence plays a role in RAT 
performance thus has nothing to do with the 
relationship between the RAT and incidental 
cue utilization It is, rather, the intelligence- 
free part of the RAT s variance that accounts 
for its relationship with the measures of 
incidental cue utilization, 

The interpretation just presented received 
further confirmation from a study by Laugh- 
lin (1967) with yet a different incidental cue 
utilization procedure, one which, as m the 
case of Mendelsohn and Griswold, involved a 


problem-solving task unrelated to the RAT 
Laughlin found that RAT scores were strongly 
related to degree of incidental cue utilization 
and were also, although less strongly, related 
to degree of intentional cue utilization Intelli- 
gence scores, on the other hand, while once 
more related to the RAT, were not at all re- 
lated to degree of incidental cue utilization 
or to degree of intentional cue utilization 
Once again therefore it is the extent to which 
RAT performance is independent of intelli- 
gence that accounts for greater utilization 
of incidental cues on the part of higher RAT 
scorers In striking corroboration of the Men- 
delsohn-Gnswold (1966) study, Laughlins 
work presents further evidence indicating that 
breadth of attention deployment underlies a 
sizable component of individual differences 
m RAT scores, and, indeed, the very com- 
ponent that has nothing to do with intelli- 
gence 

The Evidence in Retrospect, The research 
inspired by the RAT has permitted us to 
come considerably closer to understanding the 
source of individual differences in productiv- 
ity and uniqueness of ideational associates 
The flatter associative gradients implied by 
high levels of these variables may well arise 
because of a penchant toward more diffuse 
or extensive deployment of attention in the 
reception of information, m its retrieval from 
storage, or in both 

Performance on the RAT has been found 
to depend in some degree on intelligence and 
m some degree on breadth of attention de- 
ployment The empirically demonstrated re- 
lationship between individual differences m 
RAT scores and in ideational fluency and 
uniqueness on associative tasks cannot be 
mediated by intelligence, since associative flu- 
ency and uniqueness seem to be relatively 
independent of intelligence — a point that will 
receive further explicit documentation m the 
next section of the chapter This leaves the 
intelligence-free variance of the RAT as the 
necessary source of its link with associative 
productivity and uniqueness, and it is spe- 
cifically the intelligence-free variance of the 
RAT that has proven to be accountable for 
in attention deployment terms This leads to 
the strong presumption that associative pro- 
ductivity and uniqueness are to be explained 
on the basis of an attention deployment mech- 
anism. 
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Not only have we found breadth of atten- 
tion deployment to constitute the process that 
accounts for the intelligence-free variance m 
RAT performance, but we also have found 
that it is only the intelligence-free variance 
on the RAT that m turn correlates with a 
criterion of research creativity It thus seems 
likely that at least one important process even- 
tuating in higher judged reseaich creativity is 
a disposition to deploy one’s attention from the 
center to the periphery of a task context — a 
greater readiness to utilize incidental cues, 

As a final point to be made m this section, 
we are now m a position to claufy a theo- 
retical issue that goes back to Guilford’s initial 
formulation and which was previously ume- 
solved Recall that Guilfoid’s concept of diver- 
gent thinking included heavy reference to 
flexibility — the postulation of various abilities 
to recentei or redirect thought processes as 
relevant to creativity m thinking One can, in- 
deed, find many references to one or another 
kmd of flexibility m discursive treatments of 
what may be involved m creativity (eg, 
Mandler and Kessen, 1959) Yet our review 
of the evidence on Guilford-type measures of 
flexibility indicated that the concept failed to 
be distinguishable from the general intelli- 
gence domain 

The role of an attention deployment mech- 
anism m accounting for associative productiv- 
ity and uniqueness, as suggested by our anal- 
ysis of the RAT literature, permits us to see 
what kmd of psychological meaning seems 
appropriate to attach to the flexibility notion 
in relation to creativity, and thus to resolve 
the apparent paradox just described What 
Guilford meant by flexibility was a tendency 
to shift from one category of meaning to an- 
other, or, if you will, from one kmd of logically 
defined entity to another This kind of shift- 
ing concerns the application of rules of con- 
cept formation and logic, and hence must 
give emphasis to a process of judgment or 
evaluation of cognitive output m the light of 
such rules The kmd of flexibility to which the 
concept of attention deployment refers, on the 
other hand, is quite different Broad attention 
deployment is defined as a tendency toward 
the wandering of attention away from a task 
focus along routes that have nothing to do 
with logic or classification but rather are 
strictly associative m character, whether the 
attentional wandering takes place m the course 


of information registration, information re- 
trieval, or both Since the path traversed is 
an associative route, judgment or evaluation 
is at a minimum While flexibility m Guilford’s 
sense, then, seems indistinguishable from gen- 
eral intelligence, flexibility m the sense of 
broad attention deployment seems to have 
nothing to do with general intelligence and, 
indeed, seems rather to provide a basis foi 
comprehending associative productivity and 
uniqueness 

The Research by Wallach and Kogan 

Theoretical Considerations Wallach and 
Kogan (1965a, 1965b) began with the same 
conceptual appioach to cieativity as Med- 
nick, following him m taking then warrant 
for this approach from introspective accounts 
by creative persons m the arts and sciences 
which emphasized the importance of associa- 
tive flow and the freedom to entertain wide- 
langmg associative possibilities m a playful 
manner Such points led Wallach and Kogan 
to formulate a definition of the creative pioc- 
ess m terms of the following considerations 
"fiist, the production of associative content 
that is abundant and that is unique, second, 
the presence m the associatoi of a playful, 
permissive task attitude” (1965a, p 289) 
The second consideration aimed at descnbmg 
a psychological state that would maximize the 
associative production in question, and the 
definition assumed that some cnterion of rel- 
evance would have to be met by the associates 
produced 12 

Although Wallach and Kogan’s assessment 
procedures originated m Guilford’s woik, two 
differences prevailed First, rather than em- 
bracing the range of abilities tapped in the 
Guilford research — with their varying degrees 
of independence fiom convergent thinking — 
the indicators used were limited to measuring 
pioductivity and uniqueness of ideational as- 
sociates Second, the procedures were admin- 
istered m a manner that would maximize the 
opportunity to generate associates on the sub- 
ject’s part In contrast to the time limits and 
testing context prevailing in the work earned 
out within the Guilford tradition, with their 
possibly inhibitory implications, the present 

12 Jackson and Messick ( 1965 ) also have called 
attention to cognitive playfulness as a means of 
predisposing the individual toward generating 
unusual associative combinations 
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procedures were administered without time 
limits and m a setting structured to convey 
the impression that the materials were under 
investigation as potential games rather than 
constituting tests for evaluating the compe- 
tence of the subjects 

Both of the differences just described were 
dictated, of course, by the Mednick formula- 
tion the first, m that associative piocesses 
should be the topic of concern, the second, in 
that maximal opportunity for the detection of 
the results of a shallow associative gradient 
should be present Since, m turn, the Guilford 
tasks require that the responses offered by the 
subject must fulfill a criterion of relevance — 
for example, must be possible uses for a given 
object or possible similarities between a given 
pair of objects — the "relevance” or "useful- 
ness” part of Medmck’s foimulation also was 
met 

We turn next to a description of the five 
procedures used by Wallach and Kogan m 
their assessment of associative processes Of 
these, three aie concerned with vei bally pre- 
sented and two with visually piesented stim- 
ulus materials 

Taking the verbal procedures first, the in- 
stances task requested the subject to generate 
possible instances of a class concept specified 
to him by the experimenter, such as round 
things or things that move on wheels The 
alternate uses procedure requested the subject 
to think of as many uses as possible for a 
verbally specified object, such as a newspaper, 
a cork, a shoe, and a chair The third verbal 
procedure was the similarities task, m which 
the subject was to generate possible similarities 
between a verbally specified pair of objects, 
such as a cat and a mouse, or milk and meat 

Moving on to the visual procedures, the 
pattern meanings task presented each of a 
number of abstract visual designs, with the 
subject requested to think of as many mean- 
ings or interpretations as possible concerning 
what each design might represent In the line 
meanings procedure, finally, the same kind of 
request was made of the subject, with the 
stimulus materials this time consisting of vari- 
ous nonobjective line forms 

Two variables were derived from each of 
the five procedmes number and uniqueness of 
responses Number of responses refers simply 
to the total output of ideas offered by a sub- 
ject for a given item, and thus is a measure 


of ideational fluency Uniqueness of responses, 
m turn, refeis to the number of fully unique 
ideas provided by a subject in the case of a 
given item — that is, the number of responses 
given by only one peison m the sample under 
study to the item m question Uniqueness 
thus is an index of the kind of ongmality or 
novelty that is defined m terms of statistical 
mfiequency In accordance with the Mednick 
formulation, it was assumed that uniqueness 
would tend to mciease with a subject’s suc- 
cessive responses to an item, and hence that 
a subject who produces a largei number of 
responses also should geneiate a larger num- 
ber that are unique 

Relationships with Intelligence and Ac- 
ademic Achievement. In addition to the 10 
associative indicatois just descnbed — a pro- 
ductivity and a uniqueness measuie m the 
case of each of five procedures — the 70 male 
and 81 female fifth graders m Wallach and 
Kogan’s work received 10 assessments con- 
cerning general intelligence and academic 
achievement We turn now to a consideration 
of the individual-difference relationships 
among the 10 associative measuies, among 
the 10 indicators of ability or achievement in 
the convergent thinking area, and between 
these two sets of vanables 

The 10 associative vanables, all of which 
proved to be highly reliable, were found to 
intercorrelate strongly for the sample as a 
whole and also for each sex consideied sep- 
arately The average of the 45 correlations 
between all pairs of the 10 measures was 41 
taking the sample of 151 children as a whole 
Conelations were equally strong across verbal 
and figural procedures as withm each of these 
domains, and the productivity and uniqueness 
variables correlated strongly both within a 
given procedure and across different proce- 
dures 18 The evidence was clear that the as- 
sociative indicators m question defined a 
unitary dimension, with novel associates 
emerging as a function of greater lesponse 
productivity and with consistent levels of per- 
formance obtained legardless of the nature 
of the five procedures used Having demon- 

13 In order to avoid artif actual inflation of corre- 
lations through part-whole contamination, the 
productivity measures that were used in these 
computations consisted of the total number of 
responses given by a child to an item minus 
those of his responses that were unique. 
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strated such dimensionality, however, the 
critical question is whether the degree of in- 
terrelationship among these 10 variables is 
appreciably greater than the degree of their 
relationship with the convergent-thinking do- 
mam 

The convergent-thinking assessors consisted 
of five measures that would be categorized as 
indicators of academic ‘aptitude’' and five that 
would be considered indicators of academic 
“achievement” We have already found that 
the separation just described is difficult to 
maintain m practice, m that aptitude and 
achievement yardsticks turn out to be highly 
correlated The 10 assessors covered verbal, 
quantitative, and peiformance definitions of 
intelligence and an array of academic subject 
matter skills To what degree do the 10 mea- 
sures mtercorrelate? The results indicate 
strong mtercorrelation for all of the conver- 
gent-thinking indicators m the case of the 
total sample and also for each sex taken sep- 
arately Considering the sample as a whole, 
the average of the 45 correlations between all 
pairs of these 10 measures was 51 No war- 
rant was found m terms of correlational mag- 
nitudes for distinguishing between the ability 
and achievement indicators or among verbal, 
performance, and numerical skills 
Although the associative and the conver- 
gent-thinking measures thus were found to 
define strong and cohesive respective dimen- 
sions of individual differences, the relation- 
ships between the two kinds of assessors 
turned out to be uniformly low With 10 mea- 
sures m each of the two domains, there are 
100 correlations between all pairs of the in- 
dices m the two groups The average of these 
correlations was 09 for the total sample and 
was comparably low for each sex taken sep- 
arately That the measures m the two groups 
were essentially independent of each other 
and that each gioup m turn defined a strong 
dimension m its own right demonstrated that 
the associative variables had considerably 
more m common with one another than the 
degree of their relationship with intelligence 
The present evidence offers strong sup- 
port for the Medmck formulation and also 
confirms the indications from earlier work 
that ideational fluency and fluency-dependent 
forms of uniqueness are maximally orthogonal 
to convergent-thinking skills. It may be that 
the virtually complete orthogonality demon- 


strated m the Wallach-Kogan research de- 
pended m some degree on absence of time 
limitations and reduced evaluative pressure 
for the associative tasks, since the separation 
attained between such tasks and the conver- 
gent-thinking indicators seems more thorough- 
going than we found to be the case in at 
least some of the earlier work reviewed On 
the other hand, we have noted in our analysis 
of other studies a substantial degree of sep- 
aration from intelligence for Guilford-type 
measures of ideational fluency and fluency- 
based indicators of originality, even though 
such measures were administered as tests and 
with time limits And the RAT, m turn, has 
been found to yield a strong, intelligence-free 
dimension of individual differences despite 
administration within a time limit — albeit a 
quite liberal one Most likely, therefore, at 
least near-orthogonality between the associa- 
tive variables and convergent thinking can be 
attained even when relatively constraining ad- 
ministration conditions prevail for the associa- 
tive variables, with complete orthogonality 
perhaps requiring that the conditions of ad- 
ministration be more open 

In a recent study by Ward (1966) of pre- 
school age children who were heterogeneous 
with respect to socioeconomic background, 
three associative tasks adapted from the Wal- 
lach-Kogan work — two verbal and one visual 
— were administered together with the Pea- 
body Picture Vocabulary Test as an index of 
intelligence Scoring of the associative mate- 
rials for productivity and uniqueness was 
carried out The measures derived from the 
two verbal procedures cohered substantially 
and were independent of intelligence, whereas 
the results for the visual procedure were am- 
biguous Ward (1968) also has reported that 
with a sample of 7- to 8-year-olds using sim- 
ilar procedures, the measures derived from all 
three associative tasks cohered significantly 
and were essentially independent of intelli- 
gence Ward’s work thus constitutes additional 
empirical support for the distmguishability 
from intelligence of the associative dimension 
that we have been describing 
Are there increases with age m the kinds 
of associative vanable under discussion? It 
would, of course, be surprising if this were not 
the case to some degree, since the increase m 
amount of stored information that takes place 
with age must have at least some effect upon 
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associative output and number of unique as- 
sociates On the other hand, age-related in- 
creases have not been invariably obtained 
Thus, for example, although Becher (I960) 
found college seniors to give a larger number 
of unique responses on a free association task 
than did college freshmen, Davidon and Longo 
( 1960) found no increase m number of unique 
responses offered when free associating to 
various stimuli across an age range extending 
from fourth graders to college freshmen and 
sophomores Davidon and Longo, indeed, 
were led to conclude from their evidence that 
"the diversity of associations is not a simple 
function of the numbei of different experi- 
ences or of developing verbal ability” ( 1960, 
p 91) That any evidence at all can be found 
running counter to an age-i elated increase in 
such associative indices seems noteworthy, 
smce it supports the view that size of storage 
reservoir is only one determinant of such vari- 
ables and leads us back rathei to the question 
of how the associates are organized — that is, 
the issue of gradient slope 

In sum, the evidence seems clear that there 
is a dimension of considerable generality con- 
cerned with associative productivity and 
uniqueness, and that this dimension stands 
qmte apart from the traditionally demarcated 
domain of convergent thinking Much of the 
work carried out by Wallach and Kogan was 
concerned with the search for correlates that 
would distinguish this associative dimension 
from that of general intelligence We turn 
next to one of these correlates 

Evidence on Remoteness of Instances in 
Categorizing Having found the associative 
variables and convergent thinking to define 
orthogonal dimensions, Wallach and Kogan 
(1965a, 1965b) proceeded to distribute their 
sample of children m terms of the subjects' 
standing on the two dimensions considered 
jointly Potential correlates then were investi- 
gated concerning such areas as the social be- 
havior and esthetic sensitivity of the children 
Males and females were found not to differ m 
their average levels on the associative and 
convergent-thinking dimensions Recall also 
that orthogonality between the two dimen- 
sions had been found to prevail m equal de- 
gree for both sexes Nevertheless, the cor- 
relates were investigated separately for the 
two sexes, and many of the results mdicated 
rather complicated sex differences m correlated 


behaviors As an example of the correlates 
that were studied, we shall consider a domain 
where the same findings emerged for both 
sexes The question studied was how remote 
from one another aie the instances which a 
child was willing to assign to a common class 

When the nature of a category is specified 
to a person, the boundaries of that category 
still will remain ambiguous m many cases 
Individuals have been found to show system- 
atic differences, m fact, regarding their pre- 
ferred "category width” under such circum- 
stances, that is, their inclination to broaden 
or narrow a specified category to include or 
exclude, respectively, instances whose mem- 
bership status is ambiguous Pettigrew ( 1958) 
constructed a series of questions m which the 
central tendency value of a category would 
be specified and the subject then requested 
to estimate, from multiple-choice alternatives, 
the most deviant instances of that category 
that might evei be encounteied One item, 
for example, concerned the typical speed of 
birds, another, the typical width of wmdows 
In the first case, the boundaries to be speci- 
fied were the speed of the fastest bird and of 
the slowest, m the second case, the width of 
the widest window and of the narrowest 
Wallach and Caron (1959) adapted the Pet- 
tigrew instrument for use with children and 
found it to correlate with the child's willing- 
ness to assign visually ambiguous instances to 
an already defined category of geometric 
forms 

What psychological piocess is reflected m a 
person's disposition towaid maintaining broad 
or narrow categories? To say that there is a 
differential willingness to entertain deviant 
instances as possibly relevant to a given class 
domain leaves the matter, after all, at a de- 
scriptive level Necessary for attaining broad 
categones is some kind of mechanism whereby 
the focus of a person's concern moves out- 
ward fiom the most frequently encountered 
exemplars of a class to those that would be 
met only rarely We theiefore find ourselves 
looking for the same kind of mechanism that 
seems needed m order to account for pro- 
ductivity and uniqueness of associates, where 
again high performance means that the per- 
son must fail to stop at common associates to 
a task stimulus and instead must generate fur- 
ther ideas that bear a more deviant relation- 
ship to his starting point From the evidence 
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considered earlier, we are led to speculate 
that the mechanism may be attentional m 
character, with the broad categonzer s atten- 
tion more likely to wander toward doubtful 
instances of a class At any rate, there seems 
good reason to expect some commonality in 
terms of process between a person’s preferred 
category width and his levels of associative 
productivity and uniqueness The ability to 
"see” possible relationships between instances 
of greater diversity — and hence to assign them 
to the same class — thus should be found in 
the case of persons more disposed toward a 
rich associative flow m response to a task 
request 

In the Wallach-Kogan research, the cat- 
egory width measure used by Wallach and 
Caron was administered In addition to items 
on the speed of birds and the width of win- 
dows, other questions concerned such matters 
as the length of whales, die length of dogs, 
the speed of cars, and the width of roads 
Wallach and Kogan found that m both sexes 
high associatives exhibited broader catego- 
rizing tendencies than low associatives Intelli- 
gence level, on the othei hand, was unrelated 
to category width, and there was no interac- 
tion effect between high versus low associative 
and intelligence levels m relation to category 
width While the relationship between a child’s 
standing on the associative dimension and his 
breadth of categorizing was strongei for fe- 
males than for males, the obtained linkage 
was similar for both sexes, as also was the 
absence of relationship with intelligence or 
with the interaction between associative level 
and intelligence It can therefore be concluded 
that category width is a correlate of associa- 
tive level as distinct from intelligence In 
somewhat the same way as Houston and 
Mednick (1963) found highei RAT scorers 
to demonstrate a greater prererence for novel 
associates, Wallach and Kogan found children 
who exhibit higher associative output and 
uniqueness to demonstiate a preference for 
entertaining unusual or deviant instances for 
membership in a category The presence of 
flatter associative gradients thus seems to de- 
scribe what is involved m setting broader 
category limits as well as in showing greater 
associative productivity and uniqueness An 
acceptance of instances of greater remoteness 
as possibly warranting assignment to the same 


category may describe the attitude that per- 
mits someone of high associative level to 
achieve the novel ideational combinations and 
integrations from which significant insights 
arise 

The Evidence in Retrospect. As the last 
three sections of the chaptei indicate, restrict- 
ing the definition of creativity to associative 
processes has yielded an evolving set of re- 
search stiands, which all can be ordered m 
terms of the associative gradient concept 
Each of the three traditions of studies that 
have been undei consideration — work cen- 
tering aiound Maltzman, Mednick s RAT, and 
Wallach and Kogan — served to further our 
understanding of how associative processes 
enter into thinking The result has been a 
formulation which is quite distinguishable 
from the notion of convergent-thinking ability 
and which there is some reason to align with 
a term such as creativity The formulation did 
not arise unhei aided, of course, it was fore- 
shadowed eailier m the chapter and was m 
fact found to emerge fiom what the evidence 
presented there seemed, upon interpretation, 
to suggest 

In the light of what we have learned con- 
cerning. associative phenomena, we are in a 
position now to draw a tentative conclusion 
as to then major defining pioperty as far as 
the cieativity issue is concerned The con- 
clusion — one that has been hinted at m pre- 
ceding pages — is that the crux of the matter 
revolves around the process of geneiatmg or 
producing associates without regard to eval- 
uating them foi relevance or applicability to 
a problem 01 task Although novel associative 
content must be useful or relevant to qualify 
as creative according to such definitions as 
that presented by Mednick, the evidence we 
have reviewed suggests that sensitivity to rel- 
evance has but a tangential role m the think- 
ing style which m fact leads to ideational con- 
tent that is both novel and relevant While a 
definition such as Medmck’s or Maltzman’s 
thus describes the nature of a creative thought 
product and sets down appropnate guidelines 
for fashioning operations that will capture 
such products, relevance sensitivity does not 
seem to be an important part of the process 
that eventuates m these products, What mat- 
ters most is the generating of associates, once 
produced, the evaluation of their relevance 
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and appiopriate action in the light of this 
judgment seems to pose little difficulty 

The evidence for this conclusion arises from 
considering the lange of associative proce- 
dures that have been found to be related to 
one anothei — both m terms of individual dif- 
ferences and m terms of experimental manipu- 
lation effects This range runs the gamut from 
situations where judgments of relevance to a 
task are of paramount importance for a per- 
son's performance level to situations where 
evaluations of relevance play no pait at all 
Since the individual who shows up well m the 
former class of situations also shows up well 
in the latter, lelevance sensitivity cannot play 
a strong role m a psychological account of 
what makes foi his proficiency What all the 
situations demand, on the othei hand, is that 
the peison generate associates in accordance 
with a flat rather than a steep gradient of re- 
sponse likelihoods Let us recall some of the 
evidence m question 

In the course of the last thiee sections of 
this chaptei , we have found, for instance, that 
training in the emitting of free associations 
to a stimulus — where virtually no relevance 
criterion exists for the responses — transfers to 
enhance a subject’s performance on the un- 
usual uses task, this is a situation where it is 
undei stood that one’s lesponses must be rel- 
evant and not bizarre So, also, we have found 
that free association tiaimng transfers to facil- 
itate performance on the RAT, where the rel- 
evance criterion is so stringent that only one 
particular response will meet it Individual 
diffeiences m productivity of associates under 
completely free conditions, furthermoie, have 
been found to correlate with RAT perfor- 
mance level When we examine more closely 
the nature of what a person who is deficient 
at unusual uses or RAT performance can and 
cannot do, the issue of evaluating response 
relevance immediately is shown to be unim- 
portant Give a person who cannot suggest 
unique uses for a newspaper a list of the 
unique uses suggested by someone else, and 
that person has no trouble recognizing the 
relevance of the unique uses m question, Tell 
a peison who cannot provide the solution to 
a RAT item what the answer is, and he easily 
sees that the answer-word is relevant to each 
of the three words constituting die problem 

Links do exist across performances ranging 


from completely free association, wheie any 
response to a stimulus is acceptable, to pro- 
cedures such as the unusual uses test, where 
responses must meet a minimum relevance 
cntenon, to the RAT, where but a single re- 
sponse is defined as relevant Generation or 
production of unique associates by virtue of 
a relatively flat associative gradient thus is 
seen to define the attribute of associative 
phenomena most relevant for creativity, and it 
is an attribute that possesses substantial in- 
dependence fiom convergent-thinking skills 
What we have come to is quite consistent, we 
might note, with the introspective accounts 
by eminent men m the arts and sciences cited 
earlier, where the emphasis seemed to be on 
ease of associative flow as such — evaluational 
processes being relegated to a later phase of 
work Can we locate other correlates of as- 
sociative output and uniqueness, however, 
that will permit us to obtain a clearer picture 
of their degree of behavioral genei ality ? The 
final two sections of the chapter are ad- 
diessed to this question 

FANTASY 

As the term "fantasy” is used by psychol- 
ogists, it typically refers to cognitive pro- 
ducts having two characteristics they rest to 
at least some degree upon associative relation- 
ships among their constituent elements, and 
they possess to at least some degree an in- 
tegrated or sustained character Given the 
utilization of associative material m fantasy, 
its character should be importantly influenced 
by the variables of associative productivity 
and uniqueness that we have been consider- 
ing, and hence it should help define the im- 
plications of these variables Given the poten- 
tial significance of linguistic skills m the 
structure and expression of fantasy, however, 
it is evident that the role of verbal intelligence 
will have to be disentangled from a subject’s 
fantasy behavioi if we are to understand the 
part played m fantasy by associative proc- 
esses We have touched upon this issue be- 
fore, here we turn to evidence that permits 
us to face it directly m the sense of deter- 
mining as specifically as possible what aspects 
of fantasy rest upon the associative creativity 
dimension to which our review has led First 
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we discuss some research on the TAT by 
Maddi and his associates 

Research by Maddi and His Collaborators 

Novelty of Story Productions on the TAT. 
Scoring Considerations and Some Findings 
We can view the Maddi group’s research on 
fantasy as falling mto two phases In the first 
phase, three possible definitions of novelty or 
newness as reflected in TAT stories were ex- 
plored, and some results were obtained which 
began to suggest that one of these definitions 
might tap the same vein as the associative 
creativity dimension In the second phase, the 
definition that had looked most fruitful m this 
regard was m fact found to fulfill its promise 
To begin, then, what were the three ap- 
proaches to novelty m fantasy that were 
taken? 

Curiosity, desire for novelty and novelty of 
productions were the labels applied by Maddi 
and his associates ( see, e g , Maddi, Charlens, 
Maddi, and Smith, 1962, Maddi and Berne, 
1964, Maddi, 1965, Maddi, Propst, and Fel- 
dinger, 1965) to the aspects of TAT fantasy 
that they isolated foi study Scoring for curi- 
osity was based upon content m which story 
characters ask questions, raise problems, or 
express perplexity, with the implication that 
new or further information would aid m re- 
solving such puzzles Desire for novelty , in 
turn, was defined as story content in which 
characters express interest m the novel and/ 
or dissatisfaction with the familiar Thus state- 
ments indicating concern with what is new, 
exciting, unusual, or different would earn 
scores for this category, as also would state- 
ments reflecting disenchantment with the 
status quo Finally, novelty of productions 
referred to various categories of character 
treatment and plot that were judged to con- 
stitute unusual or infrequent ideational con- 
tent on the part of members of the subculture 
in question The categories of character treat- 
ment that earned scores were unusual role 
designations (eg, uncommon occupations) 
and uncommon naming The categories of 
plot treatment earning scores were unusual 
events (eg, an illegal or catastrophic hap- 
pening), novel interpretations (eg, a story 
based upon paradox), and unexpected end- 
ings (an ending that violates an expectation 
generated by the preceding narrative) 

A contrast can immediately be drawn be- 


tween the last of these three scoring defini- 
tions and the other two Whereas curiosity 
and desire for novelty both concern the ex- 
pression of a subject’s ideology or values re- 
garding novelty-related behaviors, novelty of 
productions concerns the actual incidence of 
statistically infrequent story content — al- 
though inferred, to be sure, on the basis of 
judgmental approximation rather than actual 
counting A further distinction should be kept 
m mind, however, between a person’s verbal- 
ized values or ideology m relation to novelty 
and the actual preference behavior that he 
would exhibit when faced with more and less 
novel stimuli — the stimuli that he would ac- 
tually seek to approach or avoid Demon- 
strated preferences need not be m line with 
espoused doctrine Curiosity and desire for 
novelty therefore do not concern preference 
for novelty but rather concern beliefs about 
how one should act toward various novelty- 
related issues In novelty of story produce 
tions, then, we have a measure that looks as 
if it should reflect uniqueness and volume of 
associative output as defined m the kinds of 
task with which we are already familiar In 
curiosity and desire for novelty, on the other 
hand, we have measures that stay close to the 
surface of expressed beliefs, telling us neither 
about actual incidence of novelty m the sub- 
ject’s story productions nor about actual pref- 
erence for unusual ideational content 
The strongest finding in the first of the 
Maddi group’s studies (Maddi et al , 1962) 
was that exposure to a period of monotony 
led to a decrease m novelty of TAT story 
productions relative to the results obtained 
under each of three other experimental con- 
ditions, all of which involved either a period 
spent m free activity or an attempt to provide 
novel stimulation to the subjects These three 
conditions yielded similar outcomes A contrast 
between greater and lesser monotony in the 
environment, then, was found to have a par- 
allel effect on the level of novelty m obtained 
story content — less monotony eventuating in 
higher novelty production than greater mo- 
notony If novelty of story productions can be 
primed by the environment, then the inci- 
dence of novelty m story content is behaving 
m a manner analogous to the incidence of 
novelty m detached associates as studied by 
the Maltzman group When we turn to in- 
dividual diffeience relationships, will story 
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novelty be linked with productivity of dis- 
crete associates and be relatively independent 
of intelligence? 

In the first of their sets of data that bear 
upon this question, Maddi et al (1965) and 
Maddi (1965) provided some clues suggest- 
ing that the answer is affirmative, but the evi- 
dence remained ambiguous Three tasks con- 
cerned with productivity regarding disci ete 
associates were given to a sample of 62 male 
undergraduates In one, the subject was to 
write down, during a 5 minute period, single 
words describing the feelmgs and sensations 
that he actually experienced, with number of 
words produced constituting the measure In 
a second, the subject was to spend 5 minutes 
wntmg down any thoughts at all that came to 
him, with number of separate thoughts pro- 
viding the measure The final task requested 
the subject to list all the uses of a bnck that 
he could think of during 5 minutes, with 
number of uses as the score The three pro- 
cedures just described were found to be 
strongly correlated among themselves but only 
marginally correlated with an index of verbal 
intelligence — thus confirming once again the 
presence of an associative creativity dimen- 
sion But what of relationships with novelty 
of story productions on the TAT? Whereas 
the novelty of productions measure was only 
marginally correlated with verbal intelligence, 
it was somewhat more strongly correlated 
with two of the three tasks that reflected pro- 
ductivity of discrete associates To at least 
some degree, then, novelty of story produc- 
tions was found to be linked with the associa- 
tive creativity dimension m a manner that 
could not be explained away in full on an 
intelligence basis 

A further provocative lead was obtained 
from the material just described Although 
positively correlated with the measures con- 
cerning output of discrete associates, novelty 
of productions was inversely correlated with 
what seems best described as a measure of 
random activity during a sham waiting period 
The subjects found to be higher m novelty of 
story productions were those who waited 
more quietly— did not carry out as much ma- 
nipulation of things in the office where they 
waited One can interpret this finding as sug- 
gesting that the persons who produce a great 
deal of novel content m their stories are 
more likely to spend the waiting penod im- 


mersed in their own imaginings — and hence 
spend more time in general producing fanta- 
sies As we shall note later, a similar kind of 
finding has been observed by Singer (1961) 
with children Such a relationship again seems 
consistent with what would be expected if a 
linkage existed with the associative creativity 
dimension Nevertheless, we would like to 
have firmer evidence of a bridge between as- 
sociative creativity measures and novelty of 
story productions 

Novelty of Story Productions, Preference 
for Novelty, and Associative Uniqueness* The 
Evidence for a Syndrome. In a report by 
Maddi and Andrews (1966) , 56 naval medical 
corpsmen trainees, ranging in age from 17 to 
27 years and m education from ninth grade 
to several years of college, wrote stories m 
response to customary TAT pictures and in- 
structions Scoring of the stories was carried 
out for curiosity, desire for novelty, and nov- 
elty of productions An adaptation of Guil- 
ford’s uses task also was administered De- 
rived from this task was an index of the 
statistical infrequency of the uses offered 
Correlations with originality of uses were 12 
for curiosity, — 09 for desire for novelty, and 
62 for novelty of productions Not only was 
novelty of productions strongly related to the 
uses measure, but the other two story indi- 
cators were unrelated to the uses task Cor- 
relations with general intelligence, on the 
other hand, were 27 for curiosity, 15 for 
desire for novelty, and 01 for novelty of pro- 
ductions While highly correlated with uses 
originality, novelty of productions thus was 
quite independent of general intelligence 
Such an outcome is particularly impressive in 
the case of the present sample, where the 
wide heterogeneity of educational level meant 
that chances for a relationship between intelli- 
gence and novelty of productions were max- 
imized 

This demonstration was replicated on an- 
other sample by Pearson and Maddi (1966), 
which also explored a measure of preference 
for novelty Included m the Peaison-Maddi 
research were the sample of naval medical 
corpsmen already described and a new sample 
of 40 undergraduate volunteers of both sexes 
For the second sample, novelty of story pro- 
ductions correlated 42 with originality on the 
uses task but only 05 with a verbal intelli- 
gence indicator, thus repeating the findings 
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described for the corpsmen A novelty pief- 
eience measure — the Similes Piefeience In- 
ventory — was devised and administered to 
both samples Each of the items on this in- 
strument presented the beginning of a common 
simile followed by five alternative endings 
fiom which the subject was to select the one 
he most preferred Of the five possible end- 
ings for each simile, two were designed to be 
more usual and the othei three more unusual 
Scoring depended upon the number of similes 
for which an unusual rather than a usual end- 
ing was selected Note that the present indi- 
cator represents a measure not of beliefs or 
values concerning novelty, but rather of actual 
preference behavioi where a choice must be 
made which will favor stimuli of greater or 
lesser novelty Novelty preference was found 
m this study to be related both to novelty of 
story productions and to associative unique- 
ness, while at the same time also standing 
independent of intelligence It was further- 
more found that novelty preference did not 
relate significantly with either of the other 
two story measures Not only, then, has the 
relationship between novelty of productions 
and associative uniqueness been replicated in 
the Pearson-Maddi study, but two indepen- 
dent demonstrations of the relationship be- 1 
tween each of those variables and prefeience 
for novelty have been provided as well In- 
telligence — aheady known to be essentially 
independent of associative uniqueness — has 
been shown m two replications to be likewise 
independent of novelty of story productions 
and of preference for novelty Finally, 
neither of the remaining story indices — 
curiosity 01 desire for novelty — showed re- 
lationships with associative uniqueness or 
with novelty preference 
It will be recalled that previous evidence 
already testified to a connection between as- 
sociative uniqueness and novelty preference 
RAT performance and novelty preference 
were found to be related The present findings 
Jinking associative uniqueness with novelty 
preference offer further evidence for this 
relationship 14 We are therefore left with 

14 A study also can be cited m which description 
of oneself as prefemng novelty — although a be- 
lief-centered type of index — was found to corre- 
late significantly with ideational fluency and 
originality scores on the uses task for sixth-grade 
children (Penney and McCann, 1964) In the 


strong evidence m support of the view that 
the generating of umque associates reflects a 
preference for unusual ideational content as 
well as coming about as a necessary conse- 
quence of high associative output Turning 
to the data on TAT stones, it has become 
clear that the associative creativity dimension 
has strong implications for one particular 
aspect of fantasy — the novelty or unusualness 
of its actual content Expression m fantasy of 
beliefs supportive of cunosity or of the search 
for novelty is the result, however, of deter- 
minants other than the disposition to produce 
plentiful and unique associates That associa- 
tive creativity generalizes to the novelty of a 
person's TAT productions is of no small im- 
portance, of coarse, since this finding serves 
to broaden the behavioral arena for which 
associative productivity and uniqueness have 
demonstrable consequences With clear rela- 
tionships thus shown to obtain among novelty 
of TAT fantasy pioduchons, preference for 
novelty, and associative uniqueness, we shall 
consider next some strands of further research 
m which assessment of fantasy has played a 
major part 

Singers Studies and Related Work 

Terms such as “imaginative play" and “day- 
dreaming" refer to forms of fantasy that are 
spontaneous, m contrast to, foi example, TAT 
stones or Rorschach responses, which repre- 
sent forms of fantasy that are elicited by an 
experimenter s request As types of spontane- 
ous fantasy, the difference between lmagma- 

Penney-McCann investigation as well as m a 
subsequent study by Penney ( 1965) that was also 
conducted with children, the self-descriptive mea- 
sure of novelty preference — the Children’s Reac- 
tive Cunosity Scale — proved to be independent 
of intelligence Of possible relevance m addition 
is research by Teeter, Rouzer, and Rosen (1964), 
where third-, sixth-, and ninth-grade children 
were asked if they would rather look at a list of 
information that many people know or that only 
a few people know Expressions of preference for 
the novel list — with the expectation that one 
would then receive the preferred list — were found 
to be independent of intelligence for both sexes 
at all grade levels No relationships with associa- 
tive measures, however, were investigated Simi- 
larly, expressions of novelty preference and inci- 
dence of unusual interpretations of visual figures 
were found by Acker and McReynolds (1967) 
to be related in a college student sample. 



CREATIVITY 1259 


tiv© play and daydreaming would seem to 
reside m the question of task relevance If the 
self-generated fantasy behavior is relevant to 
some immediate task faced by the person, we 
tend to consider it imaginative play, if it is 
irrelevant to the immediate task he faces, on 
the other hand, we tend to consider it day- 
dreaming 15 

In the preceding part of the chapter, we dis- 
cussed some evidence on a type of elicited 
fantasy — TAT stories Now we turn to work 
which concerns spontaneous as well as elicited 
fantasy 

Incidence of Spontaneous Fantasy, Novelty 
of Elicited Fantasy, and Associative Creativ- 
ity. Evidence on Relationships. The link be- 
tween novelty of elicited fantasy and associa- 
tive creativity already has been documented 
— at least for TAT stories — in the work by 
Maddi and Andrews (1966) and by Pearson 
and Maddi (1966) But what of spontaneous 
fantasy? Let us turn first to work relating 
spontaneous fantasy to novelty of elicited 
fantasy, A study by Singer and Schonbar 
(1961) with female graduate students as- 
sessed spontaneous fantasy by asking the sub- 
jects to indicate the frequency with which 
they experienced each of a large number of 
daydreams This type of daydreaming ques- 
tionnaire — reported on m more detail by 
Singer and McCraven (1961) and Singer 
(1966b) — presents a heterogeneous range of 
daydream content and has been shown to pos- 
sess high mtemal consistency Singer (1966b) 
furthermore has noted that high scorers m 
general subscribe to daydreams that are more 
fantastic or unlikely of occurrence Regarding 
novelty of elicited fantasy, the subjects were 
asked to write an original story and also to 
write an account of an actual daydream, These 
two written products were scored m terms of 
five criteria — degree of novelty of materials, 
novelty of character, novelty of time se- 
quences, novelty of spatial sequences, and 
emotional vividness A total score was derived 
Four of the five scoring considerations — all 
but emotional vividness — concern the intro- 
duction of one or another kind of novel con- 
tent, and thus seem quite analogous to Maddi's 
scoring system for novelty of productions 
“Creativity in storytelling'* as defined by Singer 

15 On daydreaming as task-irrelevant spontane- 
ous fantasy, see, eg, Singer (1966a), Antrobus, 
Singer, and Greenberg (1966) 


and his associates thus appears to represent 
the same variable as the Maddi group*s "nov- 
elty of productions'* concept, and hence we 
shall continue to use the latter term The 
Singer-Schonbar research yielded a correlation 
of 48 between novelty of written productions 
and frequency of daydreaming Furthermore, 
independence from verbal intelligence was 
found m the case of both vanables A clear 
demonstration has been provided, then, of the 
linkage between incidence of spontaneous 
fantasy and novelty of elicited fantasy, and of 
the independence of both from the intelligence 
domain 

The same kind of demonstration was pre- 
sented m a study of children of ages 6 to 9 
by Singer (1961) Degree of spontaneous 
fantasy was defined in terms of the answers 
to four interview questions, two of which con- 
cerned play and the other two daydreaming 
The play questions inquired about the child's 
favorite game and about the games he plays 
when playing alone Choice of games re- 
quiring imaginative play m contrast to vigor- 
ous physical activity earned positive scores 
The daydreaming questions asked whether 
the child ever has pictures in his head and 
whether he has a make-believe playmate The 
spontaneous fantasy measure was found to 
be independent of intelligence, age, and sex, 
but was strongly related to novelty of story- 
telling productions The interview measure 
also was found to be related to each of two 
overt behavioral indicators of the tendency to 
engage m spontaneous fantasy, thus offering 
validation for the self-report questions The 
overt behavior indices concerned "waiting 
ability" and were introduced m the context of 
selecting people for enduring the solitary con- 
finement of space flight The children able to 
wait the longest were those who filled the 
interval with imaginative play — making be- 
lieve, for example, that they were piloting a 
rocket ship A study by Smger and Chipman 
(1961) provided the same kind of overt be- 
havioral validation for a children's version 
of the daydreaming questionnaire Whether 
spontaneous fantasy is measured m terms of a 
daydreaming questionnaire as m the Singer- 
Schonbar study or m terms of the kind of 
interview questions asked m the Smger (1961 ) 
research, such intelligence-free relationships 
have been obtained with novelty of elicited 
fantasy productions 
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Other evidence supporting a relationship 
between spontaneous fantasy and novelty of 
elicited fantasy can be cited as well, and we 
shall give a few more brief examples Page 
(1957), for instance, found that incidence of 
daydreaming was linked for female undergrad- 
uates with the giving of M responses on the 
Rorschach With M responses relatively un- 
usual as such, they were rendered even moie 
novel in the Page study by crediting for M 
only if movement was clearly verbalized m a 
person s first response to a blot and only if 
the response was not a popular one In an 
investigation by Riess (1957), children ex- 
hibiting greater restraint during a waiting 
period — and hence presumably more make- 
believe play — were found to offer a greater 
frequency of M responses on the Rorschach 16 
Preference for toys requiring minimal motor 
activity and maximal spontaneous fantasy 
participation — such as a science kit or a fort 
with toy soldiers m contrast to a basketball or 
a baseball bat — turned out m a study by 
Lesser (1962) to characterize children who 
showed more unusual imaginal content m 

16 We should hasten to emphasize that, notwith- 
standing relationships such as have just been 
described, the meaning of M sconng on the 
Rorschach is far from clear There have, for ex- 
ample, been, considerable variations in sconng 
cnteria and stimulus materials Thus the fact 
that Griffin ( 1958 ) failed to obtain a relationship 
between M scores and subjective creativity rat- 
ings of undergraduates equated on intelligence 
may have been due to the use of a set of ink- 
blots — the Legy Movement Blots — specifically de- 
signed to elicit M responses As a consequence, 
M responses may have been rendered too likely 
m that study On the other hand, further results 
favoring a linkage between one or another defini- 
tion of plentiful spontaneous fantasy and one or 
another type of M sconng are contained in Bar- 
ron (1955), Myden (1959), and Clark, Veldman, 
and Thorpe (1965) Further, a study by Dons, 
Sarason, and Berkowitz (1963) linking self-re- 
ported anxiety with M responding for second 
graders may be of relevance on the assumption 
that the former measure reflects introspective 
sensitivity In a recent study, however, Swartz 
(1965) found just the reverse relationship, with 
higher M scores earned by the low-anxious chil- 
dren With this type of elusiveness characterizing 
the M concept, it is doubtful that the kinds of 
theoretical promissory notes offered in favor of 
M by such writers as Stark ( 1964, 1965a, 1965b, 
1966) will soon be cashed in. 


their TAT productions and Rorschach re- 
sponses Since incidence of reported night 
dreams constitutes a form of spontaneous 
fantasy that is known to correlate with fre- 
quency of daydreaming behavior (see, eg, 
Singer and Schonbar, 1961), we also might 
note a study by Adelson (1960), where un- 
dergraduate females reporting night dreams 
that contained more unusual content also were 
found to show greater originality m choice 
of theme and treatment m creative writing 
products 

With evidence m hand supporting relation- 
ships between spontaneous fantasy and 
novelty of elicited fantasy as well as between 
the latter and associative creativity, can the 
circle be completed with findings showing 
that spontaneous fantasy and associative cre- 
ativity are linked? Regrettably, the explicit 
evidence on this question is relatively meager, 
although — m the light of the material already 
reviewed — it would be most surprising if this 
link were not present Positive support for 
the link was piovided by Page (1957), who 
found that frequency of daydreaming among 
college females was strongly related to the 
number of ideational responses offered per 
Rorschach caid The number of different 
construmgs by the subject as to what an ink- 
blot suggests is, of course, an mdex of asso- 
ciative productivity Interestingly enough, 
whereas the number of different responses 
given to a blot stimulus was highly related 
with incidence of daydreaming, the sheer 
number of words given pei response or per 
stimulus card was unrelated to the daydi earn- 
ing index This is precisely what we would 
expect on the assumption that number of 
words reflects verbal intelligence, since it has 
been demonstrated that daydreaming fre- 
quency as well as associative productivity are 
independent of intelligence 
Apart from Page's results, however, the 
only other relevant study yielded an ambigu- 
ous outcome Singer and Antrobus (1963) 
found, with male freshman subjects, only a 
trend toward relationships between day 
dreaming frequency and certain Guilford 
tasks However, the array of Guilford proce- 
dures — chosen to cover the whole range of 
factors distinguished by him — all were ad- 
ministered with bnef time limits. We have 
already noted how time pressure can mitigate 
against attaining high levels of associative 
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creativity The brief time limits utilized m 
the Smger-Antrobus lesearch thus may have 
heavily restricted the range of individual 
differences concerning productivity and 
uniqueness of associates on those of Guilford’s 
tasks that tapped these characteristics In the 
Page study, no such time pressuie was operat- 
ing 

It seems fair to conclude that the connec- 
tion between novelty of elicited fantasy and 
associative creativity can be extended at least 
tentatively to mclude incidence of spontane- 
ous fantasy as well In closing this section, 
there is a further point that we should like 
to mention It is that spontaneous fantasy — 
especially of the daydreaming variety, where 
the cognitive activity is task-irrelevant — can 
be readily interpreted m terms of breadth of 
attention deployment Daydreaming repre- 
sents a form of attentional wandering par ex- 
cellence Inclusion of spontaneous fantasy m 
the correlational network surrounding asso- 
ciative creativity thus provides further sup- 
port for an attention-deployment interpreta- 
tion of associative creativity 

The Question of Origins Since some work 
has been carried out on the issue of factors 
influencing the development of fantasy, clues 
may be at hand for understanding how asso- 
ciative creativity develops also Most of what 
can be said, however, remains quite specula- 
tive To begin, there is evidence suggesting 
that visual experience is particularly likely to 
form the raw material for fantasy Thus, for 
example, Singer and McCraven (1961) found 
that most of the daydream reports they 
gathered involved visual imagery Maupm 
(1965), m turn, reported that level of in- 
volvement in carrying out quiet contempla- 
tion or meditation was correlated with the 
amount of visual imagery obtained m a free 
association task The result did not appear to 
be accountable for m terms of a simple rela- 
tionship with intelligence Moreover Singer 
and Stremer (1966) compared blind and 
sighted children who were matched for in- 
telligence, sex, and socioeconomic back- 
ground, with the result that the sighted group 
substantially exceeded the blind group re- 
garding incidence of spontaneous fantasy and 
novelty of elicited fantasy productions, It is 
possible, then, that the availability of varied 
visual experience is particularly conducive to 
fantasy development At the least, it seems 


that, contrary to psychoanalytic formulations, 
fantasy is more likely to reflect a perceptually 
rich environment than to arise m compensa- 
tion for the blocked expression of impulses 
This is an etiological proposal that has been 
made by Singer (1966b), who goes on more 
specifically to suggest that fantasy may con- 
stitute the internalization of play 

Drawing on Piaget (1962), White (1959, 
1963), and Schachtel (1959), Singer suggests 
that the child engages in spontaneous play 
activity when pressing urges are relatively 
quiescent, utilizing, for this play, raw ma- 
terials provided by the environment For the 
very young infant, phenomena associated with 
one’s own body will suffice — for example, the 
appearance and disappeaiance of the baby’s 
hands m his visual field Subsequently, raw 
material of a more complex order is needed — 
thus making important the provision by par- 
ents of varied experience, as well as the 
leisure and privacy to carry on playful com- 
merce with a heterogeneous range of environ- 
mental stimulation Pressures toward cognitive 
economy then force the progressive internali- 
zation of play mto thought, since the child 
becomes increasingly unable to find the time 
for re-creating games m all their full-blown 
response characteristics and instead must store 
their associative content m a form — fantasy — 
that can be used privately While such a 
proposal is influenced by Piaget, its aim is not 
to characterize the role of play in movmg the 
child toward more sophisticated expressions 
of general intelligence — which is, as Sutton- 
Smith (1966) has observed, Piaget’s basic 
onentation — but rather to claim for play a 
crucial role m fantasy— a type of cognitive 
activity whose spontaneous incidence and 
novelty cannot be predicted fiom level of 
general intelligence What kinds of evidence 
bear upon this proposal? 

Singer (1961) found that children showing 
higher levels of spontaneous fantasy activity 
differed from those showing lowei levels by 
reporting more interaction with their parents 
that would involve fantasy, such as games and 
storytelling, a higher degree of personal, ex- 
tensive contact m general with a parent, and 
less involvement with siblings by virtue of 
being the oldest child, an only child, or hav- 
ing fewer older siblings These results con- 
stitute particularly good evidence since the 
high and low fantasy groups did not differ 



1262 MICHAEL A. WALLACH 


regarding intelligence On the other hand, 
there is the problem that the kinds of familial 
situations descnbed here in contrasting high 
and low fantasy children also are ones that 
would tend to differentiate higher from lower 
intelligence children Abstract thought capaci- 
ties and the ability to work with language 
and other formal systems should likewise be 
enhanced by the family circumstances that 
have been descnbed as fostenng fantasy Thus 
consider the following results obtamed by 
Helson (1965, 1966) With a sample of 135 
female college seniors, a checklist of child- 
hood activities was administered and a mea- 
sure was developed concerning the extent to 
which the subject had denved pleasure from 
a subset of activities concerned with imagina- 
tive play and artistic expression This mea- 
sure, however, was found (Helson, 1966) to 
correlate beyond the 01 level both with 
verbal Scholastic Aptitude Test scores and 
also with grade pomt averages 17 Helson 
(1966) points out that the measure of child- 
hood concern with imaginative play and artis- 
tic activities that she used m her earlier study 
(Helson, 1965) was based on fewer items 
and had weaker relationships to presumed 
creativity criteria than the measure used m 
her later study Ironically, however, the newer 
measure also has stronger relationships to 
verbal aptitude than the older measure An 
early childhood setting that should promote 
fantasy mvolvement, therefore, as reflected in 
recollections of such activities as solitary play, 
writing of poems and stories, and creating of 
complicated imaginary situations, is found to 
eventuate m higher levels of verbal intelli- 
gence and academic achievement 
While a close parental relationship, the 
carrying on of games and storytelling with 
parents, and the time and privacy for solitary 
play activities all can be expected to foster 
the development of fantasy capacities, they 
hence can be expected to enhance general 
intellective functioning as well Although sub- 

r 7 Among high scorers on the activities cluster 
just descnbed, those nominated as creative by 
their teachers also were found to have signifi- 
cantly higher verbal SAT scores and grade point 
averages than those who were not so nominated 
The teachers’ creativity judgments thus were re- 
flecting traditional intellective cntena, just as 
were the scores on the childhood activities cluster 
in question 


tie differences may well exist between intelli- 
gence- and fantasy-promoting family back- 
ground characteristics m terms of greater 
parental tolerance for deviation from reality 
and hence for error on the child’s part as 
more conducive to development of fantasy, 
such differences may be difficult to tease out 
empirically One comes away with the feeling 
that a major source of variance concerning 
individual differences in the novelty of elicited 
fantasy and the incidence of spontaneous 
fantasy — and hence, presumably, also m asso- 
ciative creativity — resides in hereditary fac- 
tors For example, Scarr (1966) found identi- 
cal twins to be more similar to each other 
than fraternal twins m the amount of time 
spent viewing novel stimuli Given the en- 
vironmentalists bias of our culture, it seems 
likely that the role of heredity in the present 
domain is much greater than has been as- 
sumed, thus rendering it eminently worthy 
of investigation 

Finally, we should note that — whethei 
based upon environmental or hereditary con- 
siderations or both — there is evidence indi- 
cating that the kmds of fantasy and associative 
indicators that we have been considering are 
related to self-report scores on manifest anx- 
iety indicators Such evidence suggests that 
manifest anxiety indicators may function more 
as indices of introspective sensitivity than of 
pathology — at least m grossly normal samples 
To begin with, consider that relationships be- 
tween manifest anxiety scores and intelligence 
measures are found to be zero or negative, 
but never positive (see, eg, Spielberger, 
1958, Sarason, Davidson, Lighthall, Waite, 
and Ruebush, 1960, Ruebush, 1963) This 
implies that linkages between higher anxiety 
scores, on the one hand, and higher scores 
on the fantasy or associative indicators, on 
the other, cannot be mediated by higher in- 
telligence levels And linkages of this kind 
have been obtamed m several studies 

Maddi and Andrews (1966) found mani- 
fest anxiety scores to be positively corre- 
lated with novelty of TAT story productions 
So also, both Singer and Schonbar (1961) 
and Singer and Rowe (1962) found positive 
relationships between manifest anxiety indi- 
cators and frequency of daydreaming Anal- 
ogous positive correlations have been obtained 
between manifest anxiety and another arena 
of spontaneous fantasy activity — incidence of 



CREATIVITY 1263 


night-dreaming, as inferred from dream re- 
ports (Schonbar, 1959, Smger and Schonbar, 
1961, Tart, 1962) or from amount of sleepmg 
time during which periods of rapid eyeball 
movement occurred (Rechtschaffen and Ver- 
done, 1964) Turning to associative behavior, 
Davids and Enksen (1955) reported a posi- 
tive relationship between manifest anxiety 
and an index of associative productivity — the 
number of associates offered in response to 
each of a variety of stimulus words Both the 
anxiety and the associative productivity mea- 
sures, in turn, were independent of general 
intelligence and academic achievement for 
the undergraduates in the study Wallach and 
Kogan (1965a, 1965b) found — m the case of 
boys but not girls — that high associative 
productivity and uniqueness were linked with 
intermediate rather than low levels of mani- 
fest anxiety And m a possibly relevant study 
concerned with preferences for “feminine” 
versus “masculine” play activities, where the 
feminine emphasized imaginative fantasy and 
dramatization, whereas the masculine em- 


phasized forceful physical contact and large- 
scale motoric involvement, Sutton-Smith and 
Rosenberg (1960) found that preference for 
the games involving imaginative play rather 
than extensive bodily movement was greater 
among the high-anxiety than the low-anxiety 
boys All in all, the results just reviewed seem 
to argue for greater introspective sensitivity 
on the part of persons displaying the types of 
fantasy and associative behaviors with which 
we have been concerned However such sen- 
sitivity arises, it may well be causally impli- 
cated m associative creativity, novelty of 
elicited fantasy, and incidence of spontaneous 
fantasy 

In this chapter the question of locating and 
conceptualizing psychological processes to 
which the term “creativity" can be justifiably 
applied has been our mam concern Given the 
encouraging results of this enterprise, next 
on the agenda for the psychology of creativity 
should be the study of how these processes 
are implicated m the attainment of products 
judged creative by the society 
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18. Individual Variation in Cognitive Processes 1 

JEROME KAGAN and NATHAN KOGAN 

with the assistance of Anne L Bloxom and Regma Yando 


The traditional insularity among the com- 
plementary processes of thought, motivation, 
and behavior is being overcome, making it 
necessary to invent concepts that reflect the 
new relations among these processes The in- 
troduction of the concepts of field indepen- 
dence, reflection-impulsivity, leveling-sharpen- 
ing, automatization, and creativity reflects 
an initial attempt to provide structure to the 
reliable variability that is characteristic of 
cognitive functioning among humans The 
theoretical substance of these concepts typ- 
ically implies that a blend of biological and 
motivational variables is responsible for the 
public phenomena The vigorous and system- 
atic study of variability m cognitive products 
represents a return to an interesting topic 
rather than a new frontier Sir Francis Galton 
and James McKeen Cattell directed much 
investigative energy to individual differences 
m quality of cognitive functioning Cattell, 
as early as 1890, proposed 10 tests that could 
be used to evaluate differences among people 
The procedures included dynamometer pres- 
sure, rate of movement, two-pomt skm thresh- 
old, pressure causing pain, least noticeable 
difference in weight, reaction time to sound, 
time for naming colors, bisection of a 50 centi- 
meter line, judgment of 10 seconds time, num- 
ber of letters remembered on one hearing 
(Cattell, 1890) 

Four of these tests focus on temporal func- 
tions and the rest assess sensory acuity or 
simple motor skills, This early battery mirrors 
the intellectual prejudices of the nineteenth 
century Speed of nerve impulse conduction 
and psychophysical functions were dominant 


empirical and theoretical issues, and it was 
reasonable to conclude that differences m 
quality of thought were the sequellae of 
differences m sensitivity of receptor function 
and central nervous system transmission 
speeds 

The contrast with today’s tests is instruc- 
tive and encouraging A modern-day Cattell 
might select a test battery that mcluded ver- 
bal analogies, object sorting tests, memory 
for digits and sentences, the rod and frame 
test, embedded figures test, verbal fluency, 
haptic-visual matching test, Stroop color word 
test, and matching familiar figures 

The contemporary battery evaluates rich- 
ness of language, reasoning, classification, and 
perceptual synthesis and decision processes 
The contemporary tests are clearly more 
cognitive and complex than those devised 80 
years earlier Immediate memory represents 
the only node of overlap, and its survival 
attests to its centrality in cognition 

i Preparation of this chapter was supported m 
part by Research Grant MH-8792 from the Na- 
tional Institute of Mental Health, Contract No 
43-65-1009 and Research Grant 1 POl HD-01762 
from the National Institute of Child Health and 
Human Development, and a grant from the 
Carnegie Coiporation of New York Various peo- 
ple contributed to the preparation of this chapter 
We are indebted to Laura Garde, Ann King, 
Kathenne Moore, Doris Simpson, and Terry 
Stagman for their invaluable assistance This 
chapter has profited from the comments and 
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The Current Concern with Cognition 

A concern with social-class differences m 
school performance, creativity, and new dis- 
coveries in personality research has sparked 
the contemporary analysis of systematic vari- 
ability m cognition The awesome differences 
between lower- and middle-class childien are 
apparent to even the most inexperienced 
observer The lower-class child has a sparser 
language reservoir and is more impulsive 
than his middle-class peer These cognitive 
characteristics contribute to the lower-class 
child’s poorer performance m school It is 
impel ative that we inquire into the origins 
of this deficit and the mechanisms of its de- 
velopment 

The second incentive was born from the 
concern with creativity and the need to 
differentiate, among the verbally proficient, 
those who had fluent, flexible, and novel ap- 
proaches to problems from those whose hy- 
potheses were normative and steieotyped 

A third force stems from the insights of 
personality theorists who demonstrated not 
only that motives and conflicts affected per- 
ceptual and problem-solving performance, but 
also that responses to traditional personality 
tests — be they projective or objective — were 
as strongly influenced by cognitive as by mo- 
tivational forces 

These three diverse historical forces have 
led to a substantial body of literature, but, 
equally important, they have provided a fiesh 
perspective to our view of cognition 

The Emphasis on Cognitive Processes. Psy- 
chology has returned for the second time to 
court die problems of mental life The turn- 
about of the last decade is appreciated if one 
compares the last issue of Child Development 
m 1967 with the last issue 10 years earlier 
Whereas 20 of the 27 empirical papers m 
the December 1967 journal weie inquiries 
into cognitive functioning, there were none 
m the December 1957 issue The return to 
internal processes reflects more than a cyclical 
change in popularity of a topical area The 
return is characterized by a realization that 
psychology is not only the "science of the 
study of behavior,” but also the science of 
the structure of mental life We are beginning 
to acknowledge the potential validity of three 
important premises. 

First, a particular motive, conflict, or ex- 
pectancy will lead to different behaviors at 


different ages or m different contexts The 
child with a strong motive for social recogni- 
tion may work hard m the school setting or be 
mischievous m a recreational setting He may 
choose academic success as a route to recog- 
nition if he glows up in a middle-class neigh- 
borhood, he is likely to choose antisocial ag- 
gression if he is i eared m a lower-class, urban 
setting He may tease his mother at age 3 and 
compete with his peers at age 15 This princi- 
ple is analogous to the concept of pleiotropy 
in genetics, wheie a particular gene can have 
different manifest effects (King, 1967) 
Second, it is likely that the possible variety 
m behavior cannot match the potential vanety 
of covert cognitive piocesses As a lesult, a 
particular behavioi must be in the service of 
many different piocesses Consider the rel- 
atively simple response of smiling The smile 
can reflect an insight, a reaction to a joke, a 
familiar greeting to a friend, or a hostile 
feeling, Similarly, the cry can mirror sadness 
or joy, dependence or fear 
Finally, each response is typically multi- 
determmed — the result of more than one 
fundamental process This principle is analo- 
gous to the concept of polygeny m genetics, 
where many genes act m concert to produce 
a particular manifest character (King, 1967) 
These three premises require that psychol- 
ogy be as much concerned with cognitive 
processes as with behavior. An analogy to 
our sister sciences may be helpful Chemistry 
is defined as the science of the structure of 
matter, not the science that studies public 
manifestations of these structui es Contem- 
porary biology is more concerned with the 
structure of genes and proteins than with the 
morphological characters that are the final 
result of the actions of these units However, 
400 years ago each of these natural sciences 
took the study and explanation of external 
features as its central mission All natural 
sciences begin their inquiries with the public 
phenomena that they wish to explain With 
maturity, however, they turn their attention 
to the more covert hypothetical processes that 
must form the basis of their theories Psychol- 
ogy may be beginning to make the critical 
turn from preoccupation with interesting ex- 
ternal phenomena to the internal processes 
upon which the public behaviors rest 
One danger to be avoided m this regard 
is to assume necessarily an isomorphism be- 
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tween the terms m which behavior is con- 
ceived and the terms used to describe relevant 
internal processes Treisman (1968) has 
noted 

A Martian arrives on earth and for the 
first time in his life sees an automobile, some- 
thing completely new to him He is puzzled 
by it He watches how it performs and finds 
that automobiles hold the road well or poorly, 
have high or low maximum speeds, travel 
downhill better than uphill, prefer smooth 
roads, and never fly or swim But when he 
opens the hood and looks inside, all he sees 
is bits of metal, various wires, and a tank of 
smelly fluid There is nothing that looks like 
the maximum speed, 01 the road-holding 
ability He concludes that the automobile's 
behavior cannot be explained in terms of 
what lies under the hood, and he gives up 
m despair , Our position is similar when 
we want to explain the behavior of a human 
being, m health or disease We have to 
try to discover what its structure is and the 
laws which govern its functioning Not until 
we have got these straight can we see how 
far they explain human behavior (pp 460- 
461) 

The task is to gam full undei standing of 
the structure of behavior, the structure of 
cognitive processing, and the mechanisms that 
join these two domains It is possible, and 
mdeed likely, that the structure of behavior 
does not match that of cognition The heuris- 
tic assumption of the 'fifties that internal 
thought processes be treated as if they were 
overt responses may have outlived its useful- 
ness 

A Definition of Cognition 

The term "cognition" has typically referred 
to mental activities in the sense of both prod- 
uct and process* In this chapter, cognition 
stands for those hypothetical psychological 
processes invoked to explain overt verbal and 
motor behavior as well as certain physiological 
reactions Cognitive process is a superordmate 
term, subsuming the more familiar titles of 
imagery, perception, free association, thought, 
mediation, proliferation of hypotheses, rea- 
soning, reflection, and problem solving All 
verbal behavior must be a product of cogni- 
tive processes, as are dreams and intelligence 


test performances But skeletal muscle move- 
ments or visceral reactions are not necessarily 
linked to cognition 

At a metatheoretical level, it is possible 
that the units comprising the essence of 
cognitive processes may eventually be recog- 
nized as the structures currently missing m 
psychological theory Contemporary psychol- 
ogy seems to be a science of functions search- 
ing for its basic units, The laws of biology, 
chemistry, and physics consist, m the starkest 
sense, of collections of functional statements 
about entities In biology the cell and the 
gene are the basic units, and the principles 
of biochemistry describe their functions In 
chemistry the molecule and atom are funda- 
mental units, and the principles of chemistry 
describe how these units behave In physics 
particles and planets, aie units, and the laws 
of particle decay and planetary motion de- 
scribe the functions of these units Psychol- 
ogy's units may turn out to be cognitive 
structuies, and laws about cognitive process 
will describe how these units function 

The Mission of This Chapter 

This chapter contains three related sections 
The initial theoretical discussion analyzes the 
historical basis for the interest in individual 
variation m cognitive functioning The long 
section that follows considers some salient 
sources of individual differences m cognition 
It focuses On the dimensions that have come 
to be called, perhaps unfortunately, cognitive 
style and presents a detailed leview of the 
concept of field independence And the final 
section examines the role of motivational 
forces on the quality of cognitive functioning 

Lest the reader fear that we have taken 
too large a responsibility, we list here what 
is omitted. We shall not dwell on differences 
that are associated primarily with age, a 
topic central to several other chapters In- 
deed, a developmental description of cogni- 
tive functioning is one of the central concerns 
of this book Similarly, we shall not be 
concerned, in any bibliographic detail, with 
the differences that are associated with social 
class, mental retardation, or psychopathology 
These issues are considered adequately else- 
where in this book The major goal of the 
present chapter is to review and summarize 
some of the contemporary constructs invoked 
to explain individual differences in cognitive 
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functioning We trust that a reasonable in- 
tegration of this material is feasible 

THEORETICAL BACKGROUND 

A thorough account of the theoretical-his- 
torical background of current research on the 
cognitive structures of children would be no 
less than a history of cognitive psychology 
Clearly, such a venture is well beyond the 
scope of this one chapter We shall not at- 
tempt to describe the various theoretical 
forces that contubuted to make the study 
of cognitive processes the large-scale enter- 
prise that it is today Excellent histoncal 
treatments are available elsewhere (eg, 
Dember, 1964, Mandler and Mandler, 1964) 
Rather, we shall confine our attention to more 
recent theoretical efforts that bear a relation 
to current research on the differential cogni- 
tive structures of children The theorists most 
relevant to “individuality and cognitive per- 
formance” m children are the psychoanalytic 
ego psychologists, and those theorists who 
have been concerned with problems of psy- 
chological differentiation and integration — 
Lewin and Werner, in particular Since 
separate chapters of this book are devoted 
to each of the foregoing theories, the theoret- 
ical discussion offered here will be quite 
brief We shall, m addition, consider a num- 
ber of other, more contemporary positions 
that borrow from the theories ]ust cited but 
go off in essentially new directions, for ex- 
ample, the “conceptual systems” approach of 
Harvey, Hunt, and Schroder and the studies 
in cognitive growth pursued by Bruner and 
his associates, Our treatment will be rather 
narrowly focused on what the various the- 
orists have been able to offer to the study of 
individuality in cognitive performance Since 
a laige portion of the research on cognitive 
controls, styles, and strategies 2 has been con- 
ducted within broad, theoretical frameworks, 
it would seem essential that we discuss these 
frameworks before the relevant empirical 
studies are considered 

Psychoanalytic Influences 

We begin with a bnef comparison of 
psychoanalytic ego psychology (eg, Gill, 

2 Definitions and distinctions among these cogni- 
tive constructs will he considered later m the 
chapter 


1959, Hartmann, 1958, Rapaport, 1957) and 
the orthodox psychoanalytic position (eg, 
Fenichel, 1945, Freud, 1936) According to 
the latter, all cognitive functions rest upon 
a motivational base It is only upon the failure 
of wish-fulfilling behavior (“pleasure princi- 
ple”) m meeting survival needs that the 
organism becomes cognitively attuned to its 
environment (“reality principle”) Even when 
the reality principle is dominant, however, 
the drives constantly press toward overt or 
covert expression Hence cognition remains 
very much m the service of motivational and 
affective processes 

In contrast to the passive role assigned the 
ego in orthodox psychoanalytic theory, the 
ego psychologists have placed great emphasis 
upon the autonomous functions of the ego 
Rapaport (1959), for example, has distin- 
guished between primary ego structures — 
those that constitute the “conflict-fiee sphere” 
of the ego — and secondary ego structures — 
which largely compnse the defense mech- 
anisms elucidated by Anna Freud (1946) 
Contained within this region are the classical 
cognitive functions of perception, memory, 
and thinking These primary ego functions 
may be linked to the secondary defensive 
functions, however. Also, the autonomy and 
independence of the primary functions from 
drive processes are relative rather than abso- 
lute For although the ego has been freed 
from dependence on sexual and aggressive 
instincts, neutralized energy from those in- 
stincts is viewed as the basic motivational 
source for ego function An incisive discussion 
of the theoretical complexities surrounding 
these issues is available in R W White 
(1959) 

The relation between the ego structures 
and drive system has been rendered most 
explicit by Klem (1958) He maintains that 
cognitive structures intervene between drives 
and environmental demands It is because the 
cognitive structures are conceived to have a 
steering and modulating function m respect 
to both drives and situational requirements 
that Klem has given them the designation of 
“cognitive control principles ” These cognitive 
controls are viewed as serving an accommoda- 
tive function m the sense of regulating drive 
expression to accord with the requirements 
of the situation 

In sum, we note that the dominant role of 
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drive m respect to cognition chaiactenstic 
of orthodox psychoanalytic theory has been 
modified substantially m the theoretical posi- 
tion formulated by Klein and other ego- 
oriented analysts Nevertheless, drives and 
cognitive structures m psychoanalytic ego 
psychology continue to be m a close inter- 
active relation with one another Rather un- 
clear, however, is the issue of whether specific 
drives evoke particular kmds of cognitive 
controls Klein (1958) suggests that there 
is no fixed relation between specific drives 
and cognitive structures On the other hand, 
a close link is proposed between the type of 
task confronting the individual and the partic- 
ular cognitive structures engaged by such 
tasks 

What are the distinguishing features of the 
research carried out within the foregoing the- 
oretical framework? Its psychoanalytic roots 
are most evident m two types of study First, 
there is the work intended to demonstrate 
how motivational influences are mediated by 
cognitive structures Illustrative is research 
by Klein (1954), showing how the influence 
of thirst on perceptual processes is mediated 
by the cognitive-control principle of "con- 
stricted-flexible control ” (We shall have 
more to say about this principle m a later 
section) The second type of study (eg, 
Holzman and Gardner, 1959) has probed the 
relations between various cognitive conti ols 
and the classical mechanisms of defense Both 
of these types of research have a distinctive 
psychoanalytic flavor 

We shall not describe this research m detail 
here since none of it has employed children 
as subjects This is not to imply that such 
work has no developmental relevance It 
would be of great theoretical interest to know 
how drive expression is modulated by various 
cognitive structures as the child grows older 
From the perspective of the present chapter, 
differences between children in the interaction 
of drive states and cognitive structures would 
also be of interest It should be further noted 
that studies of children could help to clarify 
questions concerning the direction of causal 
relations between defensive structures and 
cognitive conti ols Thus a repressive mode of 
coping with conflict may be shown to con- 
tribute to the development of a cognitive 
control of leveling (as opposed to sharpening) 
m regard to conflict-free perceptual and re- 


call tasks At the same time, we must recall 
that Rapaport (1957, 1959) considers certain 
cognitive structures as primary , that is, as 
outcomes of genetic, constitutional, and early 
learning factors, occumng prior to the de- 
velopment of the mechanisms of defense But 
Rapaport has also asserted that the secondary 
autonomous ego functions, though drive- 
based and defensive in origin, constitute 
forms of cognitive structures in their own 
nght The empirical specification of these 
primary and secondary cognitive structures 
and their possible relations remains a task for 
the future 

Although the issue of the links between 
cognitive controls, on the one hand, and 
drives and defenses, on the other, is of pro- 
found theoretical importance, its complexity 
has necessarily limited the extent of the re- 
search effort The major portion of the rele- 
vant research (much of it conducted at the 
Menninger Foundation) has been devoted to 
the conceptual and empirical delineation of 
the various cognitive controls and the exam- 
ination of their relationships and patterning 
within individuals The various cognitive con- 
trols are alleged to be organized as superordi- 
nate structures Klein (1958) has described 
them as "cognitive styles ” 5 The distinction 
between "controls" and "styles” has not been 
strictly maintained, however, for one often 
finds the terms used interchangeably in the 
relevant reseaich literature 

As defined by the Menninger group (Gard- 
ner, Holzman, Klein, Linton, and Spence, 
1959), cognitive controls are stabilized ego 
structures that serve to coordinate "a class of 
adaptive intentions and a class of environ- 
mental situations” Their level of generality 
is presumed to be greater than that distin- 
guishing the cognitive functions of percep- 
tion, judgment, recall, etc, considered sep- 
arately, Thus the same cognitive control may 
be manifested m tasks whose adaptive re- 
quirements lie m different cognitive domains 
— perception versus recall, for example One 
cannot take issue with the definition of cogni- 
tive control principles provided by the Men- 
ninger group Unfortunately, the definition 
provides little insight into the basis for m- 

5 This approach parallels Piaget's (1957) dis- 
tinction between operations and combinative 
structures. 
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dividual differences in the functioning of the 
cognitive controls, for the intentions of most 
subjects in regard to specific experimental 
tasks should be more alike than different 
One must assume that all subjects intend to 
perform as best they can, unless there is 
independent evidence to suggest otherwise 
Hence it is difficult to see how a variable of 
“intentions” can be useful m explaining how 
individuals differ m their modes of cognitive 
functioning 

There is, however, a more basic problem 
with respect to the approach of the Mennm- 
ger group With the increased concentration 
on the autonomous primary ego functions, 
the anchorage of cognitive-control lesearch 
in psychoanalytic theory has been consider- 
ably loosened The extensive program of re- 
search by Gardner and his associates into the 
workings of the cognitive controls alone and 
in combination (see Gardner, 1962, for a le- 
view) may owe a substantial debt to psycho- 
analytic ego psychology It is peihaps not 
surprising, however, that an overaichmg the- 
oretical superstructure attains limited value 
when a diverse array of cognitive processes 
are at issue One is soon forced to deal with 
such piocesses at their own level At this 
stage, the psychoanalytically inspired research 
of Gardner and his associates has been forced 
mto the theoretical marketplace The result- 
ing conceptual and methodological contro- 
versies have been played out at a level quite 
far removed from geneial psychoanalytic con- 
cerns This is not intended as a fundamental 
criticism of the work of Gardner and his 
colleagues Gardners group has been con- 
cerned with relations between cognitive con- 
trols and mechanisms of defense, a problem 
admirably suited for study within a psycho- 
analytic framework, however, they have not 
hesitated to lean on other theoretical systems 
to clarify the operation of the various cogni- 
tive control principles 

It is beyond the scope of the present chap- 
ter to review the published research by Gard- 
ner and his colleagues, for it is almost entirely 
based on adult samples A large-scale, empiri- 
cal study of cognitive controls m children has 
been carried out (Gardner and Moriarty, 
1968), but only a highly tentative summary 
account of those findings was available m 
published form (Gardner, 1964) at the time 
this chapter was prepared 


Differentiation and Hierarchic Integration 

These two concepts are fundamental to 
almost all theories of cognitive development 
Cognitive structures in the course of develop- 
ment become more differentiated and hier- 
archically integrated, according to Lewin 
(e g , 1935, 1951), Piaget (e g , 1952, 1954), 
and Werner (e g , 1948, 1957) A similar 
theme can be detected m the work of Harvey, 
Hunt, and Schioder (1961), Birch and Lef- 
( ford (1967), and Bruner, Olver, and Green- 
field (1966) However, since the concepts in 
question are embedded within the particular 
theoretical systems of the authors cited, agree- 
ment among them regarding the meaning of 
differentiation and hierarchic integration may 
be moie apparent than real As we shall show, 
differences m conceptualization have led to 
diveisity m the operational definition of the 
constructs at issue 

The Influence of Kurt Lewm. In the Lew- 
mian formulation, differentiation has two as- 
pects an increasing "complexity of units” and 
a decreasing "mtei dependence of parts ” The 
complexity of units refers to the gi owing va- 
riety of behavior expressed m the domains of 
skills, emotions, needs, knowledge, etc, the 
interdependence of parts is concerned with 
the trend away from dependence and toward 
independence of the various parts of the per- 
son m the way he functions The distinction 
between these two aspects of differentiation 
is exceedingly important Lewm actually pro- 
posed that they be given different labels 
Since increasing variety involved matters of 
similarity and dissimilarity, he suggested that 
the kind of differentiation represented by 
"complexity of units” be designated "special- 
ization” oi "individualization,” while the term 
"differentiation” proper be reserved for de- 
pendence-independence relations between 
parts of the person and between the person 
and the environment Lewin's labeling recom- 
mendations have generally not been followed, 
however, for the term "differentiation” has 
until the present time been used to describe 
both of the processes outlined above* This is 
somewhat unfortunate, of course, for one tends 
to expect that identically labeled constructs 
reflect the same underlying processes From a 
developmental perspective, differentiation can 
naturally be presumed to increase along both 
of the routes under discussion From an in- 
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dividual-differences perspective, on the other 
hand, there is no guarantee that the rate at 
which differentiation pioceeds is the same in 
both cases, or that the same developmental 
endpoint is achieved 

It is a tribute to Lewm that the two major 
traditions of individual-differences research on 
processes of differentiation can be denved 
from the distinction under consideration On 
the one hand, complexity of units with its 
implications for issues of similarity-dissimilar- 
ity can be considered a theoretical ancestor of 
Kelly's (1955) psychology of personal con- 
structs and the derivative work on cognitive 
complexity by Bieri (eg, 1961) These two 
authors have applied Lewiman diffeientiation 
notions (m the complexity-of-umts sense) to 
the issue of similarity and diffeience m the 
perception of people In Bien's system, cogni- 
tive complexity is defined in terms of the 
number of dimensions generated or employed 
by subjects when asked to specify how famil- 
iar otheis (and the self) are similar to and 
different from each other Lewm clearly in- 
tended, however, that differentiation also ap- 
ply to the physical world In that respect, 
complexity of units can be considered one of 
several intellectual ancestors of the burgeon- 
ing research on the cognition of similarities 
and differences between objects and concepts 
m the physical world Much of this research 
has been carried out with children (eg, 
Bruner, Olver, and Greenfield, 1966, Kagan, 
Moss, and Sigel, 1963, Wallach and Kogan, 
1965), and hence falls withm the purview of 
this chapter 

The othei conceptualization of differentia- 
tion proposed by Lewm — extent of depen- 
dence-independence of parts within the person 
and between the person and his environment — 
represents a direct intellectual forbear of the 
extensive program of research conducted by 
Witkin and his associates (eg, Witkin, Dyk, 
Faterson, Goodenough, and Karp, 1962) The 
relevance of this research to the Lewiman 
formulation is highlighted by the initial con- 
ceptualization of the dimension later pre- 
sumed to reflect more versus less differentiated 
functioning- — field independence and field de- 
pendence, respectively (Witkm, Lewis, Hertz- 
man, Machover, Meissner, and Wapner, 
1954) This dimension was first assessed with 
a variety of perceptual tasks m which adap- 
tive, accurate performance depended upon 


the utilization of mternal kinesthetic cues and 
the suppression of conflicting external cues 
In other words, field independents had ap- 
parently succeeded m differentiating them- 
selves from the external physical environment, 
whereas field dependents remained strongly 
susceptible to its disti acting influence Sub- 
sequent research by Witkm and his associates 
offered evidence for the greater internal dif- 
ferentiation of personality and cognitive struc- 
ture m the case of field independents relative 
to field dependents It must be stressed that 
the foregoing description of Witkin s work 
represents the briefest of introductions to 
what is undoubtedly the most massive and 
thorough empirical examination of a particular 
cognitive structuie m the psychological litera- 
ture We shall have much more to say about 
Witkm’s progiam of research m a subsequent 
section of the chapter 

In sum, we have shown how the two forms 
of diffeientiation distinguished by Lewm are 
reflected m two quite divergent contemporary 
research traditions The exploration of the 
number of dimensions employed by subjects 
m discriminating and categorizing their social 
and physical world — the issue of similarities 
and differences — has roots m Lewin’s 'Variety" 
conception of diffeientiation Current research 
on part-whole relations m cognitive function- 
ing — the issue of global-diffuse versus artic- 
ulated-analytic functioning — can be traced to 
Lewiman notions of interdependence of parts 
m the structure of the person and the relation 
of that structure to the external world 

A blurring of the boundaries between a 
"variety" and a "part-whole" conceptualiza- 
tion of differentiation is revealed m the theory 
and lesearch of Bien and his associates (eg, 
Bien, Atkins, Bnar, Leaman, Miller, and Tnp- 
odi, 1966) Working within the general theo- 
retical fiamework of Kelly's (1955) psychol- 
ogy of "personal constructs" and using the 
Kelly Role Construct Repertory Test, Bien 
(1955) deuved an index of cognitive com- 
plexity representing the number of different 
dimensions employed by an individual m con- 
struing similarities and differences between 
familiar people in his social environment. The 
greater the level of cognitive complexity, the 
more multidimensional is the cognitive struc- 
ture involved m the perception of other peo- 
ple In its original form, the index clearly 
reflected the Lewiman "variety" conceptual- 
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ization of differentiation More recently, how- 
ever, Bien (1966), in considering possible 
developmental aspects of cognitive complex- 
ity, demonstrated how that construct divides 
into two sepaiate components To the extent 
that individuals construe their environment on 
the basis of continuous dimensions rather than 
discrete categories (a reasonable assumption 
where other people constitute the stimuli), 
one can distinguish between the number of 
different dimensions used and the extent of 
gradation within each such dimension (the 
number of categories or intervals that are 
discriminated along the dimension) Bien pro- 
poses that the label of "differentiation” be 
reserved for the number of dimensions, while 
giadation within dimensions be called "artic- 
ulation ” One might initially 1 egret the choice 
of "articulation,” for the part-whole form of 
differentiation studied by Witkm and his as- 
sociates is often characterized as "field-artic- 
ulation” (eg, Gardner et al , 1959) Yet one 
must acknowledge that the form of articula- 
tion posed by Bieri represents the fractionation 
of a whole mto parts — that is, the conversion 
of a dichotomy mto a more finely graded 
scale We cannot conclude that the two forms 
of articulation are cut from the same cloth, 
for empirical research directed to that ques- 
tion has not yet been carried out Bien (1966) 
does, however, offer numerous suggestions on 
how developmental considerations can be 
brought to bear upon the components of cog- 
nitive complexity 

There is one further impoitant respect m 
which the Bien group has extended the Lew- 
mian "variety” conception of differentiation 
For Lewm, increasing variety m the course of 
development implied a more highly diffeien- 
tiated cognitive structure and set of behaviors 
Bien et al (1966) have shown that the eco- 
logical charactenstics of the social environ- 
ment can also be descnbed m terms of extent 
of differentiation The dimensionality of stim- 
uli and tasks can vary radically Within such 
an interactional framework, one can no longer 
speak in unqualified terms of the greater ad- 
vantage accruing to a more as opposed to a 
less differentiated cognitive structure Rather, 
the problem becomes one of studying the 
effects on performance of varying degrees of 
discrepancy in the dimensionality of the cog- 
nitive structure and the stimulus task As 
Bien (1966) has noted, there has been essen- 


tially no research of this kind within a devel- 
opmental framework Indeed, such investiga- 
tions are quite infrequent even m the case of 
adults The few relevant studies are discussed 
m the Bien et al (1966) volume 

Let us turn now to the matter of hierarchic 
integration Lewm recognized that increasing 
differentiation implied deci easing "unity” of 
the person Hence it made good theoretical 
sense to invoke a construct of hiei archie in- 
tegration to put the person back together 
again, figuratively speaking Lewm pioposed 
that hierarchic mtegiation showed a discrete, 
steplike mcrease with development By im- 
posing such integration upon the continually 
decreasing "unity” produced by diffeientia- 
tion, Lewm was able to show that the organiza- 
tional unity of the peison was essentially 
cyclical over the course of development In 
other words, the extent of unity at a later time 
period might be greater or smaller than at an 
earlier period, for hierarchic integration is 
presumed to lag behind differentiation during 
the course of development 
While hierarchic integration is an evident 
logical counterpart of a "variety” or “pait- 
whole” view of diffeientiation, it has been 
difficult to arrive at a conceptual formulation 
that lends itself to research on the problem m 
the cognitive domain Kelly (1955), for ex- 
ample, distinguished superoidmate from sub- 
ordinate constructs m his theory, the super- 
ordmate presumably having an organizational 
and controlling function over the subordinate 
But he did not solve the problem of devising 
independent measures of such highei and 
lower level constructs Recent sophisticated 
attempts to derive independent measures of 
differentiation and organization are offeied by 
Wyer (1964) andZajonc ( 1960) , Their efforts 
were only partially successful, and their pro- 
cedures have not as yet been adapted for use 
with children 

As we noted earlier, Bien s construct of 
cognitive complexity fits the Lewiman defini- 
tion of differentiation rather than hierarchic 
integration Further, cognitive-complexity re- 
search has been tied to the Kelly (1955) REP 
Test, an instrument too cumbersome for use 
with children Clearly, that test will have to 
be modified or other techniques devised, if 
the important tradition of research on cogni- 
tive complexity is to be given developmental 
significance Bieri (1966), taking cognizance 
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of these difficulties, has proposed that devel- 
opmental studies be directed towaid the per- 
ceptual-cognitive processes subsumed by cog- 
nitive complexity rather than toward the latter 
construct itself A fust and only attempt to 
examine cognitive complexity from this point 
of view is represented by the work of Signell 
(1966) 

Three forms of complexity are distinguished 
m Signell's work Two of the three are 1 elated 
to Bieri's distinction between the variety of 
dimensions employed by a subject and the 
extent of articulation along a specific dimen- 
sion Signell descubes the extent of articula- 
tion as “complexity of single concepts” and 
the variety of dimensions as “complexity of 
cognitive stmctuie ” The moie complex single 
concept is alleged to disci immate among ob- 
jects more efficiently A dichotomous concept 
(eg, nice veisus not nice) has little com- 
plexity since objects (eg, people, nations) 
can be classified only in one of two categones 
Where a concept has several giadations, 
greatei complexity is associated with moie 
equal distributions of objects across the set 
of categories In Signell's words, “The more 
complex concept has maximal powei to dif- 
ferentiate objects” (p 519) 

Complexity of cognitive structure is derived 
from the Lewiman “variety” conception of 
differentiation Here we are dealing with the 
number of lelatively independent concepts or 
dimensions available to the individual foi dif- 
ferentiating among objects Signell also intro- 
duces the notion of an individuals differen- 
tiation among the objects m his environment, 
for the number of independent objects con- 
strued is only partially dependent upon the 
number of concepts available 

The third type of complexity distinguished 
by Signell is called “complexity of content” 
Whereas the two types of complexity previ- 
ously described are determined on the basis 
of the internal relation between the elements 
of an individual's cognitive structure, com- 
plexity of content relies on external judgments 
of the diversity of concepts generated by the 
child Signell employs the example of the child 
whose nation concepts are exclusively geo- 
graphical, m contrast to the child who uses 
geographical, economic, and political con- 
cepts 

Thirty-six children ranging in age from 9 to 
16 participated m the study The objects of 


judgment consisted of persons and nations, 
with half of the children assigned to the former 
and the remaining half to the latter Intelli- 
gence, sex, and socioeconomic status were 
comparable across age groups and object con- 
tent To insure that the various procedures 
would be appropriate for children, only objects 
and concepts provided by the child were em- 
ployed These were elicited from the child 
through direct questioning and thiough the 
use of the triads method Instructions for this 
method require the child to specify which two 
of thiee stimuli are most similar for what rea- 
son and m what respect the 1 thud stimulus is 
different Striking differences m the magnitude 
of the correlations across the two domains 
were obseived Foi “complexity of single con- 
cepts,” conelations with age were highly sig- 
nificant m the “pei son” domain, but negligible 
m the “nation” domain The reveised pattern 
was found m regard to “complexity of cog- 
nitive structure ” For “complexity of content,” 
the correlations were again considerably higher 
m the “nation” domain Thus it appears that 
with increasing age (in the 9 to 16 range) 
childien develop progressively greater cogni- 
tive complexity in regard to significant people 
m then lives by finer differentiation of con- 
cepts aheady m their repertone, rather than 
by acquiring a moie complex array of con- 
cepts Wheie nations are concerned, on the 
othei hand, cognitive complexity shows a de- 
velopmental increase through the acquisition 
of an array of new concepts foi differentiating 
nations, rather than through the lefined artic- 
ulation of already existing concepts 

Signell accounts for the observed domain 
differences m terms of the contrast between 
“experiential” and “didactic” learning Experi- 
ential learning is piesumed to be characteris- 
tic of the way children learn about the people 
m their world, didactic learning is alleged to 
describe the more abstract, formal learning 
about nations — objects quite remote from the 
child's personal experience 4 According to Sig- 
nell, it is m the child's interests to build work- 
able, efficient concepts with respect to others, 
for these enable him to cope better with these 
others No such need is presumed to underlie 
the child's learning about nations, with the 

4 It is probably safe to presume that Signell's 
distinction would not hold for children who have 
traveled extensively m foreign countries, 
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consequence that the child assimilates new, 
undifferentiated concepts offered to him by 
adults, rather than progressively refining the 
concepts already in his repertoire 

It is apparent from SignelFs work that there 
are diverse forms of differentiation that can 
be studied within a ‘Variety” framework Dif- 
ferentiation m children of the “variety” form 
appears to be very much influenced by object 
content W A Scott (1963) and Crockett 
(1965), m reviewing the evidence for adults, 
also concluded that cognitive structures vary 
with event domains The issue remains highly 
controversial, however, for evidence m favor 
of generality of cognitive styles across object 
domains also exists (eg, Allard and Carlson, 
1963, Glixman, 1965) 

Conceptual Differentiation and the Issue of 
Breadth of Categorization Another descend- 
ant of a 'Variety” conception of differentiation 
is the tiaditton of research concerned with 
size of groupings m object-soi tmg perform- 
ance In his early work with adults, Gardner 
(1953) observed that subjects varied in the 
number of groups generated under instruc- 
tions to sort common objects Some individ- 
uals formed a large number of piles with 
relatively few objects m each pile, others pre- 
ferred a small number of piles with a rather 
laige number of objects m each pile Initially 
characterized as the cognitive control of 
“equivalence range,” the variable under study 
has more recently been designated as “con- 
ceptual differentiation” (Gardner and Schoen, 
1962) The person with a high level of con- 
ceptual differentiation prefers to differentiate 
an array of objects into a larger number of 
categories, the person low m conceptual dif- 
ferentiation prefers a smaller number of cat- 
egories, 

There is a certain temptation to equate a 
high level of conceptual differentiation with 
high cognitive complexity, on the assumption 
that both imply the availability of a larger 
number of dimensions m one’s conceptual rep- 
ertoire The resemblance is more apparent 
than real, however Vannoy (1965) found no 
relation whatever between conceptual differ- 
entiation and cognitive complexity in college 
students Of greater importance in the present 
context, however, is the meaning of concep- 
tual differentiation from a developmental point 
of view Olver and Hornsby (in Bruner et al , 
1966) have observed a strong disposition m 


their youngest subjects (6-year-olds) to form 
pairs m an object-sorting task About 61% of 
their groupings were of the pair form, in con- 
trast to 36% for 8-year-olds and 25% for 11- 
year-olds The basis for the pairwise grouping 
in the youngest children has been clarified by 
Vurpillot and Zoberman (1965) They have 
shown how the young child is willing to set- 
tle for a judgment of similarity when a smgle 
element of two stimuli are m correspondence 
In the context of object sorting, the 6-year- 
old will apparently gioup a “house” and a 
“bam” because they are colored red and then 
ignore other objects of the same color The re- 
maining red objects will then be grouped pair- 
wise on some other basis It is quite evident, 
then, that young children will manifest a high 
level of conceptual differentiation according to 
Gardner s criteria 

A measure of conceptual differentiation will 
probably have different psychological mean- 
ings for childien of different ages Of course, 
Gardner and his associates were not overly 
concerned with developmental issues m their 
early work One study involving children has 
been published, however (Mercado, Diaz 
Guerrero, and Gardner, 1963) Third- and 
fourth-graders of middle-class status m Gua- 
dalajara, Mexico, and Topeka, Kansas, were 
compared with respect to object-sorting per- 
formance The American childien manifested 
a higher level of conceptual differentiation 
than did the Mexican children This differ- 
ence was due largely to die greater willing- 
ness of the American children to leave certain 
objects as “singles” rather than group them 
with other objects In the Gardner scoring 
scheme, such singles were treated as separate 
groups It is difficult to justify this procedure 
in the light of the Messick and Kogan (1963) 
evidence that the number of groups formed 
with two or moie objects is independent of 
the number of singles On the basis of these 
methodological problems, it would certainly 
be premature to conclude that American chil- 
dren are more conceptually differentiated than 
their Mexican counterparts, The empirical 
datum of fewer singles in the Mexican sample 
may m fact reflect a more literal compliance 
to the experimental instructions, which, after 
all, did request that items be grouped to- 
gether 

In the research of Gardner and his associ- 
ates, a relationship has been postulated and 



INDIVIDUAL VARIATION IN COGNITIVE PROCESSES 1283 


empirically confirmed in adults (Gardner and 
Schoen, 1962) between conceptual differen- 
tiation and breadth of categorization A per- 
son who employs few groupings in an object- 
sorting task is presumed to have broad 
category boundaries, a person who uses many 
groupings is alleged to have narrow category 
boundaries It is assumed that the subject in 
an object-sorting task is in some way con- 
cerned with the sheer number of instances to 
accommodate within a category This may 
be so, but it is probably more reasonable to 
assume that the qualitative character of the 
categories used by those high and low in con- 
ceptual differentiation determines the number 
of items subsumed by them Gardner and 
Schoen (1962) have, in fact, demonstrated 
that the person who forms fewer groupings 
tends to use more “abstract” categories, when 
abstraction is defined by an index derived 
from Rapaport, Gill, and Schafer (1945) 

Quite clearly, an object-sorting measure is 
a very indirect way of assessing breadth of 
categorization It can be measured much more 
directly when a specific category is provided 
and the subject is required to establish the 
category boundaries or “band width ” Such a 
procedure has, in fact, been employed m sev- 
eral studies, some conducted with children as 
subjects In the research of Wallach and Caron 
(1959), for example, sixth-grade children par- 
ticipated m a concept-attainment exercise m 
which they learned that certain geometric 
figures, distinguished by a particular size of 
angle, constituted a class called “poggles” 
This exercise was followed by a task in which 
a series of geometric figures, identical except 
for variation m acuteness of angle, were of- 
fered for judgment as “poggles” or “nonpog- 
gles ” Children displayed considerable varia- 
tion in their “band width” for "poggles,” some 
admitting many exemplars into the cntenal 
class, others admitting few This breadth-of- 
categonzation measure yielded significant sex 
differences, with boys manifesting a broader 
“poggle” class 

Comparable sex differences have been ob- 
served on the Pettigrew (1958) Category 
Width Test, for which a children s form is 
available (see Wallach and Kogan, 1965) 
The Pettigrew instrument consists of a senes 
of items, each of which provides the central- 
tendency value for a category and a set of 
multiple-choice alternatives The subject's 


task is to choose the most deviant member of 
the category at each extreme A broad cat- 
egorizer would locate the outer boundaries of 
the category further away from the central- 
tendency value than would a narrow catego- 
nzer It should be noted that the % and- width” 
scores derived from the “poggles” and Petti- 
grew procedures were significantly correlated 
(rs in the 30s) in the sample of children em- 
ployed m the Wallach and Caron study 
Still another procedure for assessing cat- 
egory breadth in children is exemplified by 
the dot-numerosity and line-length judgments 
employed in the Bruner and Tajfel (1961) 
work Stimuli containmg a specified number of 
dots and lines of a particular length were made 
cntenal (le, “target" patterns) Subjects 
were required to judge a senes of dot and Ime 
patterns on the basis of their membership or 
lack of membership m the “target” class Con- 
siderable vanation among children was ob- 
served m the number of patterns judged to 
fit the cntenon A high rate of pattern ac- 
ceptance was presumed to reflect a preference 
for broad categorizing, a high rate of pattern 
rejection was considered indicative of a pref- 
erence for narrow categonzmg 6 

The construct of category breadth lends it- 
self very neatly to interpretation in strategic, 
as opposed to strictly stylistic terms One can 
conceptualize broad “band width” as a pref- 
erence for errors of inclusion over errors of 
exclusion The reversed preference would 
characterize the child showing a narrow “band 
width” The child designated as favoring 
broad categorization has chosen to mclude 
doubtful or extreme exemplars m a category 
at the risk of including those that do not 

5 Most of the procedures used m assessing cate- 
gory breadth require the subject to make a judg- 
ment m a situation of response uncertainty 
Therefore subjects who adopt an impulsive 
strategy (decide quickly) are likely to form 
judgments that will be classified as evidence for 
broad categorization ( See discussion of im- 
pulsivity later in chapter ) In addition, Gardner 
and Schoen (1962) have reinterpreted the 
Bruner-Tajfel results m terms of an acquiescent 
response style possibly moderated by the latter's 
relation to IQ In response to the Gardnex-Schoen 
cntidsm, Bruner and Tajfel (1965a) offered a 
counterargument, which in turn evoked a re- 
joinder from Gardner and Schoen (1965) and a 
further rejoinder from Bruner and Tajfel 
(1965b). 
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really belong The child distinguished by nar- 
row categorizing, in contrast, has chosen to re- 
ject doubtful or extreme exemplars at the 
risk of excluding those that really belong The 
broad categonzer prefers errors of commission, 
the narrow categonzer prefers errors of omis- 
sion Rejection of an exemplar is generally an 
assignment to limbo in a “band-width” task 
where no contrast category is available In an 
object-sorting task, on the other hand, rejec- 
tion of an exemplar for one category or group- 
ing will often imply candidacy for an alterna- 
tive category or grouping 

On the basis of the sex diffeience obtained 
m category breadth — boys favoring broader 
categories — Wallach and Caron (1959) sug- 
gested that broad versus narrow categones 
might be indicative of cognitive risk taking 
versus conservatism Subsequent research 
(Kogan and Wallach, 1964) into relations be- 
tween cognitive and more explicit risk mea- 
sures failed to confirm the Wallach-Caron 
proposal 

In their study of the intelligence-creativity 
distmction m children, Wallach and Kogan 
(1965) examined both of these dimensions 
m relation to category breadth, assessed by a 
children's version of Pettigrew s test In both 
boys and girls, “band width” was unrelated 
to intelligence and positively associated with 
creativity To the extent that creativity in- 
volves a capacity to emit original and unique 
responses, and since broad ‘hand width” im- 
plies a tolerance for deviant instances, the 
relationship observed is theoretically consis- 
tent and supportive of the psychological mean- 
ing offered earlier for the construct of category 
breadth It should be further noted that con- 
ceptual differentiation assessed by object sort- 
ing and category breadth assessed by the 
Pettigrew instrument were uncorrelated in 
the sample of fifth-grade boys and girls stud- 
ied by Wallach and Kogan (1965) Concep- 
tual differentiation was also unrelated to those 
authors' creativity indices In sum, the kind 
of category breadth tapped by fineness or 
coarseness of grouping on an object-sorting 
task has a quite different meaning from the 
setting of category boundaries where the cat- 
egory at issue is explicitly provided 

The Influence of Heinz Werner Let us 
turn now from the Lewmian conceptualiza- 
tion and the research it inspired to consider 
the contribution of Heinz Werner There are 


many similarities between these two majoi 
figures Thus Werner s work is based firmly on 
what he described as developmental psychol- 
ogy's one regulative, orthogenetic principle 
“wherever development occurs it proceeds 
from a state of relative globality and lack of 
differentiation to a state of increasing differ- 
entiation, articulation, and hierarchic integra- 
tion” (1957, p 126) 6 Further reading of 
Werner indicates that it is m the part-whole 
and the subject-object interdependencies 
rather than m the sheer variety aspect that 
the resemblance with Lewm's formulation be- 
comes manifest Hence it is probably more 
than accidental that Witkm acknowledges his 
debt to both Werner and Lewm, whereas 
Bieri does not cite Werner m his published 
work 

Although there is much that is similai in 
Lewm and Werner, there is also much that is 
different From the perspective of a “differ- 
entiation” construct, Werner is more explicitly 
committed to a developmental “stage” con- 
ception than is Lewm The various stages are 
distinguished not only on the basis of part- 
whole and subject-object differentiation, but 
also m terms of the particular operations en- 
gaged at each stage Thus development is 
presumed to span three levels of functioning — 
sensorimotor, perceptual, and conceptual — 
each successive level reflecting a higher de- 
gree of part-whole articulation and subject- 
object differentiation At the sensorimotor 
level, differentiation between the person and 
the environment is least advanced, for cogni- 
tive functioning consists of direct, motonc 
commerce with the world of objects The 
perceptual level is more differentiated, for the 
person is not m direct contact with objects 
but viewing them from afar, so to speak Dif- 
ferentiation between subject and object is, of 
course, most advanced at the conceptual level, 
where the subject is capable of internal ma- 
nipulation of symbols and abstract representa- 
tions of the environment 
As Werner has noted, the “orthogenetic 
law, by its very nature, is an expression of 
unihnearity of development,” (1957, p 137) 

6 It should be noted that, m essence, the pnnciple 
is irrefutable If, as sometimes happens, older 
children exhibit lesser differentiation than do 
younger children, this can be attributed to a 
hierarchic organizing pnnciple present m older 
and lacking m younger children. 
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In other words, the developmental sequence 
from lesser to greater differentiation and hier- 
archic integration, and from sensorimotor to 
perceptual to conceptual functioning, is pre- 
sumed universal Despite his strict adherence 
to a umlmearity conception, however, Werner 
at the same time recognizes that there can be 
a multiplicity of individual developmental 
forms It is necessary, for example, to recon- 
cile a conception of physiognomic perception 
(e g , the fusion of perception and feeling, as 
m a "gloomy landscape”) as developmentally 
primitive and undiffeientiated with the capac- 
ity foi esthetic appreciation and artistic pro- 
ductivity m the mature adult Evidently, 
operations that were initially "genetically pri- 
mordial” can develop m parallel with initially 
more advanced operations Werner lecogmzes 
that physiognomic perception can grow, "m 
certain individuals such as artists, to a level 
not below but on a par with that of ‘geomet- 
nc-technicar peiception and logical discouise” 
(1957, p 138) 

A multilinear view of development implies 
that the child cannot be so easily assigned to 
the same developmental stage m regard to all 
aspects of cognitive functioning Rather, de- 
pending upon the operations demanded by 
the task, one may find that the child opeiates 
at various developmental levels Werner m fact 
proposes that differentiation can assume a 
"vertical” foim, that is, individuals can vary 
m the number of developmentally different 
operations at their disposal Associated with 
this idea of developmental heterogeneity is 
the degree of flexibility shown by the person 
m shifting levels m accordance with task re- 
quirements It is noteworthy that, foi Werner, 
shifts to lower developmental levels can be 
quite adaptive, if not m fact essential, for 
creative thinking The more creative person, 
m Werners estimation, is the one who can 
function at various developmental levels — in 
other words, is capable of progressing and re- 
gressing between more developmentally primi- 
tive and advanced operations There is an ob- 
vious resemblance between the foregoing view 
of creativity and the psychoanalytic construct 
of "regression in the service of the ego” (Kris, 
1953, Schafer, 1958) A more extended dis- 
cussion of these matters is available in the 
chapter by Wallach in this book 

Werner s theory of multilinear development, 
though having strong intuitive appeal, has not 


really generated much work of an empirical 
character Most developmental and personal- 
ity researchers are simply not accustomed to 
looking at a subject on the basis of his devel- 
opmental heterogeneity, or the capacity to 
switch from one level of cognitive functioning 
to another There is a strong indication m 
Werner s conceptualization of a preference for 
an mtramdividual rather than an mtermdivid- 
ual analysis of cognitive functioning Such 
notions as developmental homogeneity or het- 
erogeneity and the capacity to switch from 
one developmental level to another do not 
suggest the kinds of vanables that are em- 
ployed in individual-differences reseaich of 
the normative type Rather, Werners ideas 
point to the study of cognitive organization 
within persons and hence suggest the need for 
ipsative analyses, which have not been partic- 
ularly populai m the cognitive domain D M 
Broverman — the psychologist most committed 
to an ipsative analysis of cognitive phenom- 
ena — has shown little interest in Werner’s de- 
velopmental ideas In ironic contrast, Witkm 
has acknowledged the strong influence of 
Werner, but has adhered to standard mtenn- 
dividual analyses of Werner s concepts It is 
no surprise, then, that Witkm and his associ- 
ates have shed little light on Werners con- 
ception of multilinear development 

As m the case of Lewins conceptualization, 
hierarchic integration is an essential compo- 
nent of Werner’s theory As the individual 
progresses through the sensorimotor, percep- 
tual, and conceptual phases of development, 
each earlier phase is presumed to become re- 
organized m a way that permits it to become 
hierarchically integrated within the subse- 
quent, higher phase No one can quarrel with 
the preceding formulation, for, quite obvi- 
ously, the adult functions at all three develop- 
mental levels The pioblem is, again, one of 
how to conceptualize hierarchic integration in 
operational terms There is nothing m the 
Werner multilinear theory of development to 
help one in this regard 

It may prove useful to examine the manner 
m which Witkm copes with the problem We 
should note first that Witkm distinguishes two 
aspects of integration — complexity and ef- 
fectiveness Complexity is considered to be a 
function of differentiation level, according to 
Witkm et al (1962), for "more complex re- 
lationships among system components, and 
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between the system and its environment, are 
possible in a system with many varied com- 
ponents than m a system whose components 
are few and relatively unspecialized Psycho- 
logical development toward greater differen- 
tiation must be accompanied by successively 
more complex reintegrations of the system” 
(p 11) Since complexity of integration is 
contingent upon extent of differentiation, Wit- 
km evidently did not feel it necessary to be 
further concerned with that aspect of integra- 
tion At least, no attempt is made to opera- 
tionalize complexity of integration m the 
Psychological Differentiation volume, even 
though Witkin and his associates admit that 
the preceding construct is only partially de- 
termined by level of differentiation 7 This 
implies that two children whose extent of 
differentiation is highly comparable can nev- 
ertheless vary considerably in complexity of 
integration Though Witkin. et al (1962) do 
not use the term 'hierarchic integration,” their 
definition of "complexity of integration” is 
essentially identical to both Lewin's and Wer- 
ner s definitions of "hierarchic mtegration ” If 
Witkin had been able to operationalize the 
"complexity of mtegration” variable, he pre- 
sumably would have done so 
Another aspect of mtegration — its effective- 
ness — offers a direct link with adjustment and 
pathology These can be assessed without 
great difficulty, and Witkin (1965) has in 
fact earned out such assessments He believes 
that effectiveness of integration is essentially 
independent of level of differentiation Both 
highly differentiated individuals and those 
with limited differentiation are presumably 
capable of either adequate adjustment or 
pathological breakdown, However, the qual- 
ity and nature of the adjustment or the 
pathology vanes with the level of differentia- 
tion As one might well expect, impairment 
m highly differentiated persons takes the 
form of gross separation of parts and/or 
complete detachment from the environment, 
whereas impaired individuals with low levels 
of differentiation manifest the dissolution of 
already weak boundanes between subsystems 
and between the self and the outside world 

7 As we shall note later, there is considerable 
controversy over the question of whether Witkin 
is assessing differentiation m the Werner sense. 
This issue is side-stepped here for the sake of the 
theoretical argument 


Discussing disturbances in “normal” children, 
Witkin et al (1962, pp 212-213) have 
maintained that global (less differentiated) 
children manifest "impulse control problems, 
a poorly developed sense of responsibility, 
and lack of resources and initiative,” whereas 
analytic (more differentiated) children exhibit 
problems of "too rigid controls, too great emo- 
tional distance, too great an investment in 
mtellectuahzation and intellectual life, some- 
times with corresponding circumscription of 
interpersonal relations” While Witkm's ef- 
forts along the lines indicated deserve much 
praise, it is doubtful whether Lewin and 
Werner conceived of hierarchic integration 
exclusively m terms of adjustment and pathol- 
ogy To view integration in such terms im- 
plies, to a considerable extent, a break with 
the universe of developmental discourse Con- 
ceivably, pathology may be a consequence 
of faulty hierarchic integration Ideally, how- 
ever, we should like to assess differentiation 
and hierarchic integiation within a common 
systematic framework 

Conceptual Systems. Considei next the 
developmental theory of "conceptual systems” 
proposed by Harvey et al (1961) These 
authors are fully committed to the proposition 
that development proceeds from minimal to 
maximal differentiation and subsequently to 
hierarchic integration The consequence of 
this developmental process is presumed to be 
variation m individuals' “conceptual systems” 
along a dimension of "abstractness-concrete- 
ness ” A conceptual system is broadly defined 
by Harvey et al (1961) as "a schema that 
provides the basis by which the individual 
relates to the environmental events he experi- 
ences” (pp 244-245) Four levels of abstract- 
ness-concreteness are distinguished, ranging 
from minimal differentiation at one extreme 
to maximal differentiation and hiei archie in- 
tegration at the other Harvey et al (1961) 
have also used the term “integrative com- 
plexity” to lefer to the abstract extreme. 

What kind of differentiation do the creators 
of conceptual systems theory have m mind' 1 
The relevant writings (Harvey, 1963, 1966, 
Harvey, Hunt, and Schroder, 1961, Schroder, 
Driver, and Streufert, 1967) suggest that it is 
a "variety” conception m the Lewmian sense 
In Harvey's (1966) words, "there seems little 
doubt that exposure to diversity is probably 
the most central prerequisite to differentiation 
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and integration, and hence of greater abstract- 
ness” (p 63) One would presume that such 
exposure would enhance the variety of di- 
mensions available to the person for constru- 
ing his environment Theie are many similari- 
ties here with the Bien conceptualization 
discussed earlier However, it will be recalled 
that Bieri is concerned exclusively with the 
cognition of other people, whereas the 
Harvey-Hunt-Schroder conceptualization ap- 
parently refers to cognition m general An- 
other difference is the treatment of hierarchic 
mtegiation Bieri's cognitive complexity con- 
struct is basically a differentiation index For 
the Harvey-Hunt-Schroder team, hierarchic 
integration is critical to the abstractness-con- 
creteness dimension, as reflected m the fre- 
quent use of the term integrative complexity 
in delineating the positive extreme of abstract 
functioning 

Despite these differences, however, the 
overall conceptualizations and reseaich strate- 
gies have much m common The most critical 
similarity is in the emphasis upon the match 
between cognitive structure and the structure 
of the environment We have already men- 
tioned Bieri’s efforts to derive objective mea- 
sures of environmental dimensionality The 
research of the “conceptual systems group” m 
this regard has had the same basic aim but 
has been less rigorous m execution It must 
be stressed, however, that the Harvey-Hunt- 
Schroder group has placed great stress upon 
the person's capacity to cope with changing 
environments The recent book by Schroder, 
Driver, and Streufert (1967) is concerned 
with comparisons between abstract and con- 
crete subjects m their responses to variations 
m the informational complexity of the en- 
vironment 

Does conceptual systems theory adhere to 
a unilinear or multilinear view of develop- 
ment? There appears to be Some ambiguity 
with respect to this point On the one hand, a 
conceptual system is described as a highly 
generalized cognitive structure affecting all 
areas of transactions with the environment 
Hunt (1966) has recently emphasized that a 
conceptual system has both structural and 
motivational aspects At the same time, Har- 
vey et al (1961) have indicated that a 
“person need not reach the same level of ab- 
stractness of subject-object ties in all areas 
of development Individuals vary considerably 


m terms of the generality of their stage of 
functioning” (p 111) The foregoing state- 
ment has much m common with the multilin- 
ear developmental conception favored by 
Werner (1957) 

Thus far, we have said little about the 
specifically developmental aspects of concep- 
tual systems theory The fundamental de- 
velopmental postulate m the theory is that 
the level of differentiation and integration 
attained is a function of the growing child’s 
interactions with the principal training agents 
m his environment In other words, the level 
of an adult s abstractness-concreteness essen- 
tially depends upon the way he was treated 
by parents, parent surrogates, and teachers 
Thus “system I functioning” (the concrete 
extreme) implies a pattern of training in 
which the child's efforts at environmental 
exploration were hindered and deviation 
from the absolutistic standards of the training 
agent were not tolerated In the case of 
“system II functioning,” the child is pre- 
sumably confronted with “laissez-faire” train- 
ing practices with the consequence that he 
experiences more diversity than is optimal 
Such persons are described as manifesting 
rebelliousness against the normative standards 
of the training agent without any correspond- 
ing development of internalized, personally 
derived standards “System III functioning” 
is characterized by a child training pattern 
of overprotection and overindulgence. Ex- 
ploration of both the physical and social 
environment is restricted, so the child presum- 
ably learns to manipulate people through 
dependency in order to gam his ends Finally, 
for “system IV functioning” (the abstract 
extreme), the training pattern is presumed 
to be optimal in the sense that the child's 
exploration is not inhibited and he is free 
to evolve standards based on his own experi- 
ence and thought 

Consider now the measurement of concep- 
tual systems The standard instrument has 
consisted of a senes of sentence completion 
stems incorporating a variety of personal and 
social content In Harvey’s (1966) version 
of the instrument, the sentences assume the 
form “This I believe about . , followed 

by such referents as “friendship, the Amencan 
way of life, guilt, marriage, myself, religion, 
sm, majority opinion, people, and compro- 
mise ” Another version, along with a sconng 
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manual, is presented m Schroder et al 
(1967) 

In the Harvey version, the classification of 
an individual on the abstractness-concreteness 
dimension depends on the following criteria 
“absolutism of his expressed beliefs, consider- 
ation of contingencies or modifying circum- 
stances, dependency on external authorities, 
especially God and/or rehgion, frequency of 
trite and normative statements, degree of 
ethnocentnsm, acceptance of socially ap- 
proved modes of behavior, concern with in- 
terpersonal relationships, and the apparent 
simplicity-complexity of the interpretations 
of the world” (p 47) Evidently, the sentence 
completion responses are scored for both 
structuie and content, which is consistent 
with the view that conceptual systems are 
both cognitive and motivational 

High levels of interjudge reliability are re- 
ported m the assignment of sentence com- 
pletion responses along the abstract-concrete 
dimension The fundamental question, how- 
ever, is the extent to which the melange of 
verbal material geneiated by a sentence-com- 
pletion device is relevant to differentiation 
and hieraichic mtegiation as those terms have 
been employed m this chapter Both differ- 
entiation and hierarchic integration are struc- 
tural m nature, and one somehow expects to 
see them assessed with tasks that capture 
the essence of such structures Perhaps we 
are simply talking about “face validity ” The 
sentence completion devices favored by the 
conceptual systems theorists, unfortunately, 
use scoring criteria which obscure the mani- 
festation of strictly structural properties under 
a layer of diverse personal and social content 
If conceptual systems theory is relevant to 
matters of differentiation and integration, the 
favored measuring instrument seems to be 
tapping those particular processes m a rather 
subtle and indirect way Some of the instru- 
ments employed for ‘‘construct validation” 
puiposes by the conceptual systems theorists 
would, m fact, impress many observers as 
supplying more direct indices of differentia- 
tion and integration than do the various sen- 
tence completion devices themselves Of 
particular interest is the use of person per- 
ception procedures (Asch, 1952, Gollm, 
1958) to tap the integration component of a 
conceptual system Those procedures require 
that subjects produce brief characterizations 


of two manifestly different stimulus persons, 
A and B The subjects are then informed that 
A and B are, in reality, the same person The 
task now is to integrate the prior, discrepant 
impressions to form a unified portrayal Such 
person-perception techniques appear promis- 
ing as measures of hierarchic integration tied 
to a “variety” type of diffeientiation Unfortu- 
nately, die procedures described do not assess 
differentiation as such, and hence do not 
really demonstiate how hierarchic integration 
operates on previously differentiated material 

There are other shortcomings to conceptual 
systems theory, some acknowledged by the 
Harvey, Hunt, and Schroder group Of pri- 
mary importance, fiom the perspective of the 
present chapter, is the question of whether 
we are dealing with a theory of adult per- 
sonality couched in developmental language 
or with a genuine developmental theory If 
the latter applies, one would expect much 
of the research effort to concentiate on es- 
tablishing empirical links between child train- 
ing experiences (even if measured only by 
recollections of adults) and current concep- 
tual functioning To the extent that such 
connections are not demonstrated, the entne 
theoretical superstructure has a highly tenta- 
tive quality, at least from a developmental 
perspective Harvey (1966) has acknowl- 
edged that “attempts at delineating the de- 
velopmental determinants of the different 
conceptual systems, although not extensive, 
have been mainly unsuccessful” (p 62) A 
compaiable statement may be found in Hunt 
(1966) “Although considerable construct 
validity is available on the contemporaneous 
effect of Conceptual Systems , there is 
as yet only sparse evidence dnectly suppor- 
tive of the developmental model (pp 

291-292) 

A study by Cross (1966) contains one of 
the few attempts to provide an empirical test 
of the developmental postulates of the con- 
ceptual systems theory. Working with a sam- 
ple of 377 boys from the eighth to twelfth 
grades, Cross selected those who scored at 
the extremes on a sentence-completion mea- 
sure of conceptual level The parents of the 
33 boys scoring at each extreme were con- 
tacted, and an interview was requested The 
final sample consisted of 54 families 27 
parents of high conceptual-level boys and 27 
parents of low conceptual-level boys Mothers 
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and fathers were interviewed separately 
Seven basic questions were directed to the 
parents These concerned matters of disci- 
pline, standards, differences of opinion, re- 
action to criticism from the child, and desired 
learnmg experiences for the child The ques- 
tions were intended to assess the "umlateral- 
lty-mterdependence” of the parent-child rela- 
tion A five-point scale was employed, with 
a "one” assigned to the case of complete 
parental control (high umlaterahty) and a 
"five” assigned where the "parent influences 
only through dissemination of factual infor- 
mation” (high interdependence) In addition 
to the interview, a shortened form of the 
PARI (Schaefer and Bell, 1958) was ad- 
ministered to the parents to provide a mea- 
sure of parental authoritarianism and warmth 
Both mothers and fathers of high concep- 
tual-level boys were more "interdependent” 
(less "unilateral”) than were the pai ents of 
the low conceptual-level boys With respect 
to the authoritarianism dimension from the 
PARI, nonauthontanan parents (particularly 
mothers) were linked to boys of high con- 
ceptual level Such boys also had fathers who 
were more "intrinsically accepting” relative to 
the fathers of boys of low conceptual level 
The results are supportive of the develop- 
mental postulates of the Harvey et al (1961) 
theory Parents who grant greater autonomy 
to the child, tolerate his point of view, and 
encourage diversity apparently produce sons 
who yield high conceptual-level scores on 
the instruments devised by the Harvey, Hunt, 
and Schroder group There is one serious 
difficulty with the Cross study, however In 
the course of interviewing the parents, the 
interviewer can probably infer the conceptual 
level of the son, which could well bias the 
rating assigned to the parents Since a global 
judgment of parental umlaterahty-mterdepen- 
dence was employed, the danger of such bias 
is particularly acute Also disturbing is Cross’ 
failure to specify whether the interviewer was 
or was not informed of the extreme gioup to 
which the son belonged If such mformation 
was m the possession of the interviewer be- 
fore the session with the parents, the out- 
comes of the interview portion of the study 
would be of little scientific value Of course. 
Cross’ PARI data, which were not susceptible 
to biasing, tended to be consistent with the 
interview findings, 


With the Cross research as an impetus, we 
can probably look forward to further empiri- 
cal research specifically aimed at the develop- 
mental propositions of the theory Unless 
these propositions can be verified, the de- 
velopmental aspects of the theory will ob- 
viously have to be abandoned or drasticallv 
modified 

A promising direction for future develop- 
mental research within the conceptual sys- 
tems framework is contained in a recent 
contribution by Hunt (1966) Given that con- 
ceptual systems are presumed to represent 
the "precipitates” of past encounters with 
training agents, Hunt has been attempting to 
enhance individuals’ levels of abstractness by 
means of planned educational experiences 
Research of this type can best be conducted 
with children, on the presumption that their 
level of cognitive functioning is still suscepti- 
ble to change The success or failure of such 
experimental interventions will certainly pro- 
vide further clues concerning the viability 
of the developmental^ relevant, theoretical 
propositions 

Conceptual Systems and the Piagetian 
Construct of "Decentenng ” Ideas drawn 
from other developmental theorists are woven 
into the rather complicated (if not cumber- 
some) conceptual systems fabric Thus ab- 
stractness-concreteness is sometimes charac- 
terized m terms highly lemimscent of Piaget’s 
egocentrism-relativism dimension — the dispo- 
sition to view the environment exclusively 
from one’s own point of view without any 
awareness of domg so Whereas egocentrism 
for Piaget (1926, 1954) is a developmental 
stage and not a way of characterizing persons, 
efforts have been made to distinguish among 
children in their degrees of egocentrism This 
is the closest that psychologists have come 
to the empirical study of individual differ- 
ences m differentiation withm Piaget’s system 
The egocentrism-relativism dimension can 
be subsumed under the more general con- 
struct of "decentenng” — the ability to shift 
or decenter from one aspect of a situation to 
another, an ability that emerges when abstract 
conceptual thought has gained ascendancy 
over sensory and perceptual processes in 
the child’s commerce with his environment 
The Piagetian notion of coping with one’s 
environment through decentenng mechanisms 
has evoked a responsive chord m investigators 
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assessing conceptual level within the Harvey- 
Hunt-Schroder framework Not surprisingly, 
investigators in this tradition have incorpo- 
rated Piaget-inspired tasks in their assessment 
program 

A favored mstrument has been the role- 
taking task (RTT) developed by Feffer 
(1959) First applied to adults, the RTT is a 
projective task derived from Schneidmans 
Make-a-Picture-Story (MAPS) The test ma- 
terials consist of several background scenes 
and a variety of human and animal figures 
The subject is required to tell a story, based 
on a particular background scene, that uses 
at least three of the available figures Then 
he is asked to retell the story from the point 
of view of each of the three figures In other 
words, the subject must decenter and adopt 
the perspective of others while remaining 
consistent with his previous stones 

Of particular interest is the Feffer and 
Gourevitch (1960) research on a sample of 
boys in the 6 to 13 age range In addition 
to the RTT, the boys were administered four 
traditional, Piaget-type cognitive tasks A cor- 
rect solution on these tasks required the 
balanced decentenng typical of conceptual 
thought Consistent with expectations, the 
older children performed better than the 
younger on both RTT and the strictly cogni- 
tive tasks The relation between performance 
m the two domains was significant, with both 
age and intelligence controlled This outcome 
should have come as no great surprise to 
Piaget, who has always maintained that the 
same cognitive principles apply m both the 
impersonal and personal world of the child 
Feffer and Gourevitch suggest that decenter- 
mg m the child’s physical world might pre- 
cede the ability to take the perspective of 
others m the social world Research of a 
longitudinal character would be required to 
settle the issue Note, finally, that Sullivan 
and Hunt (1967) did not find a relation m 
7- to 11-year-olds between Feffer s RTT and 
a Piaget-type task based on shifting spatial 
perspectives Evidently the RTT does not 
relate to all Piaget-type tasks with decenter- 
ing properties 

An explicit bridge between Piaget’s decen- 
tenng construct and conceptual systems the- 
ory (Harvey et al, 1961) can be found in 
Wolfe (1963), System III and IV functioning 
implies a level of differentiation between self 


and others where one should prove able to 
adopt the perspective of another person Ac- 
cordingly, Wolfe examined the extent of as- 
sociation between a conceptual systems index 
and Feffer s RTT Gollins (1958) Impression 
Formation Task was also employed The male 
subjects of the study ranged from age 10 to 
21 and were em oiled m grades 6 to 12 
With age and intelligence held constant, 
conceptual level was significantly related to 
role-takmg ability Rather disturbing, how- 
ever, was the evidence that verbal produc- 
tivity (number of words) on the RTT was 
significantly correlated with the RTT score 
(r = 61) Though it is unlikely that verbal 
productivity could mediate the relation be- 
tween the RTT and Piaget-type cognitive 
tasks, the possibility of such mediation should 
certainly be examined 

The Research of Bruner and His Associates 
We consider, finally, the very important, re- 
cent contribution of the Harvard Center for 
Cognitive Studies (Bruner, Olver, and Green- 
field, 1966) Although the examination of in- 
dividual differences has not been the central 
focus of the work of Bruner and his associates, 
the implications of that work for individuality 
of cognitive functioning are strikingly clear 
Such implications were already apparent m 
the earlier work on concept attainment 
(Bruner, Goodnow, and Austin, 1956), where 
young adult subjects were distinguished on 
the basis of preferred strategies of informa- 
tion seeking and problem solving This con- 
ceptual and methodological orientation has 
been extended and elaborated m the more 
recent research with children There are 
numerous instances m Studies tn Cognitive 
Growth where differences among children at a 
specific age level are discussed (especially as 
they relate to the influence of cultural dif- 
ferences) One also finds occasional tests of 
the children’s consistency of cognitive func- 
tioning across diverse tasks. There is even a 
detailed description of an unpublished study 
(Kuhlman, 1960) m which children were 
classified on the basis of a theoretically rele- 
vant cognitive typology Note also should be 
made of the diverse research procedures em- 
ployed by the Bruner group Many of these 
procedures would be admirably suited for the 
study of individual differences m the cognitive 
functioning of children 
The developmental sequence of differentia- 
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tion and hierarchic integration is not so ex- 
plicitly stated m the research of Bruner and 
his associates as in the writings of the other 
developmentalists considered thus far In fact, 
references to differentiation as such are quite 
rare in Biuner et al (1966) — reflected by the 
term's absence m the book's index On the 
other hand, theie is frequent reference to 
“hierarchical thought structures” throughout 
the book As we shall see, however, the re- 
search described in Studies in Cognitive 
Growth is highly relevant to both diffeientia- 
tion and hierarchic integration, and, in fact, 
offers operational indices of both of those con- 
structs withm a common frame of reference 
The fundamental developmental theme m 
Bruner et al (1966) concerns the changes m 
the child's favoied mode of representation of 
his woild as he grows older The term “en- 
active” is used to describe the very young 
child's dependence upon sensorimotor activity 
m the representational piocess With growth, 
the emphasis shifts to the “lkonic” mode The 
child can now represent the world m the form 
of an image or schema that is relatively in- 
dependent of motor action Cognitive growth 
culminates with the achievement of the “sym- 
bolic” mode In short, the child acquues con- 
ceptual structures that free him from undue 
dependence upon the way things look and 
permit the kind of internal manipulation of 
symbols chaiactenstic of abstract and logical 
thought This schematic outline hardly begins 
to do justice to the richness and complexity of 
the conceptualization But, to reiterate, it is not 
the goal of the present chapter to review the 
various theories of cognitive development, but 
rather to consider whatever implications such 
theories may have for individuality of cogni- 
tive functioning m childien 

The enactive-ikomc-symbohc sequence par- 
allels the developmental sequence described 
by both Piaget and Werner Although Studies 
in Cognitive Growth does not offer an explicit 
commitment to multilinear development and 
individuality as propounded by Werner m his 
1957 paper, one has the impression that the 
Bruner group was compelled to accept mul- 
tihnearlty of development on the basis of the 
empirical outcomes of their cross-cultural 
studies, The transition from a perceptual to 
a conceptual mode of cognizing, so typical of 
children in Western civilization, was dis- 
covered to be much less characteristic of chil- 


dren from underdeveloped areas of the world 
who had not been exposed to Western types 
of schooling For these children, development 
often reaches an end product of finely dif- 
ferentiated perception rather than abstract 
conceptual thinking Analogous results have 
been reported with respect to differences be- 
tween middle-class American children and so- 
called “culturally deprived” minorities There 
is, m other words, more than a single develop- 
mental path The sensonmotor-perceptual- 
conceptual sequence may well have a bio- 
logical basis, but cultural influences can 
evidently bring about substantial variation on 
the general theme Once cultural influences 
are admitted as a determining factor m cog- 
nitive development, the path has been thrown 
open to the study of subcultural and indi- 
vidual differences as well One finds occa- 
sional hints m the recent Bruner et al work 
of important individual variations in cognitive 
functioning outside of the context of basic 
cultural differences It is also of particular 
interest to note that Brunei dissociates him- 
self from any value judgment regarding the 
superiority of one paiticular cognitive mode 
over another There is the recognition that ab- 
stract conceptual thought is not the sole, or 
even the ideal vehicle for ait and poetry 
Let us now return to the issues of differ- 
entiation and hierarchic integration Much of 
Studies in Cognitive Growth concerns the 
child's apprehension of identity and equiva- 
lence — that is, his manner of coping with 
similarity and difference Bruner offers much 
evidence m support of the fundamental propo- 
sition that development proceeds from global 
and diffuse functioning, through differentia- 
tion, to an end product of hierarchic integra- 
tion Using children varying m age from ap- 
proximately 4 to 12, the Bruner group has 
been able to examine the preceding three 
phases of the developmental process within 
the framework of a single task Results ob- 
tained with one such task, developed by 
Olver and Hornsby, will be described in 
some detail later m this chapter In contrast to 
this accomplishment of the Bruner group, we 
note that hierarchical integration is an im- 
portant construct m the work of both Witkin 
and Bien, yet neither has had much success 
in operationalizing the construct in a way that 
represents a higher level of functioning than 
differentiation Harvey, Hunt, and Schrodei 
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claim that they are able to assess all three 
developmental levels with the identical in- 
strument, but the relevance of such assess- 
ment to cognitive functioning in children at 
various age levels has not yet been conclu- 
sively demonstrated 

Bruner's conceptualization of differentia- 
tion can be distinguished from that of Lewm 
and Werner For the latter authors, differen- 
tiation refers to cognitive and personality 
processes closely linked to the self system 
Bruner's use of this term is confined to words 
and concepts largely extrinsic to the self As 
a result, he views differentiation as character- 
istic of a relatively primitive level of cognitive 
functioning Children at a relatively young 
age are able to focus on small details in 
perceptual tasks, to distribute objects across 
a variety of categories, and to generate numer- 
ous hypotheses m information-seeking tasks 
Such performance turns out to be less than 
adaptive, however, for the tasks m question 
demand the application of hierarchical 
thought structures for effective performance, 
and these the younger children do not yet 
possess 

The contrast between differentiation and 
hierarchic integration in Bruner et al (1966) 
is best illustrated m the chapters on "culture 
and equivalence" authored by Maccoby and 
Modiano and by Greenfield, Reich, and 
Olver In the former chapter, Mexican chil- 
dren from a village and from a city were 
compared with one another and with New 
England children on the Olver and Hornsby 
(1966) task This task consisted of a set of 
items — banana, peach, potato, meat, milk, 
water, air, germs, stones — presented one at a 
time with instructions to indicate the way m 
which each succeeding item was different 
from and similar to the items that preceded it 

The findings of major relevance here con- 
cern the sharp distinction (increasing with 
age) between the children from a Mexican 
village and the children from the urban areas 
of Mexico City and Boston m the capacity to 
analyze and synthesize, that is, cope with 
differences and similarities on the Olver- 
Homsby task At the youngest age levels (6 
to 8), there were few rural-urban differences 
Children of that age were better able to 
discriminate differences accurately than to 
synthesize accurately With development, the 
urban children made the leap toward ade- 


quate synthesizing ability, an advance that 
eluded the older village child This village 
child, in contrast, followed the developmental 
path of progressively finer, subtler discrimina- 
tion of differences 

Synthesis, or the recognition of similarities 
m the Olver-Hornsby procedure, requires that 
the child go beyond the external, perceptual 
attributes of objects to a higher-order abstrac- 
tion This jump from the perceptual to the 
conceptual proved much more difficult for the 
unschooled village child than for the child 
attending urban schools It is our view that 
the accurate discrimination of differences can 
be considered an index of differentiation, the 
accurate apprehension of similarities can be 
considered an index of hierarchic integration 
Differentiation requires that the child have 
reached the perceptual or “ikomc” stage of de- 
velopment, hierarchic mtegration is achieved 
only when the child has progressed to the 
conceptual or symbolic level Of course, the 
foregoing operational definitions do not ex- 
haust the possible theoretical meanings of the 
constructs of differentiation and hierarchic in- 
tegration 

Research reported m the chapter by Green- 
field, Reich, and Olver confirms and extends 
the findings obtained by Maccoby and Modi- 
ano The former authors studied Eskimo 
children m Alaska and Wolof children m 
Senegal As with the Mexican village children, 
the Eskimo child is slower than the white 
urban child in making the transition from the 
perceptual to the conceptual level, though 
the older Eskimo child does eventually pro- 
vide as many superordinate constructs as his 
urban age peer 

The work of Greenfield et al m Senegal, 
employing Wolof children from both the bush 
and the school as well as French children, 
demonstrates the manner in which the proc- 
esses of differentiation and hierarchic integra- 
tion are linked to the differential usage of 
superordmate constructs by speakers of the 
Wolof and French languages The Wolof 
language, according to Greenfield et al , is at 
a single level of generality and hence ade- 
quate for differentiating between objects, syn- 
thesis depends on superordmate terms, how- 
ever, and these cannot readily be generated 
within the structure of the Wolof lexicon It 
is not surprising, then, that bilingual Wolof 
children show considerably more hierarchic 
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integration in equivalence judgments when 
employing French as opposed to their native 
Wolof tongue On the other hand, it must be 
noted that the use of French and Wolof is 
confounded with schooling and lack of school- 
ing, so that diffeiences m hierarchic integra- 
tion could be as much a function of Western- 
oriented education as of the lexical structure 
of the French and Wolof tongues 

The evidence for processes akin to dif- 
ferentiation and hierarchic integration is not 
confined to the study of equivalence m 
Bruner et al (1966) The work on strategies 
of information seeking (the 20-questions 
game) and on perceptual recogmtion by 
Mosher and Honisby and by Potter, re- 
spectively, has yielded results consistent with 
the data on equivalence In the information- 
seeking context of the 20-questions game, 
younger children emitted a discrete series of 
unconnected hypotheses Older children, by 
contrast, asked questions derived fiom a 
hierarchic structuie General constraint-seek- 
ing questions preceded more specific hypoth- 
esis-testing questions m an orderly, efficient 
sequence Comparable effects were observed 
in the domain of perceptual lecognition (a 
scene, initially out of focus, gradually moving 
into focus) The youngest children offered an 
unrelated senes of hypotheses as to the nature 
of the viewed pictuie Older children were 
better able to integrate the stimulus features 
and their memory store m a cyclical, hypoth- 
esis-testing manner It should be noted, 
finally, that the primacy of differentiation over 
hierarchic integration m regard to similarity- 
difference judgments was also found to prevail 
m Piaget-type tasks Bruner and Kenney, re- 
porting on conservation research m Bruner 
et al (1966), claim that 41% of their 3-year- 
olds spontaneously reported a difference be- 
tween two beakers when asked how the two 
beakers were alike Thus conservation phe- 
nomena appear to have much m common 
with equivalence rules As Bruner et al 
(1966) have asserted “Learning to recognize 
the underlying respect m which two quanti- 
ties are alike (though they appear different) 
is the same task as learning how a bell and a 
horn are alike — or a man and an animal” (p 
325) 

It should be reiterated that the treatment 
of both differentiation and hierarchic integra- 
tion in the research of Bruner and his asso- 


ciates has proceeded within a developmental, 
not an individual-differences framework One 
finds occasional reference, however, to tests 
of consistency across different kinds of tasks — 
for example, equivalence versus information 
seeking This certainly represents a gesture 
m the direction of an examination of indi- 
vidual consistency and difference, and it 
opens up the empirical possibility of placing 
children of comparable age along one or more 
dimensions of differentiation and hierarchic 
integration 

Summary. As can be seen, the same limited 
set of constructs — differentiation and hier- 
archic mtegiation — has supplied the frame- 
work for a variety of developmental studies of 
cognition A major difficulty with these con- 
structs is their conceptual ambiguity different 
investigators have used them m profoundly 
different ways In addition, most researchers 
have not provided a truly adequate opera- 
tional base for these constructs, quite apart 
from the theoietical meaning attributed to 
them As a result, differentiation and hierar- 
chic integration have not been as useful as 
they might conceivably have been For this 
leason, a large portion of the empirical re- 
search on individual differences in children's 
cognition has been conducted outside the 
fiamework of a theory of differentiation and 
hierarchic integration This will be reflected 
m the limited application of these constructs 
m most of the research described m the sub- 
sequent sections 

THE PROBLEM-SOLVING PROCESS 
AS AN APPROACH TO THE STUDY 
OF INDIVIDUAL DIFFERENCES 

There are three ways to structure the dis- 
cussion of individual differences m cognition 
— by method, theory, or description We have 
chosen the last More specifically, we shall 
consider the topic from the pomt of view of 
the problem-solving process m a scheme that 
approximates the chronology of that process 
The strategy was derived from two premises 
— more research has been concerned with 
directed problem solving than with undirected 
thought, such as free association or revene, 
and tracmg the chronology of the problem- 
solving process seems to have heuristic value 
This section shall consider, m sequence, 
the separate piocesses of encoding, memory, 
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generation of hypotheses, evaluation, and de- 
duction There will also be a discussion of 
public leport In all cases, the text shall focus 
on sources of individual differences m these 
functions The choice of these functions does 
not imply that they are the only sources 
of variation m cognition These domains have 
been the aieas explored most extensively Nor 
are these choices to be interpreted as imply- 
ing a view of cognition as a completely linear 
chain of events We hope, however, that the 
categories suggested above represent a useful 
way to analyze the fluidity of thought 

Processes of encoding, memory, hypothesis 
generation, evaluation, and deduction bear 
some relation to the cognitive controls orig- 
inally suggested by Gardner et al ( 1959) and 
studied m children by Santostefano (1964a, 
1964b) and Santostefano and Paley (1964) 
Gardner, Santostefano, and their associates 
postulate a set of cognitive controls whose aim 
or purpose is to assist the individuals adapta- 
tion to the environment They include focal 
attention, field articulation, leveling-sharpen- 
ing, and equivalence range It is assumed 
that there are consistent individual differences 
in each of these dimensions 

Differences m focal attention refer to ten- 
dencies to scan an object passively m contiast 
to an active, vigorous, and more puiposive 
study of the envuonment Differences m field 
articulation refer to selectivity of attention, 
that is, the ability to attend selectively to the 
salient or figural aspect of a context This 
dimension is related to, but certainly not 
identical with Witkm’s construct of field inde- 
pendence Differences m levehng-sharpemng 
refer to the ability to hold recent events m 
memory so that comparisons between current 
and immediately preceding inputs can be 
made accurately Equivalence range refers to 
the category width preferred by a person — 
the breadth of the category boundaries for 
particular classes of events 
There is considerable similarity between 
the cognitive process of encoding and the con- 
trols of focal attention and field articulation, 
that is, between hypothesis generation and 
equivalence range The authors have chosen 
to structure this section around the more 
traditional categories for several reasons. First, 
such a strategy allows easier assimilation of 
the existing empirical data that are develop- 
mental jn nature Second, the construct of 


style or control is less independent of value 
considerations than such processes as encod- 
ing, memory, or hypothesis generation The 
dimensions of field independence versus de- 
pendence, constricted veisus flexible control, 
and complexity versus simplicity leave few 
doubts regarding the positively valued poles 
When these value distinctions are associated 
with vendical or accurate performance, in 
contrast to nonvendical or inaccurate per- 
formance, the distinction between cognitive 
style constructs and abilities becomes blurred 
This does not necessarily mean that the stylis- 
tic dimensions aie isomorphic with the 
"simple and sovereign” IQ Rather, these 
dimensions will be selectively related to cer- 
tain abilities but unrelated to others (Gardner, 
Jackson, and Messick, 1960) The link be- 
tween stylistic variables and the traditional 
sepaiate abilities is a delicate and contro- 
versial issue to which we shall devote con- 
siderable attention 

Finally, the decision to organize the dis- 
cussion around the more traditional cognitive 
categories does not require a judgment as to 
the motivational bases for these cognitive 
processes Cognitive controls, as conceived by 
Gardner and Santostefano, are viewed as in- 
strumental processes serving ego motives and 
are part of motivational and defensive struc- 
tures Although selectivity of attention, mem- 
ory, and categorization strategies can and do 
serve motivational forces on occasion, it is not 
clear whether this is always the case More 
important, there is honest disagreement as to 
the specific motives served The cognitive con- 
trols derive directly fiom a psychoanalytic 
conception of motivational structure and 
there is some profit m examining cognition 
initially from a motivationally more neutral 
stance 

We shall now consider the separate proc- 
esses of encoding, memory, hypothesis genera- 
tion, evaluation, deduction, and public report 
Since a variety of theoretical forces have 
spawned the relevant empirical investigations, 
we shall attempt to blend the available ideas 
and data into a reasonably harmonious form 

Encoding (or Decoding) 

The translation of information is the first 
process m the cognitive sequence Guilford 
{1956, 1959) has labeled this process recog- 
nition m his systematic description of intel- 
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lectual processes But encoding is more than 
meiely labeling Encoding involves selective 
attention to one event rather than another, 
and selectivity of attention is partly a func- 
tion of the individual's adaptation level 
The reader is referred to Neissei (1967) 
for an imaginative summaiy of research 
on perceptual processing in adults The na- 
ture of the decoded product depends, first, 
on the nature of the information and on the 
availability of cognitive units to process the 
matenal Theie are dramatic differences 
among children in available language re- 
sources for labeling events (Bernstein, 1961, 
Hess and Shipman, 1965) and correspon- 
dingly diamatic differences in quality of pro- 
duct 

The natuie of the encoded event is also a 
function of the pieference for perceptual 
analysis Existing data suggest, for example, 
that gnls may be less likely than boys to 
analyze a geometric design into its component 
parts (Kagan, Rosman, Day, Albeit, and 
Phillips, 1964, Witkm et al , 1962) Similarly, 
younger children may be less likely to at- 
tend to component parts of an object than 
older children (Lee, Kagan, and Rabson, 
1963) Elkmd, Koeglei, and Go (1964) 
showed pictures to 195 children (aged 4 to 
9 years) and asked the childien to describe 
the stimuli There was a regular mciease with 
age m the proportion of children who de- 
scribed both parts and wholes, with the 
brighter children most likely to describe parts 
rather than wholes 

A recent study of social class differences m 
encoding strategies in 10-year-olds revealed 
that middle-class children were more likely to 
use descriptive and analytic language when 
asked to differentiate a design or face from a 
group of similar stimuli. Specifically, the child 
was shown an array of five designs (or faces) 
plus one cue stimulus and asked to describe 
the cue stimulus so that another child of his 
age could easily pick it out from the array 
Middle-class boys and girls were not only 
more analytic and descriptive in their encod- 
ing of the visual stimuli m contrast to the 
lower-class children who were global, but 
they were also better able to decode (under- 
stand) the analytic descriptions of their 
middle-class peers "The style of encoding in 
which each class was most successful as de- 
coder was the style used most frequently by 


that class in encoding” (Heider, 1968, p 
104) 

Although the corpus of research on set and 
recognition will not be reviewed here, it em- 
phasizes the proposition that the expecta- 
tions of the adult direct his interpretations of 
experience (see Blum, 1957, Jones and 
Bruner, 1954, Petigrew, Allport, and Barnett, 
1958, Tajfel, 1957) Recent research with 
children on the role of set in perception 
(Maccoby, 1967, Maccoby and Konrad, 
1967) demonstrated that preparatory set for 
auditory stimuli was generally an advantage 
for children if the signal was given before a 
stimulus, especially if the information was 
complex In these experiments, a child (aged 
5 to 14 yeais) is presented two tape recorded 
word messages simultaneously, one in a man's 
voice and one in a woman's voice, played over 
external speakers Aftei the speaking has 
stopped, the child must report the message 
spoken by one of the voices The results are 
lelatively clear With age, the children are 
better able to report the voice they were re- 
quested to report, and they report fewer 
words spoken by the voice they were in- 
structed to ignore It is important to deter- 
mine whether this is a difference in percep- 
tion oi m perfoimance Is the age difference 
produced because the young child cannot 
shut out the unwanted voice or because he 
cannot inhibit reporting the unwanted infor- 
mation? This issue is still not resolved As 
might be expected, the greatei the diffeience 
in familiarity of the words spoken by the 
two voices, the better able the child is to re- 
port only the instructed voice. Distinctiveness 
of the signal aids selected recall, and meaning 
lends distinctiveness to a signal Maccoby (in 
press) concludes 

It is not especially useful to think of the 
deficit m terms of the child's having a more 
limited mformation processing capacity or 
memory storage capacity in the usual mean- 
ing of these terms Rather the problem would 
seem to be that the capacity the young child 
does have is not effectively employed It 
is the effect of the unwanted matenal on the 
perception of the wanted matenal that is the 
heart of the problem 

It is possible that the perceptions of the 
children are accurate, but their report is defi- 
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cient During the act of reporting, the young 
child may be unable to keep the signals 
separate Thus interference may occur m the 
act of reporting and destroy the quality of 
performance This hypothesis could be tested 
by playmg simultaneous messages but not 
asking the child to report what he heard 
Rather, the child should be asked to point to 
pictures that illustrate each of the messages 
If the children were accurate m this task, it 
would be reasonable to conclude that the 
problem is not in the perceptual but m the 
reporting phase 

Constricted versus Flexible Control These 
terms were used first by Klein (1954) to 
describe the extent to which subjects were 
susceptible to distraction and cognitive m- 
terfeience in tasks containing conflicting cues 
The S troop (1935) Color-Word Interfeience 
Test has been the favored mstrument for as- 
sessing constucted versus flexible control 

In the traditional Stroop test, the subject 
first reads color words to provide an index of 
reading speed, then names the colors m a 
senes of colored patches to provide an index 
of speed of nammg colors, and finally names 
the colors of a set of color words pnnted m 
incongruous colors (eg, the word “red” 
printed m blue) to provide an mdex of sus- 
ceptibility to interference Ratio or difference 
scores are generally used, and sometimes 
reading speed and speed of naming colors are 
regressed out of the interference score The 
vanous sconng formulas are available m an 
exhaustive review of research with the Stroop 
test published by Jensen and Rohwer (1966) 

Since word reading habits are not well es- 
tablished in young children, Santostefano and 
Paley (1964) devised a Fruit-Distraction Test 
as a reasonable equivalent to the Stroop The 
test consisted of two cards, one of which 
contained pictures of fruits appropriately 
colored The second card was identical to the 
first, but, in addition, a variety of food and 
nonfood objects were drawn adjacent to the 
relevant fruits. The child’s task was to report 
orally the colors of the fruits on the first and 
second cards The difference m performance 
(reading speed and errors) between the first 
and second cards provided an index of the 
degree to which the child was disrupted by 
the intrusive information on the second card 
Also obtained was a measure of the number 
of intrusive stimuli recalled 


Significant age differences in interference 
were obtained for readmg speed The oldest 
children were apparently least distracted by 
the intrusive stimuli, whereas the youngest 
children were most distracted Reading errors 
did not yield significant age effects With 
respect to recall of the intrusive information, 
significant age differences were found for 
the number of intrusive food stimuli remem- 
bered — the youngest children showed the best 
recall, the oldest children showed the worst 
The data on readmg speed and number of 
intrusive stimuli recalled are consistent, of 
course It appears that the younger children 
are less able than the older to avoid attending 
to the distracting information 

In sum, younger children are more vulner- 
able to interference m situations where 
wanted and unwanted signals — from the ex- 
perimenter's pomt of view — are presented 
simultaneously The interpretation of these 
differences is still unclear, however 

Encoding across Sensory Modalities, Birch 
and his colleagues (Birch and Belmont, 1964, 
1965, Birch and Lefford, 1963, 1967) em- 
phasize developmental differences m the in- 
terpretation and integration of sensory inputs 
from various sense modalities Birch assumes 
that development is accompanied by (1) 
hierarchical shifts in the locus of control of 
actions (eg, tactile to visual control of a 
particular motor pattern), (2) integration 
across sensory modalities, and (3) differentia- 
tion within modalities In a classic study 
derived from this point of view, 145 children 
(5 to 11 years of age) had to make judgments 
about the equivalence of two geometric forms 
in a situation m which a form presented m 
one sensory system (the standard) was com- 
pared with a form presented in another sen- 
sory system (the variable) A visual standard 
was compared with a series of forms pre- 
sented haptically or kmesthetically, a hapti- 
cally presented form was compared with a 
kmesthetically presented variable The stimuli 
were eight blocks from the Sequin Form 
Board, and paired stimuli were presented to 
each child The first member of a pair was 
presented in either the visual or the haptic 
mode The second member of the pair was 
either haptic or kinesthetic if the standard 
was visual, and kinesthetic if the standard 
was haptic Some of the forms were identical 
with the standard, some were different from 
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the standard The child had to say whether 
the comparison form was the same as or 
different from the standard 
Errors for all three classes of comparisons 
decreased with age The visual-haptic com- 
parison was easiest for all childien, the haptic- 
kinesthetic and visual-kmesthetic comparisons 
were much more difficult, with the latter be- 
ing the most difficult By 8 to 9 years of 
age most children were performing very well, 
differential difficulty of the three classes of 
comparisons was most apparent over the age 
range 5 to 7 years The mtei correlations of 
quality of performance across the three types 
of comparison were close to zero at 5 years 
of age, but increased with age, approaching 
70 by the time the children weie 7 years old 
No major sex differences were found 

Birch suggests that visual-haptic integra- 
tion has its most rapid penod of growth dur- 
ing the age span 3 to 4 years, whereas visual- 
kmesthetic and haptic-kinesthetic integration 
grow during the period 6 to 8 years of age 
The flavor of Birch's discussion emphasizes a 
biological basis to these changes, and this is 
a plausible interpretative stance It is also 
possible, however, to view these data as 
studies m decision makmg The decrease m 
error scores over age could be a partial func- 
tion of longer decision times The issue of 
individual diffeiences m decision time — the 
reflection-impulsivity dimension — will be con- 
sidered later m the chapter 
Visual-haptic comparisons may be easy be- 
cause these comparisons are made more often 
in the environment, and the child has had 
extensive experience m this integration If 
children were reared m an environment in 
which visual-kmesthetic judgments were fre- 
quently required, there might be a reversal 
of these trends This supposition finds support 
m a comparison of Amencan and Nigerian 
subjects on the Witkm versions of the Rod- 
and-Frame and Embedded Figures Tests 
(Wober, 1967) The Nigerian subjects were 
more field independent than Americans (i e , 
had lower error scores) on the Rod-and- 
Frame Test where attention to proprioceptive 
cues is critical Moreover, there was a negligi- 
ble correlation for the Nigerians between 
performance on the Rod-and-Frame and on 
the Embedded Figures Tests (r = 21), 
whereas among Americans the correlations 
were highly positive, ranging from 5 to 8 


Wober argues effectively that the Nigerian 
subjects grow up in a culture that emphasizes 
analysis of proprioceptive cues and minimizes 
the value of visual analysis He suggests 
"The prevailing patterns of childhood intake 
and proliferation of information from the 
various sense modalities differ according to 
culture" (Wober, 1967, p 31) 

It is therefore not beyond reason to suggest 
that the relative difficulty of visual-kmesthetic 
over visual-haptic integration reported by 
Birch and Lefford might be reversed if Amen- 
can children's life experiences required visual- 
kinesthetic comparisons Cognitive functioning 
appears to be a most plastic enterprise, and 
generalizations about umversalistic hierarchies 
or stages of development should be tempered 
until adequate cross-cultural data are ex- 
amined 

Encoding and Attention. The encoding 
process touches directly the issue of individual 
differences m selectivity of attention — selec- 
tive focusing on one particular aspect of an 
array or event rather than another, attention 
that is maintamed versus attention that is 
shortlived Directed attention refers to selec- 
tive focusing — the selection of one aspect 
from the available field over another, and the 
inhibition of urges to turn from the field of 
focus Directed attention is relatively free 
from interference One can define selectivity 
of attention (or focused attention) as the 
degree to which thresholds are selectively 
lowered for one class of stimuli relative to 
others Attention is focused when the profile 
of thresholds for an orientation response to 
classes of stimuli forms a "V,” that is, when 
the threshold for a given stnnulus is low, and 
thresholds for other stimuli are high Atten- 
tion is diffuse when the function relating 
onentation threshold to the envelope of im- 
mediate stimuli is horizontal, that is, when 
the thresholds for orientation for many 
classes of immediate stimuli are the same 

Broadbent regards selectivity of attention 
as the result of the action of sets of filters 
The central nervous system decides which 
information arriving at the eyes, ears, or skin 
is to be admitted through the filters Only the 
information that passes is processed (Broad- 
bent, 1958), Broadbent's experiments tend to 
support this hypothesis, and he has suggested 
that it is difficult to attend to more than one 
input channel at a time It is possible that a 
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major difference between younger and older 
children is that the younger cannot shift focus 
of attention rapidly, whereas an adolescent 
can redirect focus quickly, although the 
number of channels that can be simultane- 
ously monitored may not change much with 
age If this were true it would suggest, albeit 
at a conjectural level, that the old saw about 
the "booming, buzzing confusion” of the 
world of the infant is m error If the infant 
does not shift foci quickly and attends to one 
channel at a time, then he may not hear the 
television while he is watching his fingers, not 
see the colored lights on the Christmas tree 
while he is listening to his mothei, not feel 
the jostling of the crib while he is feeling the 
discomfort of hungei contractions 

Measurement of Attention m Children. Al- 
though this chapter is not pnmanly concerned 
with methodology, it is appropriate to con- 
sider, if only briefly, procedures for assessing 
aspects of attentional processes As indicated 
earlier, attention refers to the differential 
selectivity of thresholds to a range of stimuli 
m the child's life space As that profile ap- 
proaches a peaked "V,” attention becomes 
more selective. Under those conditions, res- 
piration becomes more regular and heart rate 
decreases and becomes less variable (Lacey, 
1959, 1967) Moreover, the cardiac changes 
are not necessarily completely dependent 
upon changes m respiration (Brener and 
Hothersall, 1967) and may be concomitants 
of decieased somatomotor activity (Obnst 
and Webb, 1967) These variables are some 
of the indexes one can quantify during periods 
of sustained and selective attention to an 
external stimulus 

The state of concentration is accompanied 
by different patterns The child who is con- 
centrating is selectively attending to internal 
images or thoughts, and wishes to insulate 
himself against external stimulation The pro- 
file of reactions to this class of selected in- 
vestment of attention includes an increase m 
cardiac rate and variability, dilation of the 
pupil, and a decrease m skin lesistance 
(Kahneman, Tursky, Shapiro, and Cnder, 
1969) 

The peripheral responses under selective 
attention to external stimuli are different from 
the pattern of responses shown under con- 
centration It is possible that subtle changes 
in the profile of muscle tone m various parts 


of the body are critical mediatois of the dif- 
ferences in autonomic responses described 
above (see Obnst and Webb, 1967) In any 
case, the pattern of autonomic responses can 
be helpful m investigation of these attentional 
states Kahneman has demonstrated that the 
degree of dilation of the pupil covaries, m 
almost a linear fashion, with the difficulty of 
the mental task being presented (Kahneman 
and Beatty, 1966, 1967) and he suggests that 
the cntical psychological variable is atten- 
tional commitment (i e , the degiee to which 
the attentional apparatus is committed to 
working on the problem at hand) The more 
difficult the problem, the moie imperative it 
is that the attentional system be totally com- 
mitted to the problem It appeals that sensi- 
tive combination of somatic and autonomic 
reactions will be useful m monitoring the 
fragile phenomenon of attention Fortunately, 
children do not object to these procedures, 
and the availability of telemetric devices does 
away with the necessity of constraining the 
child m one place 

The Bases for Attention in Infancy. The 
bases for orientation, selectivity, and main- 
tenance of attention are crucial for under- 
standing cognitive processes We shall con- 
sider briefly these bases for attention as thev 
emerge m the first two years 

The earliest determinant of attention, from 
an ontogenetic point of view, is high rate of 
change m the physical paiameters of a stimu- 
lus Lights that blink on and off are more 
likely to capture the newborn's attention than 
a steady light source Intermittent tones are 
more attention getting than continuous ones 
Visual events with high black-white contour 
contrast possess more power to recruit sus- 
tained attention th&n stimuli with minimal 
contour contrast (Fantz and Nevis, 1967, 
Salapatek and Kessen, 1966). These condi- 
tions are naturally distinctive They seem to 
elicit the infants attention without prior learn- 
ing These stimulus conditions dominate the 
recruitment of attention during the first 10 
to 12 weeks 

A second class of conditions that produces 
distinctiveness is the product of experience 
and involves the relation between external 
events and the child's acquired schema for 
that event The schema is defined as a hier- 
archical arrangement of distinctive elements 
of an event. The schema is not a replica of 
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the event but a schematic or partial repre- 
sentation Selectivity and maintenance of at- 
tention appear to be curvilmearly related to 
the degree to which the features of an event 
are a distortion or disci epancy from an es- 
tablished schema A child gives maximal 
attention to an event that is a moderate devia- 
tion from the distinctive features of his 
schema The discrepant stimulus event is to 
be distinguished from a novel event A novel 
stimulus is one that has mmimal similarity or 
relation to any schema the child possesses 
Thus the random shape or meaningless design 
is a novel event to a 6-month-old infant A 
picture of a face with only one eye, however, 
is a discrepant event A 4-month-old infant 
will look longer at a photogiaph of a face — 
regular 01 disfigured — than he will at a ran- 
domly generated figure with a high degree 
of black-white contrast (McCall and Kagan, 
1967) This difference does not appear to 
be present at birth (Fantz and Nevis, 1967), 
the child must develop some primitive schema 
for a human face before the representations 
contained m the achromatic faces gam their 
attention-recruiting power Moreover, the re- 
lation between discrepancy and sustained 
attention is as valid for older children as it is 
for infants School-age children will invest 
longer periods of sustained attentional in- 
volvement with events that are discrepant 
from schema than to those that are congruent 
with schema ( Charlesworth, 1964) 

A third determinant of sustained attention, 
which begins to assume importance during 
the last part of the first year, involves the 
richness or density of available cognitive hy- 
potheses for a particular class of events — 
that is, the degree to which a transformation 
of a familiar stimulus activates a nest of hy- 
potheses that might explain the event The 
ncher the network of such hypotheses, the 
longer the child will remain attentive to the 
stimulus that elicited these structures 

For heuristic purposes these three condi- 
tions can be viewed as additive Therefore an 
event that contains high rate of change is a 
discrepancy from the existing schema of the 
viewer, if, in addition, the event engages a 
rich set of hypotheses, it should hold atten- 
tion with maximal power The cartoon prob- 
ably owes its attractiveness to these principles 
Differences in Sustained Attention after 
Infancy An important issue in the develop- 


ment of attentional processes hmges on the 
interpretation of the obvious diffeiences m 
attentional dynamics between preschool and 
school-age childien The younger child does 
not typically invest long periods of attention 
m many activities, and it is often impossible 
to test him because of his restlessness and 
distractibility The 7-year-old, in contrast, is 
a tractable subject He persists with tasks, 
maintams orientation to test objects, and sits 
for minutes without getting up from the chair 
Are these differences between younger and 
older children due to the young child's in- 
ability to focus attention (i e , his lack of 
capacity) or due to intei ference with his 
existing capacity for attention (eg, his un- 
willingness to invest attention in the task)? 
Earlier theorizing emphasized the younger 
child's inability, implying that his central 
nervous system did not permit long periods 
of focused attention to an activity or to an 
interesting stimulus Recent observations of 
young children suggest that the typical dis- 
tractibihty of a 2-year-old is more likely to 
be the result of interfering factors than a 
defect in capacity 

The newborn will show long periods of 
fixed gazing (Salapatek and Kessen, 1966), 
and at any mpnth during the first year it is 
possible to create stimuli that will hold the 
attention of the infant for several minutes 
An attractive, moving, and colorful mobile 
can elicit prolonged following and fixed at- 
tention for 5 mmutes or more m a 4-month- 
old infant One of us has watched a 1-year-old 
boy play for 15 minutes with a rubber quoit 
that bounced and rolled m a unique way each 
time he threw it The child would pick up the 
quoit, throw it, and follow it visually as it 
oscillated along the floor The boy repeated 
this process perhaps 20 times, a laserlike beam 
of attention binding him to the quoit 

The 2-year-old is capable of sustained at- 
tention and inhibition of inappropriate re- 
sponses on perceptual analysis tasks such as 
Embedded Figures The child is shown a 
familiar object (a cat) and a larger stimulus 
in which the familiar object is disguised or 
embedded Most 2-year-olds are able to locate 
the object after search and are capable of 
inhibiting false starts and maintaining mterest 
in the problem 

One particular boy is mstructive He was 
4 weeks premature (weighed under 5 pounds 
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at birth), was cyanotic upon delivery, and 
was m an incubator for the first week At 4 
months, he was immature m his patterns of 
fixations to faces, motoncally retarded, and 
not alert At 8 and 13 months of age, he was 
hyperactive and showed short attention spans 
At 27 months of age, he was placed with his 
mother in a large room and allowed to play 
for 30 minutes with a set of attractive toys 
Most children settle down with a toy, play 
with it for a minute, and then repeat this 
pattern with another toy This boy was 
pathologically active, and he exhausted him- 
self m very short attentional epochs with the 
toys He presented the classic picture of a 
premature infant with some centzal nervous 
system damage He was hyperactive, restless, 
and seemed incapable of prolonged attention 
and inhibition When he began the Em- 
bedded Figures Test, he pointed at the figures 
randomly and would not sit down to take the 
test He ran to the item, pointed haphazardly 
at the array, and then ran off He behaved 
like this for 6 minutes, until his mother sug- 
gested that the boy might perform better if 
he were sitting on her lap He was put on 
his mothers lap, she whispered some en- 
couraging words to him, and for 2 minutes 
and thiee test items he behaved like a typical 
2-year-old He attended to the array, in- 
hibited false starts, and showed appropriate 
selective inhibition Even this child, for whom 
a diagnosis of central nervous system damage 
is likely, was capable of sustained attention 
and inhibition for a time His capacity for 
sustained attention was not destroyed One 
might argue that the child was not ordinarily 
motivated to inhibit motoric behavior and 
attend to external events There was no goal 
he desired that would be forthcoming if he 
inhibited his task-irrelevant motoncity 

A second possibility is that the child had 
not learned any responses to the toys and 
task stimuli Attention is maintained if the 
external event releases a set of responses If 
the child did not know what responses to 
make to the tasks, his attention would wander 
It is not clear which mterpietation is correct, 
but both imply that the lack of sustained at- 
tention was not due to any basic incapacity 
The important role of motivation m the ap- 
parent capacity for inhibition is seen m the 
positive correlation among preschool children 
between the ability to inhibit motor activity 


under instruction and quality of intellectual 
performance, in contrast to the zero-order 
relation between spontaneous motor activity 
and IQ (Maccoby, Dowley, Hagen, and 
Degerman, 1965) The children were asked 
to draw a line and to walk a line, both as 
slowly as possible The children who showed 
the greatest ability to conform to that instruc- 
tion had the highest intelligence test scores, 
despite the relatively restricted range of social 
class m the sample Inhibition m the service 
of a task may be more a reflection of motiva- 
tion than an inherent defect m inhibitory 
control 

The motivation to sustain attention on a 
continuous task is probably one of the most 
important deteiminants of quality of perfoim- 
ance Elliott (1964) found that children 
were much less willing (or able) to sustain 
attention on an auditory leaction time task 
than adults Similarly, Katz and Deutsch 
(1963) report that giade school boys with 
reading problems showed much longer reac- 
tion times than good readers on trials where 
the signal to respond was m a modality dif- 
ferent from the modality used on the preced- 
ing trial (visual to auditory or auditory to 
visual) Maintenance of a set to respond — 
which is almost synonymous with sustained 
attention — may be a central factor m the 
differential performance of various symptom 
groups 

The Change m Sustained Attention at Six 
Years. Developmental scores on selected in- 
tellectual tasks show a marked increase m 
quality between 6 and 7 years of age, in 
contrast to the less dramatic changes between 
5 and 6 years of age This generalization 
seems to hold for American children as well 
as for children m more primitive cultures 

5 H White (1965, 1968) has summarized 
some of the psychological and biological 
events that change at this age They include 
qualitative differences m transposition learn- 
ing and reversal shift — nonreversal shift per- 
formance, a leveling of the amplitude of the 
visual evoked potential, which reaches a peak 
voltage at age six, and a spurt m the giowth 
of neural tissue The anthropometric literature 
refers to the growth spurt at age 6 as the 
juvenile growth spurt More provocative is 
Rimland’s comment that between Syi and 

6 much of the symptomatology of the autistic 
child abates (see S. H White, 1968). If 
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the child develops useful language by 6 years 
of age, prognosis is good, if he does not, 
the prognosis is poor In the case of the 
genetic disorder phenylketonuria, there is 
some suggestion that the child must take a 
prescribed diet until about 6 yeais of age, 
but he can be taken off the diet after this 
age with no serious mental retardation result- 
ing This result suggests that an important 
reorgamzation of brain chemistry may occur 
somewhere between 5 and 7 years of age 
Such a conclusion matches the fact that chil- 
dren suffering convulsive seizures during 
childhood are commonly given medication 
until about 6 years of age, for this is the 
time at which febrile convulsions tend to 
disappear (Cartel, 1964) 

Consider a lecent set of developmental 
data gathered on 200 children from 4 to 7 
years of age living m small villages m Guate- 
mala, none of whom was attending school (R 
Klein and O Gilbert, personal communica- 
tion) The childien’s performance was as- 
sessed on the following tests Embedded 
Figures Test, Matching Familiar Figures, 
Haptic Visual Matching Test, Memory for 
Digits, Memory for Sentences, Incidental 
Leammg, and, finally, Vocabulary For the 
first six tests, there was a dramatic increase 
m performance between 4 and 5 years and 
6 and 7 years but minimal change m perform- 
ance between 5 and 6 years of age Vocabu- 
lary, however, did not show this pattern but 
rose linearly with age The tasks that showed 
this pattern required sustained attention, vo- 
cabulary does not require sustained attention 
It has been shown that the amplitude of the 
evoked potential is correlated with the degree 
to which the organism is attending to the 
visual stimulus (E Beck and R Dustman, 
personal communication) There is therefoie 
an association between the amplitude of the 
visual evoked potential and attentional proc- 
esses as well as an association between tests 
requiring sustained attention and a dramatic 
increase m performance between 6 and 7 
years of age One speculative hypothesis 
states that the central nervous system changes 
that may be responsible for the dramatic 
increase m performance between 6 and 7 
are affecting primarily the child’s capacity 
for sustained attention It is clear that an 
important experiment in the future would 
be to devise tasks of equal difficulty graded 


for the degree to which they require the 
child’s sustained attention The tests that re- 
quire sustained attention should show the 5 
to 7 break, those that do not should not 

Attention and Scanning The cognitive con- 
trol of scanning refers to the distribution of 
attention Santostefano and Paley (1964) de- 
scribe focusers as systematic attention de- 
ployers and scanners as unsystematic atten- 
tion deployers The initial conceptualization 
of focusing by Schlesmgei (1954) was de- 
veloped m the context of size estimation 
When focusers were presented with disks 
containing distracting cues for size estimation, 
they nan owed attention to the critical ele- 
ments of the task, ignored the disti action, and 
consequently estimated size more accurately 
Subsequent to Schlesmgers work, Piaget, 
Vmh-Bang, and Matalon (1958) published 
their evidence on centration effects, that is, 
the tendency for objects m die center of the 
attentional field to be overestimated m size 
as a function of length of focus Thus the 
focusing of attention on the standard m a size 
estimation task should produce less accuracy, 
whereas extensive deployment of attention 
should be associated with greater accuiacy 
With the evidence of Piaget et al (1958) as 
background, Gardnei et al (1959) suggested 
that the subjects originally called “focusers" 
by Schlesmger were m reality individuals who 
scan or deploy attention widely Accordingly, 
m subsequent research (eg, Gardner and 
Long, 1962a, 1962b), the term “focusing" was 
dropped and the control principle was des- 
ignated by the smgle label of “scanning," 
referring to the extensiveness of attention 
deployment Thus the focusmg-scanmng di- 
mension as employed by Santostefano and 
Paley would be designated as extensive versus 
limited scanning m cunent usage Given the 
greater descriptive accuracy of the latter 
labels, we shall recast the Santostefano-Paley 
work accordingly 

Scanning was assessed with a Circles Test in 
which a standard and a set of variable circles 
were compared in a context of size estimation 
Accuracy of size estimation improved signifi- 
cantly with age Such evidence is consistent 
with the view that older children deploy at- 
tention more extensively than do younger 
children and show longer decision times m 
perceptual tasks It is not conclusive evidence, 
however, for no independent measures of the 
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scanning process were obtained As Santoste- 
fano and Paley point out, data on eye move- 
ments would have been exceedingly useful 
as a check on the actual perceptual behavior 
of the child 

A useful theoretical discussion of concep- 
tions of broad and narrow attention by Wach- 
tel (1967) has been published recently That 
author attributes the confusion m the focus- 
mg-scannmg domain to the presence of two 
logically distinct dimensions Using Hem&n- 
dez-Peon's (1964) metaphor of attention as 
a beam of light with a central, brilliant focus 
and a less intense fringe, Wachtel distin- 
guishes between the width of the beam (the 
ongmal meaning of focusing in Schlesmgers 
work) and the extent to which the beam 
moves around the field (Gardners view of 
scanning) Wachtel cites the case of obsessive 
personalities, who “show considerable breadth 
of attention along the scanning dimension 
but, metaphorically speaking, tend to view 
with a narrow and sharply focused beam” 
(p 418) In other words, the obsessive in- 
dividual scans the field for a bioad sampling 
of information but is overly concerned with 
narrow detail and fails to notice the links 
between the various elements scanned Wach- 
teFs discussion brings considerable clarity to 
a murky area Any further research dealing 
with the cognitive controls of focusing and 
scannmg in the realm of attention, whether 
conducted with adults or children, cannot 
afford to ignore WachteFs unpoitant concep- 
tual distinction. 

Memory 

The second cognitive process, following 
decoding, involves memorial functions In- 
quiry into memory processes has been ac- 
celerated as a result of the recent, controver- 
sial distinction between short- and long-term 
memory, which has been added to the older 
distinction between registration and retrieval 
It had been assumed traditionally that all 
decoded events were registered initially with 
equal strength If a person could not remem- 
ber an event that was decoded, the fault lay 
with the retrieval process, and interference 
theory was called upon to explain the failure 
of recall There was no predilection to reject 
parsimony and assume different laws for dif- 
erent kinds of storage Recent data argue in 
favor of a meaningful distinction between 


short- and long-term memory (Adams, 1967) 
Short-term memory usually refers to a trace 
available foi a maximum of 30 seconds, typ- 
ically for a shorter period of time The distinc- 
tion between short- and long-term memory 
implies that, without special control processes, 
decoded information m short-term memory is 
not transferred to long-term memory and 
hence cannot be retrieved at a later time 

The problem of diagnosing the content of 
long-term memory is complex A description 
of die traditional methods of studying mem- 
ory — recognition, recall, and releammg — 
clearly falls outside the scope of the present 
chapter It should be mentioned, however, 
that the context m which the memory is le- 
trieved is probably central Although experi- 
ments have not elucidated the exact role of 
context m recalling information, it is reason- 
able to assume that the context m which the 
recall is generated affects the completeness of 
the recall 

Individual Differences Available Units and 
Memory Individual-difference dimensions 
could touch memorial processes m several 
places Differences m the availability and use 
of vocabulary units to encode the event ap- 
pear to be central factors After a thorough 
review of developmental and IQ differences m 
short-term memory, Belmont and Butterfield 
(1967) conclude that short-term memory is 
more influenced by encoding processes than 
by forgetting 

It is hopefully more than coincidence that 
John (1967) , who approaches the explanation 
of memorial processes from a neurophysiolog- 
ical point of view, comes to a similar conclu- 
sion John suggests that four different proc- 
esses might account for differences in the 
effectiveness of storage of a habit as a result 
of the action of various drugs First, a larger 
number of nerve cells engaged m coherent 
activity would lead to better storage. Second, 
the density of coherent nerve cells could re- 
main the same, but the total time that this 
set of cells was active could vary Third, the 
rate of circulation of reverberatory activity 
could vary, with density of cells and total time 
constant Fourth, the contribution of each 
neural event might be enhanced John elim- 
inates alternatives two and four because he 
does not consider them to be viable on the 
basis of existing empirical data Thus we are 
left with either the possibility that the number 
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of cells involved m storage or the rate at which 
they operate is the explanation for differences 
in quality of memory storage Electrophysio- 
logical data presented by John (1967) sug- 
gest that the first hypothesis is, at the moment, 
the most viable “Learning may be accelerated 
by involving more cells m the process 
More rapid storage is accomphshed by in- 
creasing the number or density of neurons in- 
volved in coherent representation of the event” 
(p 63) 

This conclusion resembles the suggestion 
made by Belmont and Butterfield, who sur- 
veyed molar recall data Registration is in- 
creased to the degree that mediational units 
are engaged or elicited by the external stim- 
ulus Diffeiences m effective registiation may 
stem from the density of mediational units, 
which m turn may be determined by the num- 
ber of coherent nerve cells evoked by the 
stimulus 

Lack of existing cognitive units — primarily, 
but not exclusively, verbal m nature — appears 
to be one major cause of poor recall The 
implication is that the initial registration was 
also deficient, because registration of informa- 
tion requires units to which the new infor- 
mation can become attached, This suggestion 
is completely consonant with the observation 
that children from language-poor environ- 
ments exhibit performance deficiencies on 
memory tasks and do not seem to assimilate 
new information with the fidelity and exten- 
siveness characteristic of children with richer 
language resources (Cazden, 1966; Hess and 
Bear, 1968) Similarly, age differences m 
memory are compatible with variation m the 
availability and use of verbal mediators (Fla- 
veil, Beach, and Chmsky, 1966) 

Attention and Memory. The dimension of 
attention provides a second point of contact 
between individual differences and memory 
Lack of selective attention leads to imperfect 
registration of events, even in short-term mem- 
ory Fragility of focus of attention could be 
the result of several factors, but the two most 
obvious, and probably the most frequent, are 
interfering responses and distracting stimuli — 
preoccupation with other thoughts and vis- 
ceral afferent sensations ( Maccoby and Hagen, 
1965) 

One of the best validated findings is the 
negative relation between the quality of im- 
mediate recall and anxiety (Kaye, Kirschner, 


and Mandler, 1953, Walker and Spence, 
1964) Subjects who are made anxious experi- 
mentally show poorer recall than those at- 
tempting to store material under less anxiety- 
provokmg circumstances Similarly, children 
who tried to solve puzzles under ego-mvolvmg 
instructions recalled fewer mcompleted, as 
compared to completed puzzles than they did 
under task-onented instructions Moreover, 
they recalled fewer puzzles with anxiety-arous- 
ing content as compared to those with moie 
neutral content (Smock, 1957) Messer (1968) 
assessed quality of lecall of a simple story un- 
der conditions where children had been 
threatened and under control conditions He 
found poorer recall m threatened childien 

The favorite interpretation of this relation 
between anxiety and quality of retention is 
that anxiety creates distracting stimulation, 
visceral as well as ideational, which deflects 
attention from relevant incoming information, 
and thus impairs memory The negative cor- 
relation between test anxiety and verbal skills 
is congruent with this idea An illustration of 
this notion is contained m Messer s data The 
subjects were third-giade boys matched on 
age and IQ The following story was read to 
each subject, with the instruction to recall it 
as completely as possible. 

The American horse known as Man of War 
was a very fine horse He ran m races m the 
United States, in France, and in Germany He 
was brown with a red mane and had very 
strong legs Five times a year he was in horse 
shows m Boston where children came to see 
him trot and run After watching him the chil- 
dren were served hot chocolate, biscuits, and 
fudge 

One group of boys was made anxious just 
before the reading of the story through ex- 
perimental creation of failure on an anagrams 
test The second group did not have this fail- 
ure experience, and a third group succeeded 
on the anagrams test There are two major 
differences in the recall of the anxious group, 
m companson with the others First, more 
of the anxious subjects distorted the phrase, 
“Man of War,” and called him either a “war 
horse” or a “horse that fought in the war.” 
Second, anxious boys were more likely to sub- 
stitute colors other than brown or red in de- 
scribing the hoise and to substitute foods other 
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than hot chocolate, biscuits, or fudge If the 
anxious children were not completely attentive 
to the initial reading of the story, the imperfect 
registration would naturally lead to the kmds 
of errors described 

Leveling-Sharpening and Memory. A third 
example of individual differences m memory 
processes is repiesented by the cognitive con- 
trol of leveling-sharpening (eg, Holzman 
and Gardner, 1960) This control refers to 
the degree to which the subject holds in mem- 
ory an image of gradually changing stimuli 
presented sequentially Levelers are so named 
because they merge new stimuli with previ- 
ously presented ones Sharpeners, by contrast, 
maintain a high degree of separation between 
the memory of previous stimuli and current in- 
formation Thus the memorial image of stimuli 
presented in sequence remains discrete for 
sharpeners, whereas it tends to lose its artic- 
ulation for levelers, 

The principal measure of leveling-sharpen- 
ing employed by the Gardner gioup — the 
Schematizing Test— requires subjects to make 
size judgments of a senes of squares of pro- 
gressive! y increasing size The test is admin- 
istered by first presenting the five smallest 
squares for judgment, once m ascending and 
then twice in random order At this point, the 
smallest square is removed and replaced by a 
square slightly larger than any seen before 
This procedure is repeated after each series of 
trials, so that all of the squares are eventually 
replaced Individuals, of course, vary m the 
degree to which their judgments reflect or 
lag behind the actual shifts m size This in- 
dividual variation defines the levelmg-sharp- 
ening dimension m the research of Gardner 
and his colleagues 

Given the lengthy and tedious nature of the 
Schematizing Test, Santostefano (1964a) con- 
structed a leveling-sharpening procedure of 
greater interest value for children He devised 
a Wagon Test m which 8 elements of the 
wagon could be subtracted or added A Circles 
Test using a set of 14 circles of gradually in- 
creasing diameter was also employed The 
child had to note and indicate when a partic- 
ular stimulus changed relative to the previous 
exposure There were 10 boys and 10 girls 
from each of three age groups — 6, 9, and 
12 — participating m the study 

Three Ieveling-sharpenmg scores were de- 
rived for each procedure (1) the point at 


which the child detected and reported the 
first stimulus change, (2) the number of cor- 
rect changes reported, and (3) a ratio score 
based on reported relative to actual changes 
For all three procedures — Wagon Test (ele- 
ments subtracted), Wagon Test (elements 
added), and Circles Test — significant age ef- 
fects were observed for most of the Ieveling- 
sharpenmg indices The older children tended 
toward sharpening, the youngei towaid level- 
ing A sex difference m favor of sharpening 
for boys was obtained, but only m the case of 
the Wagon Test with elements subtracted 
Intercorrelations among the three Ieveling- 
sharpenmg indices were substantial within a 
single procedure but weie low to moderate 
across procedures Given the multiplicity of 
scores, and the variation m the magnitude of 
the correlations acioss the two tests, it is not 
clear whether Santostefano has successfully 
demonstrated the existence of a generalized 
leveling-sharpening dimension m children 

Motivation and Memory. A final source of 
individual differences in memory stems from 
motivational variables Is the child motivated 
to work at recalling material, or does he stop 
searching after the first layer of information 
has been retrieved? Retrieval is effortful, and 
the child who works longer is likely to fer- 
ret out more information (Hertzig, Birch, 
Thomas, and Mendez, 1968) The role of 
motivational factors is considered m more 
detail later m the chapter 

In sum, variation m quality of recall m 
children can stem fiom differences m avail- 
able mediational units or their use, anxiety, 
focused attention, susceptibility to distraction, 
and motivation One of the perplexing prob- 
lems is the fact that it is still not clear whether, 
or to what degree, recall failure is the result 
of imperfect registration, deficient rehearsal, 
or the effect of interference on the recall proc- 
ess 

Generation of Hypotheses 

Decoding and storage of information are 
typically the first two processes in a problem- 
solving sequence The third process is the 
generation of possible solution hypotheses — 
the production of alternative routes of menta- 
tion Individual differences are operative in 
full force in this phase of the process. Guil- 
ford (1956, 1959) refers to this aspect of 
problem solving as induction Most standard- 
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lzed tests of mental ability include items that 
require the generation of mediational links 
that connect apparently unrelated elements 
(as m verbal analogies) or the proliferation 
of chaiactenstics of objects or events The 
generation of hypotheses is a fundamental as- 
pect of the problem-solving process 

The number of hypotheses generated is a 
function of the number and variety of cogni- 
tive units m the child's repertoire and the 
level of permissiveness-restnctiveness m the 
child's attitude toward erroi A third detei- 
mmant of hypothesis generation concerns the 
novelty and variety of the hypotheses avail- 
able This quality has been the subject of 
much investigation under the moie attractive 
titles of functional fixedness, rigidity, flexibil- 
ity, and most lecently creativity (see chapter 
by Wallach m this book) 

Generation of hypotheses is so much at the 
heart of mental functioning that a vanety of 
forces can influence it directly Anxiety can 
lead to distraction and interfering hypotheses, 
motivation affects persistence of search, 
strength of particular beliefs might prevent 
proliferation of associations dissonant to the 
belief For example, a child who believed that 
all animals were dangerous might have diffi- 
culty recognizing the similarity between 
mothei and cat, even though he possessed the 
mediational link "alive” m his repertoire 
Theie are diamatic age differences m hy- 
pothesis generation when the task forces the 
child to rely almost completely on his acquned 
supply of interpretations and does not give 
him much information with which to work 
Potter (see Bruner et al , 1966) presented to 
children and adults (age range 3 to 22 years) 
photographs of familiar objects m a procedure 
m which the picture was initially out of focus 
and gradually (m 12 to 14 steps) became 
clear and obvious The subject was allowed 
to view each step for a total of 10 seconds 
The younger children, in contrast to the older 
children and adults, took much longer to rec- 
ognize the correct picture The 4- and 5-year- 
olds, m addition, repeated the same hypoth- 
eses frequently and rarely mentioned details 
m their descriptions of the picture School-age 
children, on the other hand, were more ana- 
lytic in their descriptions and less likely to 
repeat hypotheses The older children were 
also more cautious, often refusing to guess, 
indicating that they recognized and took ac- 


count of the madequacy of their hypotheses 

Developmental studies of learning set (Lev- 
inson and Reese, 1967) document the dra- 
matic diffeiences betwen pieschool and fifth- 
grade children m the ease with which a 
discrimination learning set is established The 
younger children persist with position hypoth- 
eses and specific object preferences, whereas 
the older subjects have a much stronger faith 
that there is, indeed, a problem to be solved — 
not a random walk — and, as a result, are more 
highly motivated to attend to relevant cues 
to try to solve the problem 

Hence inci eased availability of vaned hy- 
potheses, greatei flexibility m discaiding in- 
adequate hypotheses, an appreciation of the 
formal nature of a problem, and greatei anx- 
iety over eiroi are majoi developmental 
changes m situations requiring proliferation of 
hypotheses 

Generation of Hypotheses and Concept- 
Sorting Tasks. The process of hypothesis gen- 
eration touches the phenomenon of preferences 
for particular conceptual gioupmgs There are 
developmental and mtramdividual differences 
in the structure and content of conceptual 
categones produced when the situation is 
relatively free and allows for a variety of di- 
mensions to be chosen The bases for regard- 
ing a gioup of objects as alike or as sharing 
attributes are a function of ( I ) the stimulus 
qualities of the objects, (2) the context m 
which the objects are presented, (3) the 
child's available categones, and (4) the mo- 
tivationally based strategies of the conceptual- 
lzer 

American research has been overly preoc- 
cupied with the content dimensions of form, 
color, and size (perhaps because of their ob- 
viousness), but has neglected equally signifi- 
cant formal categories like symmetry, contrast, 
movement, or orientation These latter di- 
mensions are essential, though less static at- 
tributes of objects Unfortunately, too little 
attention has been paid to categorization of 
objects or events presented m the auditory, 
haptic, or olfactory modes 

The child's categorizations can be examined 
from a formal or content perspective The 
formal aspects of a concept or category, which 
are independent of their specific content, in- 
clude: 

1 Superordmate (or categorical) A cat- 
egorical term is used which characterizes the 
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common class membership of the objects as 
wholes (fruits, animals, men, money) 

2 Functional-relational The bases of sim- 
ilarity involve a thematic relation between or 
among members of the class (they play to- 
gether, the match lights the pipe) 

3 Functional-locational The members of 
the class share a common location (these an- 
imals live on a farm) 

4 Analytic The basis for categonzation in- 
volves similarity m a manifest component of 
the members of the class (these have two 
arms, these have featheis) 

Recent work has revealed lawful develop- 
mental trends m the use of these foui modes 
(see Sigel, 1953, 1964) With age, the child 
is more likely to use superordmate categories 
and less likely to use functional-relational cat- 
egories Children 4 to 6 yeais of age usually 
classify visually presented objects or pictuies 
into functional-relational categones (the boy 
and the dog play together, the paper and the 
match bum) Older children prefer super- 
ordinate and analytic groupings (Kagan, Ros- 
man, Day, Albert, and Phillips, 1964) Among 
young children, those of lower social-class 
backgiound are apt to give moie functional 
groupings than middle-class subjects of the 
same age (see Sigel, Anderson, and Shapiro, 
1966) 

The Significance of Analytic Concepts. A 
series of studies has suggested that the pro- 
duction of analytic concepts with visually pre- 
sented material increases with age (Kagan 
et al , 1964) and seems to be m the joint serv- 
ice of a reflective attitude and a prefeience 
for visual analysis Trios of pictures were 
shown to children from 6 to 11 years of age 
The child had to select two pictures that were 
“alike in some way ” The pictures were con- 
structed so that analytic, functional-relational, 
or superordmate groupings weie possible 
There was a linear increase in number of 
analytic concepts with age for children m 
grades one to six Moreover, the children who 
produced many analytic concepts obtained 
higher scores on the Picture Arrangement sub- 
test of the Wechsler Intelligence Scale for 
Children but were not superior to other chil- 
dren on the Information or Vocabulary sub- 
tests 

In one experiment, children were either 
told to pause and delay before giving their 


conceptual grouping or urged to respond 
quickly The first instruction produced in- 
creased analytic responses This finding was 
replicated for nonanalytic children, but ana- 
lytic children did not produce fewer analytic 
responses when told to respond quickly (Ost- 
feld and Neimark, 1967) More impressive 
is the fact that withm a group given the same 
instructional set (to respond quickly or slowly) , 
there was a positive relation between response 
time to produce a concept and number of 
analytic concepts The children with many 
analytic concepts made fewer enors m match- 
to-sample tasks and showed longer decision 
times on these tasks 

The production of analytic concepts to 
pictorial stimuli with subtle analytic detail 
seems to be mediated by tendencies to reflect 
over the validity of the response and to en- 
gage m analysis of visual arrays (Lee, Kagan, 
and Rabson, 1963) Children were taught to 
associate a nonsense syllable with a series of 
geometric designs that had figure and ground 
components After reaching criterion the child 
was shown the figure and ground components 
separately Fouith-grade boys who produced 
many analytic concepts were more likely to 
label the figural component correctly when it 
was presented alone 

In a similar study, third-grade boys were 
classified as showing a high versus low dis- 
position to produce analytic concepts on a 
task in which the child had to group pairs of 
stimuli from sets of three pictures These chil- 
dren were then administered a concept-induc- 
tion task where the child had to induce the 
concept for visual stimuli that contained two 
analytic, two relational, and two categorical 
concepts Nonsense syllables were used to 
represent the conceptual categories The ana- 
lytic children attained the analytic concepts 
before the relational or categorical concepts 
The relational boys, on the other hand, showed 
the opposite pattern Thus when familiar 
materials are used, an analytic attitude shows 
some generality (Lee et al , 1963) 

Consider now some other characteristics as- 
sociated with a preference for an analytic 
mode of categorization Observation of nor- 
mal children who were both analytic and 
reflective, m contrast to those who were non- 
analytic as well as impulsive, indicated that 
the first group was more attentive and less 
distractible in a normal classroom setting 
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(Kagan et al , 1964) School-age children 
who produced analytic concepts were likely 
to have spent long periods of time in sohtaiy 
task activities during the first four years of 
their lives (Kagan et al , 1964) This evidence 
is concordant with the report that kindergar- 
ten boys who produce analytic groupings are 
rated as more controlled emotionally than boys 
who produce categorical or lelational con- 
cepts (Sigel, Jarman, and Hanesian, 1967) In 
sum, school-age children who pioduce ana- 
lytic concepts with familiar, visual material 
seem to be more reflective, less distractible, 
and more likely to analyze pictorial arrays 

The Meaning of the Child's Conceptual 
Response It is important to note that the data 
quantified are typically the child's verbal ex- 
planations of his conceptual groupings It is 
possible that the child was thinking in super- 
ordinate terms, but because he did not have 
the words for a superordinate explanation, he 
employed a functional basis for categorization 
Moreover, the child might have realized that 
he would have to explain his grouping and, 
as a result, selected a grouping that he was 
capable of explaining, rather than one he 
would have used had he not been under the 
social piessure to account for his behavior 
This is a serious methodological problem that 
reminds us of the competence-performance 
distinction in psycholinguistics Much of our 
data on preferred conceptual categories may 
be specific to the artificial laboratory situation 
m which it is gathered 

A second, controversial issue concerns the 
relation between developmental trends and 
the specific nature of the array categorized 
by the child Some investigators have sug- 
gested that age trends are independent of the 
specific material being sorted However, the 
data question the validity of this view Lower- 
class Negro children have much more diffi- 
culty categorizing pictonal representations of 
familiar objects than three-dimensional lep- 
resentations of these objects (Sigel et al , 
1966, Sigel and McBane, 1967, Sigel and 
Olmsted, 1967) 

Olver and Hornsby (in Bruner et al , 1966) 
asked subjects 6 to 19 years of age to state 
the similarity among groups of words The 
child was first read a pair of words, a third 
word was added to the pair, a fourth was 
added to the tno, and so on, until eight words 
had been presented for successive similarity 


judgments The use of analytic bases to tie 
the woids togethei decreased with age, while 
superordmate categories increased Another 
group of subjects (6 to 12 years of age) was 
presented an array of 42 pictures of familiar 
objects and asked to select those that were 
“the same m some way ” Analytic concepts 
were more frequently used with the pictures 
than they weie with the woids However, 
analytic concepts decreased and functional 
concepts increased with age Kagan et al 
(1964), on the other hand, who also used 
pictures of objects as instances to be grouped, 
found that analytic concepts increased while 
functional categories decreased with age 

The fact that the use of a preferred mode 
of categorization depends on the specific test 
materials presented to the subject is furthei 
illustrated m a study by Gilmore (1968) 
Ten-yeai-old children were asked to name 
some familiar adults and to state how these 
adults were similar These children also sorted 
pictures of people into conceptual categories 
Reflective girls (girls who showed long re- 
sponse times on tests of uncertainty ) produced 
many analytic concepts when stating the sim- 
ilarity among the five familiar adults ( a verbal 
task), but showed no preferential tendency to 
produce analytic concepts to the picture-sort- 
ing task Similarly, middle-class, elementary 
school children produced many more analytic 
and relational concepts when they were sort- 
ing human figures than when they were sorting 
objects or animals However, older children 
produced more analytic responses for all 
classes of stimuli — people, objects, or animals 
(Sigel and Olmsted, 1967) Still another in- 
vestigation (Wallach and Kogan, 1965) 
found that creative children give more func- 
tional concepts than less creative, but equally 
intelligent children 

On the surface there seems to be little con- 
sistency in these diverse sets of data Some 
order emerges if one takes into account the 
nature of the array being sorted By nature 
of array we mean the modality m which the 
information is presented as well as the relative 
salience versus subtlety of the bases for 
grouping* Let us consider some assumptions 
about sorting behavior before proceeding fur- 
ther, 

A 3-year-old child has already developed 
standards concerning quality of concepts and 
quality of performance He has begun to learn 
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what are, in his culture, the characteristics of 
good or appropriate concepts, and, indeed, 
even the characteristics of esthetically pleasing 
concepts Part of his judgment is related to 
the subtlety of the category as reflected in the 
amount of work required to detect it The 
extraction of pleasure from an event, as evi- 
denced by the nonsocial smile, is likely to 
occur when the person attains a successful 
solution following a period of mental effort 
The smile is not likely to occur if minimal ef- 
fort was associated with goal attamment This 
generalization is illustrated m several con- 
texts If one observes a parent watching his 
child bemg tested, the parent is most likely to 
smile when the child succeeds either follow- 
ing a failure experience or after a difficult 
item where the parent has had a chance to 
build up some uncertainty about the outcome 
If the child succeeds on an easy item, the 
parent is not likely to smile The child also is 
most likely to smile when he succeeds on a 
test item that follows a long period of search 
He is unlikely to smile following success on an 
item requiring no work These observations 
suggest that the child has acquired an associa- 
tion between success on a difficult task, on the 
one hand, and positive affect, on the other A 
child of 5 years seems "to know ” — m the 
sense that he can tell you — which concepts 
are "good” and which are ‘had” on purely 
formal grounds The defining criteria depend, 
in part, on difficulty of detection An answer 
to a hard problem is more valuable than an 
answer to an easy one (see Smith and Wing, 
1961), The nature of the array is an impor- 
tant determinant of the concepts chosen by 
the child If the array makes functional con- 
cepts easy to detect and analytic ones difficult, 
the older child is more likely than the younger 
to select the analytic concepts, because he be- 
lieves them to be better or more elegant The 
older child may choose the analytic concept 
not because he failed to note the relational, 
but because he preferred the analytic If the 
analytic concept were obvious and the rela- 
tional one subtle, he might do the opposite 
Thus Kagan et al (1964), using pictures that 
made functional concepts easy to detect, found 
a decrease in their use over age On the other 
hand, using an array for which functional 
concepts were difficult, Olver and Hornsby 
(1966) found an increase m their use over 
age 


As suggested earlier, the mode of presenta- 
tion is also critical In the Olver-Homsby 
work, where words rather than pictures of 
objects were used, the functional bases were 
relatively easy to produce Analytic concepts 
are unlikely with older children when words 
are the events categorized The child is not 
likely to produce an analytic conceptual basis 
to the two words potato and banana, but he 
might say "both have spots” if he saw them 
illustrated There are major interactions be- 
tween the child’s stage of development and 
the relation between the specific nature of the 
array and the conceptual categories reported 
by the child The power of these interactions 
should mcrease with age, for the older child 
has greater freedom of category selection 
Perhaps the best illustration of the impor- 
tance of the array on the nature of the di- 
mension selected is contained m WohlwiH’s 
(1963) study of relational versus absolute 
response to number Children m grades 1, 3, 
5, and 8 were rewarded either for an absolute 
choice of number 5 (when the number 1, 2, 
3, 7, 8, or 9 was paired with the number 5), 
or they were rewarded for a relational choice, 
where the child had to pick the smaller num- 
ber of the pair One group of subjects was 
exposed to a perceptual representation of the 
numbers (eg, 5 dots versus 7 dots) Other 
children were exposed to an abstract repre- 
sentation (5 triangles versus 7 crosses) Still 
others were exposed to pairs of numerals (the 
numeral 5 versus the numeral 7) Under the 
perceptual and abstract modes of presenta- 
tion, the relational discrimination was much 
easier than the absolute Under the numeial 
condition, the absolute choice was much eas- 
ier The importance of mode of presentation 
was clearest among the first-grade children 
Under the perceptual condition, learning the 
relational response was easy, under the nu- 
meral condition, the absolute response was easy 
to attain, under the abstract condition, neither 
the relational nor the absolute response was 
easily learned It is not reasonable to conclude 
that first-grade subjects are preferentially rela- 
tional in their thinking about number* or pref- 
erentially absolutistxc Their preferences de- 
pend intimately on the specific nature of the 
material being presented A preferred con- 
ceptual response is rarely independent of the 
materials to be classified (Wohlwill, 1963), 
There is a more profound moral contained 
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in these data and implied by this general 
discussion The child learns classification re- 
sponses to specific sets of events He classifies 
events and does not always carry around a 
generalized conceptual rule for all stimulus 
contexts This principle holds as well for 
Kendler s and Piaget's empirical generaliza- 
tions as it does for those based on object sort- 
ing data Children of 3 years of age will not 
show mediational reversal shifts involving the 
size and color of squares m a typical Kendler 
laboratory piocedure (Kendler and Kendler, 
1962) But absence of a reversal shift in this 
context is not a sufficient data base to declare 
that a 3-year-old does not mediate when he 
arranges six sticks in a vertical position, blows 
at them, and sings “Happy Birthday” A 5- 
year-old may not classify on two dimensions 
simultaneously if he is presented with pictures 
of birds and leaves m a Geneva, Denver, or 
Cambridge laboratory But that observation is 
not sufficient to conclude that 5-year-olds 
never classify an event on two dimensions 
simultaneously. Younger children do this each 
day when they load all the red, square blocks 
m a wagon and leave the red and blue cir- 
cular ones 

Psychology is concerned, naturally with 
generalized laws about responses and cogni- 
tive functions Our theoretical ambitions tempt 
us to proclaim that cognitive structures dis- 
played in one limited situation can be gen- 
eralized across varied situations It would be 
convenient if children possessed geneiahzed 
rules rather than specific reactions to specific 
classes of events However, much of our data 
fail to support this wish Save for a few ex- 
ceptions (eg, the syntactic behavior of the 
young child), there is less transfer than we 
like to believe This issue is reminiscent of the 
old transfer of training controversy m educa- 
tional psychology Existing empirical research 
suggests that a child learns a set of skills to a 
particular class of problem Generalization of 
preferred conceptual categories is limited 
Statements about individual differences m cat- 
egorization strategy must contain a strong 
statement about the materials manipulated A 
child may be analytic with visual stimuli con- 
taining subtle analytic cues but superordinate 
with verbal representations of those objects 
The descriptive term “analytic” is not different 
from the word “prejudiced ” In both cases we 
must know the target of the attitude, 


The Role of Evaluation in Problem Solving 

Let us focus now on a fourth process in 
problem solving The degree to which the 
child pauses to evaluate the quality of his 
cognitive product acts on the entire spectrum 
of cognitive processes by influencing the qual- 
ity of initial decoding, recall, and hypothesis 
generation Some children accept and report 
the first hypothesis that is printed on the 
screen of awareness and act upon it with only 
the barest consideration for its appropriate- 
ness or validity Others devote a long period 
of time to study and reflection and censor 
many hypotheses This mdividual-difference 
dimension is apparent m children as early as 
2 years of age 

The hardiness of this evaluative dimension 
is beautifully illustrated m a psychophysical 
study of light intensity Ten trained adult sub- 
jects judged whether a light was on or off in 
a situation in which light intensities were close 
to threshold The adults viewed the lights 
under three viewing conditions — both eyes, 
dommant eye, and nondommant eye Decision 
time was the variable quantified Although 
response times decreased with increasing light 
intensity and were fastest with use of the 
dommant eye, as might be expected, there 
was a subject-by-intensity and a subject-by- 
viewmg condition interaction which was sig- 
nificant at less than 01 Even under these 
stringent, experimental conditions with trained 
observers, consistent individual differences in 
decision time emerged. Some adults make 
decisions quickly, others slowly (Mmucci and 
Connors, 1964) 

The evaluation dimension is relevant to all 
ages and can be assessed with a variety of 
mstruments Our discussion focuses on one 
senes of related investigations with children 
that used the same mstruments to mdex this 
dimension, called reflection-impulsivity 

The reflection-impulsivity dimension is con- 
cerned with the degree to which the subject 
reflects on the validity of his solution hypoth- 
eses m problems that contain response un- 
certainty. There are many test procedures that 
would be adequate indexes of this disposition 
The specific test used most often is called 
Matching Familiar Figures The child is asked 
to select one stimulus, from six variants, that 
is identical with the standard Number of 
errors and response time to the first hypoth- 
esis are the two major variables coded There 
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is a clear and dramatic decrease m errors and 
a corresponding increase m lesponse time with 
age, over the age range 5 to 11 yeais, in 
American children Moreover, at eveiy age 
there is a negative relation between lesponse 
time and errors — usually ranging between 
- 40 and - 65 (Kagan, 1965a, 1965b, 1965c, 
1966) 

Reliability of Reflection-impulsivity. The 
short-term stability of this dimension is illus- 
trated m a study with second-grade children 
tested for 10 weeks m a row on variations of 
Matching Familiar Figures m which the num- 
ber of variants was increased by one each 
week (Yando, 1968) The fiist week the child 
was shown a standard and two variants, the 
second week a standard and thiee valiants, 
the third week a standard and four valiants, 
and so on through ten tests, m the last of 
which the child was shown the standard and 
twelve vanants Looking at the response-time 
and error scores for children previously clas- 
sified as reflective, impulsive, or neithei, one 
finds a remarkable stability of the tendency 
to be reflective oi impulsive The average 
correlation for response tune acioss the 10 
weeks was 70 There is also good long-term 
continuity for the reflection-impulsivity clas- 
sification In one study, 104 boys and girls 
were individually admimsteied one version of 
the MFF when they were m giades three or 
foui and a different version one year later 
The correlations between response time on the 
first and second administrations weie high for 
both sexes and averaged 62 A second study 
of stability involved a group of 102 children 
who were given the Matching Familiar Fig- 
ures Test m the spring of their fiist year m 
school and one year later weie administered 
the same test again The stability correlations 
for response time were 48 for boys and 52 
for girls (Messer, 1968) The stability of re- 
sponse time over a period of 2j4 years was 
31 In general, the tendency to display fast 
or slow decision times to this response-uncer- 
tainty problem is relatively stable among 
young children over a short period of tune 
and, as we shall see, geneializes to other tasks 
Generality of Reflection-impulsivity across 
Tasks. Evidence for the consistency of this dis- 
position can be seen m the cross-task generality 
of the tendency to be impulsive or reflective 
The correlations between response time on 
the Matching Familiar Figures task and re- 


sponse time on a Haptic-Visual Matching task 
were consistently high across many samples 
of children m the first thiee grades (Kagan, 
1965c, Kagan et al , 1964) Coirelations for 
response time on each task ranged from 61 
to 87, with a median coefficient of 64 Com- 
parable correlations were found in kindergar- 
ten children for two variants of the matching 
figures task (Ward, 1968b) It is important 
to note that there is geneially a low, usually 
nonsignificant relation between language skills 
and this dimension The correlation between 
response time and the verbal scale of the 
Wechsler Intelligence Scale for Children is 
usually undei 20, but it is higher for gnls 
than for boys The tendency to show long 
versus short decision times m selection of a 
hypothesis also generalizes to tasks m which 
the child must geneiate his own alternative 
hypotheses Inkhne drawings of incongruous 
scenes were piesented tachistoscopically to a 
group of young children m the second and 
third grades (Kagan, 1965a) The pictures 
were shown at increasing exposures for a 
minimum of 18 trials Each child made a min- 
imum of 108 descriptions across all 6 scenes, 
and the lesponse latency fiom exposure of 
picture to first significant verbalization was 
recoided The response time on the tachisto- 
scopic recognition task was positively related 
to the response time on MFF (r= 40, p < 
01 for 60 boys, r = 40, p < 01 for 53 girls) , 
Reflective and impulsive children behave 
diffeiently in an interview in which they are 
answering an adult’s questions A gioup of 56 
boys and 52 girls m the fourth and fifth grades 
weie individually interviewed by a female 
adult about their hobbies, subjects m school, 
and favorite pastimes A sample question 
would be, “What games do you like best to 
playP” or “What are you poorest at in school* 5 ” 
Most of the questions had some degree of 
uncertainty The interview was tape recorded, 
and the tapes were scored for temporal delay 
between tei ruination of the interviewer’s 
question and the beginning of the child’s 
reply for a senes of 20 questions The average 
delay score across the 20 questions was com- 
puted for each child, and this score corre- 
lated with measures of reflection-impulsivity 
gathered earlier Correlations with response 
time on MFF were ,30 for boys and 38 for 
girls (p < 05) * In sum, there is some geneial- 
lzed tendency for a child to show long or 
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short decision times across various kinds of 
problem situations that contain lesponse un- 
certainty 

Reflection-Impulsivity and Recall Im- 
pulsive children are likely to make errors of 
commission m a serial-recall task, which re- 
flective childien rarely do In one study, over 
200 thnd-grade children were assessed for 
then tendency to be reflective or impulsive 
using the Matching Familiar Figures task 
Three months after this session, the children 
were seen for a serial-learning task in which 
lists containing 12 familiar words were read, 
and each child was asked to recall the words 
on the lists Each subject was given two trials 
on each list, the second trial presented the 
words in an order that was an exact leverse 
of the first trial After the fust two lists, dur- 
ing which all subjects were tieated alike, 
three different experimental treatments were 
created One gioup, the thieat group, was 
told that the first two lists did not count, 
and they would have to do very well on the 
next two lists, which weie very difficult, The 
intent of this communication was to arouse 
anxiety over possible failuie The childien in 
an adult rejection group were told that then 
performance was poor, and they would have 
to do better The conti ol gioup was told 
nothing Two new lists weie read to the chil- 
dren Children m both anxiety conditions 
produced more errors of commission than 
those m the control condition The impulsive 
children made many more errors of commis- 
sion on both prethreat and post-thieat lists 
The reflective children who were made anx- 
ious over possible failure showed a larger 
increase m errors of commission than reflec- 
tive children m the control group who showed 
the smallest increase m eirors of commission 
Thus anxiety as well as a disposition toward 
impulsivity lead to substitution of incorrect 
for correct elements m recall tasks (Kagan, 
1966) 

Decreases m an impulsive style of respond- 
ing have been obtained by means of expen- 
mental instructions deliberately discom aging 
guessing under conditions of uncertainty 
Gould and Stephenson (1967) read Bartlett’s 
passage, "The War of the Ghosts/’ (Bartlett, 
1932) to 75 adults and obtained recall under 
three different instructional sets One group 
was instructed to ''write down the story I’ve 
just read to you as exactly as you can,* A 


second group was told to write down "as 
much as you can remember Don’t set down 
facts and incidents which were not in the 
ongmal Do not invent matenal to fill the gaps 
for the sake of being able to tell a complete 
story, leave blanks ” A thud group was told 
to wnte the story “as best as you can Take 
care that each item you set down conesponds 
with something in the story, not word for 
word, but fact for fact If you come to some- 
thing you can’t remember don’t fill m to make 
a story of it, leave a blank If you have doubt 
over an item, come down on the side of doubt, 
don’t come down on the side of certainty” 
Later, each subject was read his own repro- 
duction and was asked to indicate how certain 
he was of the elements he leproduced Group 
one, which was not given any specific warning 
about inhibiting guesses, pioduced recalls 
with the greatest amount of erroi, there was 
no difference in error late between groups 
two and three Instructions to inhibit guesses 
reduced error rate dramatically 

Reflection-Impulsivity and Reading Prose 
Reflective children make fewer enors m read- 
ing English prose than impulsive children 
(Kagan, 1965b), First-giade subjects (65 fe- 
males and 65 males) weie assigned to reflec- 
tive or impulsive gioups based on their pei- 
formance on the Matching Familiar Figures 
task They were then shown a card on which 
five words were punted The examiner read 
one word aloud and asked the child to point 
to the single word on his card that matched 
the one that had been read The longer the 
child delayed before offering a solution hy- 
pothesis on the Matching Familial Figures 
task, the moie accurate his initial recognition 
of the words spoken by the exammei Although 
veibal ability predicted quality of perform- 
ance, the relation between a reflective orien- 
tation and leading errors lemained significant 
even after the influence of verbal skills had 
been partialled out (r = 28 for boys, r = 28 
for girls, p < 05) The multiple correlation, 
using word errors as the criterion and verbal 
skills and lesponse time as separate predictors, 
was 51 for boys and 59 for girls. When the 
correlations were computed separately for 
children high or low on verbal ability, the 
results were more dramatic for the high-verbal 
children Among high-verbal children the cor- 
relations between response time on MFF and 
reading-word errors were — 21 for boys and 
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— 44 for girls, while the corresponding cor- 
relations for low-verbal children were — 14 
for boys and — 21 for girls The low-verbal 
children had acquired minimal reading skills, 
and therefore their delays and errors were less 
a function of response uncertainty than they 
were of conceptual deficit This situation is 
analogous to asking the authors to wnte the 
equation describing the trajectory of Manner 
IV The ensumg delay reflects incompetence, 
not cautious brooding over a set of alternative 
answers When these same children were seen 
one year later, m the spring of their second 
year of school, they were asked to read some 
prose paragraphs The impulsive children 
made more errors than the reflective The 
most frequent error was one in which the 
child articulated a word that had some graph- 
emic similanty to the correct word — for ex- 
ample, reading nose for noise or truck for 
trunk (Kagan, 1965b) 

Reflection-Impulsivity and Reasoning* The 
reflection-impulsivity dimension also influences 
quality of inductive reasoning First-grade 
children previously classified as reflective or 
impulsive were given tests of inductive rea- 
soning For example, on one test the child 
was given three attributes of an object, and 
he had to guess the object (eg, What is 
yellow, melts m the sun, and you eat it? What 
has doors, wheels, and moves?) In a second 
procedure, the child was shown three pictures 
m a fixed order that portrayed the beginning 
of a story sequence He was then given four 
more pictures and asked to select the one 
picture (from the four) that illustrated the 
next thing to happen m the story On both 
procedures the impulsive children responded 
more quickly and made more errors than the 
reflective children (Kagan, Pearson, and 
Welch, 1966a ) 

Reflection-impulsivity and Tracking Pat- 
terns Recent studies of the eye tracking pat- 
terns of reflective and impulsive children are 
consonant with the suggested interpretation of 
their molar behavior (Drake, 1967) Third- 
grade childien, previously classified as re- 
flective or impulsive under ordinary test con- 
ditions, took the Matching Familiar Figures 
Test while seated at a Mackworth eye camera 
so that their eye fixation patterns could be 
recorded on film During the first 6 seconds 
of each test item, the reflective children made 
more homologous comparisons than the im- 


pulsive A homologous comparison is a visual 
comparison of similar details across the vari- 
ants (le, the dogs tail m variant 1 is com- 
pared with the tail m variant 2) If one ex- 
amines the data during the time prior to the 
first response (which is longer for reflectives 
than for impulsives), reflective children cov- 
ered more details in the pictures and scanned 
more vanants In effect, the reflective chil- 
dren made a more careful visual search of 
the standard and all four vanants before they 
were willing to offer a response to the ex- 
aminer This molecular scanning behavior is 
congruent with their response-time and error 
scores (Drake, 1967) 

In similar studies, fourth-grade boys were 
administered the Matching Familiar Figures 
Test m the following way The standard and 
six vanants were placed behind frosted glass 
compartments For the child to view the stim- 
uli, he had to press a mampulandum Quan- 
tification of these instrumental responses per- 
mitted a lough reconstruction of his probable 
tracking behavior The reflective child had 
longer average durations of looking for each 
visual opportunity, especially when looking at 
the vanants More important, however, the 
reflective children tended to examine all of 
the variants, whereas the impulsive boys 
looked at only one or two of them and then 
offered a solution hypothesis The reflectives 
were cautious, the impulsive children adopted 
a much nskier strategy (Nelson, 1968, Sigel- 
man, 1966) 

In general, lower-class Negro children are 
more impulsive than middle-class Negro chil- 
dren, and lower-class Negro mothers are more 
impulsive than middle-class Negro mothers 
(Hess and Shipman, 1965) Several studies 
have shown a nonsignificant but suggestive 
trend toward greater impulsiveness for chil- 
dren who are low m intelligence but high on 
performance on the Wallach and Kogan 
(1965) creativity test procedures (Ward, 
1966, 1968a) 

Modification of Reflection-impulsivity. Sev- 
eral studies indicate that the disposition to be 
reflective or impulsive can be modified First- 
grade children were divided into training and 
control groups The training consisted of re- 
quiring the children to inhibit a response for 
15 seconds After a few 30-minute training 
sessions, trained children exhibited longer re- 
sponse times to a strange examiner who did 
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not impose any time constraints However, 
error scores were not influenced to any ap- 
preciable degree by the training (Kagan, 
Pearson, and Welch, 1966b) 

A training regimen that emphasizes accu- 
racy only and ignores speed of response pro- 
duces both longer response times and fewer 
errors in impulsive children (Nelson, 1968) 
Fourth-grade boys previously classified as re- 
flective or impulsive on the MFF were trained 
to be more accurate m their selection of the 
correct variants, using geometric forms rather 
than pictures of familiar objects Control sub- 
jects were exposed to the training apparatus 
and stimuli but experienced no training After 
training, the impulsive boys showed marked 
mcreases m response time and marked de- 
creases m errors, when contrasted with the 
untrained controls The tramed reflectives 
showed the same effects, but the differences 
were not as large 

In another extensive training study, fourth- 
grade children previously classified as reflec- 
tive or impulsive were placed into one of three 
groups tramed to be reflective, trained to be 
impulsive, or trained to be neither Reflective 
subjects trained to be reflective became slower 
than those trained to be impulsive, whereas 
impulsive children tramed to be impulsive be- 
came faster Each type of child was capable 
of modifying his preferred speed of respond- 
ing Moreover, eiror scores were affected m 
the expected direction (Bnggs, 1966) 

Debus (1968) attempted to modify re- 
sponse time through modeling procedures A 
group of 100 third-grade children were as- 
signed to one of four experimental modeling 
groups or a control group The model was 
a sixth-grade child the same sex as the sub- 
ject The subject saw the model perform on 
10 items of the Matching Familiar Figures 
Test One group watched an impulsive model 
who showed latencies of 7 seconds The sec- 
ond group watched a reflective model who 
showed latencies of 30 seconds A third group 
watched a model behave impulsively for five 
items and then behave reflectively for the 
last five items A fourth gioup was exposed to 
two models— one reflective and one impulsive 
The fifth group, a control, watched no model 
at all 

The subjects were tested immediately fol- 
lowing exposure to the model and tested 
again 2J4 weeks later The largest increase m 


response time on the immediate test occurred 
for children who had watched the reflective 
model (an increase of about 12 seconds) On 
the delayed test, 2 % weeks later, the boys 
who had watched a reflective model showed 
longer response times than all other groups 
Among girls, exposure to any reflective model 
(group 2, 3, or 4) led to increased response 
times on the delayed test, whereas the con- 
trols and the subjects exposed to the impulsive 
model were markedly faster Exposure to a 
reflective model led to slower response times 
for all subjects, with girls being more influ- 
enced than boys by any exposure to a reflec- 
tive performance As m earlier studies, errors 
were not changed, despite the increase in 
response time (Debus, 1968) 

A similar finding in a more naturalistic set- 
ting has implications for the educational es- 
tablishment Each of 20 first-grade teachers 
was classified as reflective or impulsive using 
an adult version of the Matching Familiar 
Figures Test A random sample of subjects 
from each of the 20 classrooms was tested in 
the early fall and then again m the late spring 
to determine if exposure to a teacher with a 
preferred strategy influenced the child's tempo 
The children changed m a direction con- 
sonant with the teachers tempo, the effect 
being most marked for impulsive boys assigned 
to a classroom with experienced reflective 
teachers These boys showed the greatest in- 
crease m response time from fall to spring 
(Yando and Kagan, 1968) 

The Dynamics of Reflection-Impulsivity. 
The tendency to be reflective or impulsive is 
stable over both time and tasks and is some- 
what modifiable How can we conceptualize 
the psychological bases for this disposition? 
As with most behaviors, it is likely that a re- 
flective or impulsive attitude can be in the 
service of several different forces 
One dynamic could be based on the as- 
sumption that a strong motive to appear com- 
petent may prompt too rapid a conclusion 
Since our culture generally equates speed 
of thinking with intelligence, a person who 
required validation of his intellectual com- 
petence would be predisposed to produce 
answers quickly, This tendency should be 
strongest m those who had some doubt of 
their ability and, in addition, were anxious over 
this deviation from a standard, Thus a child 
who doubted his ability, but wished to deny 
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this doubt, would behave impulsively A child 
with a strong fear of failure, and no strong 
tendency to disguise it, is likely to become 
reflective A child with minimal anxiety from 
either source would be neither extremely re- 
flective nor extremely impulsive An impulsive 
or 1 effective strategy can be the result of anx- 
iety, but the source of anxiety is different m 
the two types of child For the reflective, the 
source of anxiety derives from the expectation 
that the social environment will regard the 
person as incompetent because he has made a 
mistake For the impulsive, the source of anx- 
iety derives from the expectation that he will 
be judged incompetent if he responds too 
slowly The diffeience hangs on the behaviors 
that will be judged negatively 

It is possible that this difference m per- 
sonal definition of competence and the sub- 
sequent differences m strategy have historical 
links dining the pieschool years The child 
who experienced continual emphasis on avoid- 
ance of error (1 e , he was praised for inhibit- 
ing asocial behavior) would define adult ap- 
proval and positive self-evaluation m teims of 
inhibition of inappropriate behavioi The child 
whose experience emphasized success (1 e , 
praise for successful walking, climbing, and 
talking) might define adult appioval and com- 
petence m terms of success at difficult tasks, 
that is, m terms of active accomplishment 
rather than inhibition of the inappropriate 
The child who experienced rewaid for success 
may set up an unrealistic standaid for level of 
competence required for approval and be 
pushed constantly to action, often impulsive 
m nature, in order to attenuate the anxiety 
over the thought, “I may not be competent ” 
A simpler dynamic, to which we feel more 
friendly and for which the evidence is much 
better, suggests that the greatei the fear of 
making a mistake, the more reflective and 
cautious the performance Minimal anxiety 
over a potentially inaccurate answer is likely 
to be a primary determinant of an impulsive 
performance Reflectives seem to be overly 
concerned with making a mistake and wish to 
avoid error at all costs Impulsives seem min- 
imally apprehensive about eiror and conse- 
quently respond quickly It will be recalled 
that impulsive subjects did not scan all the 
alternatives before offering a solution hypoth- 
esis and reported words that they did not hear 
m a serial recall procedure 


A recent study lends the strongest suppoit 
to this notion Third-grade boys initially cat- 
egorized as reflective or impulsive on the basis 
of their time and eiTOi scores on the Match- 
ing Familiar Figures Test were assigned to 
one of thiee experimental groups Those in a 
“failure” induction group were administered 
a difficult anagiams test and led to believe 
they had performed poorly A “success” group 
was administered the same anagrams test but 
was led to believe those m the gioup had 
performed well A control gioup experienced 
neither success nor failure Immediately after 
the manipulation, each child was administered 
a new veision of the Matching Familiar Fig- 
ures Test and changes in response time and 
errors were lecorded foi each group 
The impulsive and the i effective boys m 
the success gioup showed a deci eased response 
time on the posttest, the failuie and the con- 
trol groups showed an increased response 
time An independent study revealed that 
the conti ol group interpreted the second ad- 
mmistiation of the Matching Familiar Figures 
Test as indicating that they must have pei- 
foimed pooily on the first administration 
Thus the children who were likely to be most 
anxious ovei the quality of then intellectual 
performance showed the largest increases in 
response time Moreover, the subjects who 
showed an increased response time also dis- 
played a decrease m eirois on the posttest, 
the children who did not display an increase 
in response time made more enors on the 
posttest (Messer, 1968) 

A cross-cultural study of developmental 
changes m decision times to the Matching 
Familiar Figures Test furnishes important in- 
direct support for the relevance of anxiety 
over error Mayan Indian children (5, 6, and 
7 years of age) living in small villages m 
Guatemala were administered a culturally ap- 
propriate version of the Matching Familiar 
Figures Test along with a battery of other 
tests (R Klein and O Gilbert, personal com- 
munication) Although quality of immediate 
memory, Embedded Figures Test perform- 
ance, and vocabulary scores all increased 
with age, there were no significant changes m 
response time or error scores on the Matching 
Familiar Figures Test across the age period of 
5, 6, and 7 years Moreover, the mean re- 
sponse times were well under 5 seconds Com- 
parable data gathered on American children 



INDIVIDUAL VARIATION IN COGNITIVE PROCESSES 1315 


during this age period indicate dramatic in- 
creases m response time with age and corre- 
sponding decreases m errors Close observation 
of these Guatemalan children during testing 
suggested that they peisisted m coping with 
the task, but they showed minimal signs of 
disturbance 01 anxiety m the face of failure 
American children tend to become resistant 
and restless when they fail one or two items 
on any test and often withdraw from the task 
after several failures The Indian children 
showed neither signs of task withdrawal nor 
any evidence of distress when they failed 
Their relatively fast decision times were ac- 
companied by evidence of little anxiety over 
error This minimal anxiety may m fact ac- 
count for the fast peiformance in the sample 
studied 

Similar conclusions can be drawn from a 
study by Wemtraub comparing normal, 
hyperaggiessive, and overly inhibited 11-year- 
old boys from middle- and lower-class back- 
grounds (S Wemtraub, peisonal communica- 
tion) The effect of type of pathology was 
more important than social class The boys 
with externally directed symptoms (aggres- 
sion, lying, cheating, delinquency) were dra- 
matically more impulsive on the Matching 
Familiar Figures Test than the children who 
showed internalized symptoms (fears, phobias, 
signs of guilt) The preferred interpretation 
of the difference between an internalizing or 
an externalizing symptomatology hinges on 
the excessive fear and anxiety over adult dis- 
approval characteristic of the internalizing 
children, conti asted with the minimal fear of 
violating social norms characteristic of the 
externalizing children The fact that the ex- 
ternalizing boys were more impulsive than 
their internalizing counterparts is persuasive 
support for our interpretation of the reflec- 
tion-impulsivity dimension 

Moreover, the developmental increase m a 
reflective strategy among American children 
is accompanied by a change in the more gen- 
eral disposition to grow more cautious with 
age, i e , to become increasingly concerned 
with avoiding a mistake Draguns and Mul- 
tan (1961) showed children m grades 1, 3, 
5, and 7 an ambiguous picture and then grad- 
ually added clues which decreased the ambi- 
guity of the stimulus The younger children 
offered guesses early, whereas the older chil- 
dren were cautious and inhibited hypotheses 


until they were more certain of the accuracy 
of their response Similar results are reported 
by Mosher and Hornsby and by Potter (in 
Bruner et al , 1966) as well as by Westcott 
(1968) 

Is the age-related increase in caution, as 
reflected m avoidmg mistakes and inhibiting 
hypotheses, also found in risk-taking behavior 
conceived more generally? Kass (1964) ob- 
tained no age differences between 6-, 8-, and 
10-year-olds m a “pay to play” gambling sit- 
uation Cohen (I960), on the other hand, re- 
ported very substantial differences m risk 
taking between 9-, 12-, and 15-year-olds in a 
gambling context with candy as the incentive 
The decline in risk taking with age m Cohen's 
woik may, howevei, simply i effect the lesser 
incentive value of candy for the older children 
Sex differences m risk taking (under gambling 
conditions), in favor of boys, have been ob- 
served by Kass ( 1964) in the 6 to 10 age range 
and by Slovic (1966) in the 11 to 16 age 
range A comprehensive review of age and sex 
differences m risk taking is available m Kogan 
and Wallach (1967) 

It should be emphasized that test anxiety 
as conceptualized and measured by Saiason, 
Davidson, Lighthall, Waite, and Ruebush 
(1960) is not synonymous with what we have 
called anxiety over error, Typically, scores on 
test anxiety questionnaires are not correlated 
with long decision times or errors m tasks 
with response uncertainty and do not predict 
the phenomena that are correlated with a 
reflective attitude (see Messer, 1968, Palermo, 
1961, Phillips, King, and McGuire, 1959) 

Review of the literature (Ruebush, 1963) 
relating test anxiety to intellectual perform- 
ance suggests consistently negative (r = 
— 20 to — 30) correlations between scores on 
test anxiety questionnaires and verbal IQ tests 
or tests of verbal ability The correlation be- 
tween test anxiety and either intelligence or 
achievement test performance is fairly low m 
the primary grades, increasing with grade 
level (Hill and Sarason, 1966, Sarason, Hill, 
and Zimbardo, 1964), Typically, there is no 
consistently reliable relation between test anx- 
iety and scores on tests that minimize the 
verbal component of performance Stevenson 
and Odom (1965) correlated test anxiety 
scores with children's performance on a vari- 
ety of learning and problem-solvmg tasks 
There was no relation between test anxiety 
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this doubt, would behave impulsively A child 
with a strong fear of failuie, and no strong 
tendency to disguise it, is likely to become 
reflective A child with minimal anxiety from 
either souice would be neither extremely re- 
flective nor extremely impulsive An impulsive 
or reflective strategy can be the result of anx- 
iety, but the source of anxiety is different in 
the two types of child For the reflective, the 
source of anxiety derives from the expectation 
that the social environment will regard the 
person as incompetent because he has made a 
mistake For the impulsive, the source of anx- 
iety derives from the expectation that he will 
be judged incompetent if he lesponds too 
slowly The difference hangs on the behaviors 
that will be judged negatively 

It is possible that this difference m per- 
sonal definition of competence and the sub- 
sequent differences m strategy have histoncal 
links during the pieschool years The child 
who experienced continual emphasis on avoid- 
ance of error (1 e , he was praised for inhibit- 
ing asocial behavior) would define adult ap- 
proval and positive self-evaluation in teims of 
inhibition of inappropriate behavior The child 
whose experience emphasized success (le, 
praise foi successful walking, climbing, and 
talking) might define adult approval and com- 
petence in terms of success at difficult tasks, 
that is, m terms of active accomplishment 
rather than inhibition of the inappropriate 
The child who experienced reward for success 
may set up an unrealistic standard for level of 
competence requued for approval and be 
pushed constantly to action, often impulsive 
m nature, m older to attenuate the anxiety 
over the thought, "I may not be competent ” 
A simpler dynamic, to which we feel more 
friendly and for which the evidence is much 
better, suggests that the greater the fear of 
making a mistake, the more reflective and 
cautious the performance Minimal anxiety 
over a potentially maccuiate answer is likely 
to be a primary deteimmant of an impulsive 
performance Reflectives seem to be overly 
concerned with making a mistake and wish to 
avoid enor at all costs Impulsives seem min- 
imally apprehensive about erroi and conse- 
quently respond quickly It will be recalled 
that impulsive subjects did not scan all the 
alternatives before offering a solution hypoth- 
esis and reported words that they did not hear 
m a serial recall procedure 


A recent study lends the strongest support 
to this notion Third-grade boys initially cat- 
egorized as reflective or impulsive on the basis 
of their time and erroi scores on the Match- 
ing Familiar Figures Test were assigned to 
one of three expenmental groups Those m a 
“failure” induction group were administered 
a difficult anagrams test and led to believe 
they had performed poorly A “success” group 
was administered the same anagrams test but 
was led to believe those in the group had 
performed well A control group experienced 
neither success nor failure Immediately after 
the manipulation, each child was administered 
a new version of the Matching Familiar Fig- 
ures Test and changes in response time and 
enors were recorded for each group 
The impulsive and the reflective boys m 
the success group showed a decreased response 
time on the posttest, the failure and the con- 
trol groups showed an increased response 
time An independent study revealed that 
the conti ol group interpreted the second ad- 
ministration of the Matching Familiar Figures 
Test as indicating that they must have per- 
formed poorly on the first administration 
Thus the childien who were likely to be most 
anxious over the quality of their intellectual 
performance showed the largest increases in 
response time Moreover, the subjects who 
showed an increased response time also dis- 
played a decrease in erroi s on the posttest, 
the children who did not display an increase 
m response time made more enors on the 
posttest (Messer, 1968) 

A cross-cultural study of developmental 
changes in decision times to the Matching 
Familiar Figuies Test furnishes important in- 
direct support for the relevance of anxiety 
over eiTor Mayan Indian children (5, 6, and 
7 years of age) living in small villages in 
Guatemala were administered a culturally ap- 
propriate version of the Matching Familiar 
Figures Test along with a battery of other 
tests (R Klein and O Gilbert, personal com- 
munication) Although quality of immediate 
memory, Embedded Figures Test perform- 
ance, and vocabulary scores all increased 
with age, there were no significant changes m 
response time or error scores on the Matching 
Familiar Figures Test across the age period of 
5, 6, and 7 years Moreover, the mean re- 
sponse times were well under 5 seconds Com- 
parable data gathered on American children 



INDIVIDUAL VARIATION IN COGNITIVE PROCESSES 1315 


during this age period indicate dramatic in- 
creases in response time with age and corre- 
sponding decreases m errors Close observation 
of these Guatemalan children during testing 
suggested that they persisted m coping with 
the task, but they showed minimal signs of 
disturbance or anxiety m the face of failure 
American children tend to become resistant 
and restless when they fail one or two items 
on any test and often withdraw from the task 
after several failures The Indian children 
showed neither signs of task withdrawal nor 
any evidence of distress when they failed 
Their relatively fast decision times were ac- 
companied by evidence of little anxiety over 
error This minimal anxiety may in fact ac- 
count for the fast peifo nuance m the sample 
studied 

Similar conclusions can be drawn from a 
study by Wemtraub comparing normal, 
hyperaggressive, and oveily inhibited 11-year- 
old boys from middle- and lowei -class back- 
grounds (S Wemtraub, personal communica- 
tion) The effect of type of pathology was 
more important than social class The boys 
with externally directed symptoms (aggres- 
sion, lying, cheating, delinquency) were dra- 
matically more impulsive on the Matching 
Familiar Figures Test than the children who 
showed internalized symptoms (fears, phobias, 
signs of guilt) The preferred interpretation 
of the difference between an internalizing or 
an externalizing symptomatology hinges on 
the excessive fear and anxiety over adult dis- 
approval characteristic of the internalizing 
children, contrasted with the minimal fear of 
violating social norms characteristic of the 
externalizing children The fact that the ex- 
ternalizing boys were more impulsive than 
their internalizing counterparts is persuasive 
support for our mteipretation of the reflec- 
tion-impulsivity dimension. 

Moreover, the developmental increase in a 
reflective strategy among American children 
is accompanied by a change m the more gen- 
eral disposition to grow more cautious with 
age, le, to become increasingly concerned 
with avoiding a mistake Draguns and Mul- 
tan (1961) showed children in grades 1, 3, 
5, and 7 an ambiguous picture and then grad- 
ually added clues which decreased the ambi- 
guity of the stimulus. The younger children 
offered guesses early, whereas the older chil- 
dren were cautious and inhibited hypotheses 


until they were more certain of the accuracy 
of their response Similar results are reported 
by Mosher and Hornsby and by Potter (in 
Bruner et al , 1966) as well as by Westcott 
(1968) 

Is the age-related increase m caution, as 
reflected m avoidmg mistakes and inhibiting 
hypotheses, also found in risk-taking behavior 
conceived more generally? Kass (1964) ob- 
tained no age differences between 6-, 8-, and 
10-year-olds m a 'pay to play” gambling sit- 
uation Cohen (1960), on the other hand, re- 
ported very substantial diffeiences in risk 
taking between 9-, 12-, and 15-year-olds m a 
gambling context with candy as the incentive 
The decline in risk taking with age m Cohen’s 
work may, however, simply reflect the lesser 
incentive value of candy for the older children 
Sex differences in risk taking (under gambling 
conditions), in favoi of boys, have been ob- 
served by Kass ( 1964) m the 6 to 10 age range 
and by Slovic (1966) in the 11 to 16 age 
range A comprehensive review of age and sex 
differences in risk taking is available m Kogan 
and Wallach (1967) 

It should be emphasized that test anxiety 
as conceptualized and measured by Sarason, 
Davidson, Lighthall, Waite, and Ruebush 
(1960) is not synonymous with what we have 
called anxiety over error Typically, scores on 
test anxiety questionnaires are not cori elated 
with long decision times or errors m tasks 
with response uncertainty and do not predict 
the phenomena that are correlated with a 
reflective attitude ( see Messer, 1968*, Palermo, 
1961, Phillips, King, and McGuire, 1959). 

Review of the literature (Ruebush, 1963) 
relating test anxiety to intellectual perform- 
ance suggests consistently negative (r = 
— 20 to — 30) correlations between scores on 
test anxiety questionnaires and verbal IQ tests 
or tests of verbal ability The correlation be- 
tween test anxiety and either intelligence or 
achievement test performance is fairly low in 
the primary grades, increasing with grade 
level (Hill and Sarason, 1966, Sarason, Hill, 
and Zimbardo, 1964) Typically, there is no 
consistently reliable relation between test anx- 
iety and scores on tests that minimize the 
verbal component of performance Stevenson 
and Odom (1965) correlated test anxiety 
scores with childrens performance on a vari- 
ety of learning and problem-solving tasks 
There was no relation between test anxiety 
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and ease of discrimination learning, but a 
negative correlation between test anxiety and 
performance on such verbal tasks as paired 
associates and anagrams The index of reflec- 
tion-impulsivity does not involve verbal proc- 
esses, and perhaps that is the reason for the 
minimal relation between test anxiety scores 
and the reflection-impulsivity dimension 8 
Consider, finally, the matter of sex differ- 
ences and attitude toward error Sex differ- 
ences m level of performance on varied in- 
tellectual tasks are less common than sex 
differences m the pattern of relations among 
performances Lewis, Rausch, Goldberg, and 
Dodd (1968), for example, found no sex dif- 
ferences m mean response time or error scores 
on a test of reflection-impulsivity, but they 
found errors to be moie strongly related to 
IQ in girls than m boys, and more strongly 
related to response times m boys than in girls 
Maccoby ( 1966) has piepared a most valuable 
summary of the literature on sex differences 
She proposes an integrative hypothesis in 
which a personality dimension of mhibition- 
lmpulsiveness is presumed to be curvilmearly 
related to quality of intellectual performance 
Boys and girls occupy different positions on 
this dimension as mdicated m Fig 1 (from 
Maccoby, 1966) Extiemely inhibited girls 
and extremely impulsive boys give the poor- 
est performance Girls must become less in- 
hibited and boys more inhibited m order to 

8 Kimble and Posmck’s ( 1967 ) demonstration of 
a high positive correlation between the test anx- 
iety score and a score on a comparable scale 
m which all semantic references to anxiety were 
deleted highlights the enigma of the anxiety con- 
struct 



Fig 1 Relative positions of girls and hoys on 
a hypothesized personality dimension, running 
from inhibited to impulsive, which is curvilmearly 
related to quality of intellectual performance 


increase the quality of their performance on 
most intellectual tests Existing research gen- 
erally supports this hypothesis, for one finds 
that boys are usually more willing to tolerate 
the risk of error than girls (see Wallach and 
Caron, 1959) Maccoby’s hypothesis implies 
that when sex differences occur for particular 
intellectual performances, they may be the 
result of differences m attitude towaid error, 
rather than differences in decoding, memory 
capacity, or hypothesis generation Sex differ- 
ences m these latter functions, when observed, 
may in fact be linked to a "cautiousness* 1 
vector 

The Role of Evaluation in Decision-Making 
Tasks Many experimental tasks and proce- 
dures involve evaluation m the sense described 
previously, although this may not be apparent 
from the title of the construct cited in die 
published report (see fn 5) Age differences 
in performance on these procedures may, m 
some instances, be partially influenced by the 
increase with age in a reflective strategy This 
suggestion may help to explain puzzling dif- 
ferences in susceptibility to illusions Some 
illusions, like the Ponzo, mcrease with age, 
others, like the Poggendorff, decrease with 
age (Leibowitz and Gwozdecki, 1967, Par- 
rish, Lundy, and Leibowitz, 1968) It is sug- 
gested that the nature of the Ponzo illusion 
is such that the closer you attend to the stim- 
ulus, the greater the illusory effect, The na- 
ture of the Poggendorff illusion is such that 
the closer you attend to the stimulus matenals, 
the less the illusory effect (see Fig 2) 

In a recent study (Parrish, Lundy, and 
Leibowitz, 1968), adults were hypnotically 
age regressed to age 5 and were then admin- 
istered the Ponzo and Poggendorff illusions 
These legressed adults performed as children 
5 to 10 years typically perform The authors’ 
preferred interpretation is that the perceptual 
process was altered by the hypnotic regres- 
sion However, it is possible that the regres- 
sion merely created a set to respond impul- 
sively In the administration of the Ponzo 
illusion one vertical hne remamed fixed at 
10 16 centimeters, while the second hne 
(closer to the point of convergence) varied 
m length from 6 35 to 12 70 centimeters in 
0 32-centimeter steps The subject had to 
state which hne was longer An impulsive 
strategy might predispose a subject to alter- 
nate his answers from one hne to another Such 
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Fig. 2. In the Ponzo illusion the vertical lines are equal but appear to be unequal. In the Poggen- 
dorff illusion the diagonal portion is physically continuous but appear to be discontinuous. 


a strategy would make him appear as if he 
did not experience the illusion as strongly as 
a subject who compared each stimulus care- 
fully. 

In the Poggendorff illusion the subject was 
required to adjust a bar so that the right half 
of the diagonal was in line with the left half. 
An impulsive person would not check his 
adjustment carefully, and hence might show 
an exaggerated illusion. The suggestion that 
these illusion results might be products of 
evaluation strategy rather than basic changes 
in perceptual processing is presented only as 
a possible interpretation. The intention is to 
alert the reader to at least consider the poten- 
tial role of this dimension in all problem-solv- 
ing contexts where the child must make a 
decision. 

Relation of Reflection-Impulsivity to Early 
Behaviors. Although anxiety over error is be- 
lieved to be the primary incentive for a reflec- 
tive strategy, there is a possibility that other 
factors can contribute to this disposition. It is 
of interest, moreover, to inquire into the early 
history of this disposition. How early can one 
detect and predict the signs of future reflec- 
tivity or impulsivity? 

The Matching Familiar Figures Test (or 
any similar task involving uncertainty) may 
top two different components: anxiety over 
error, on the one hand, and a dimension called 
"tempo of information processing,” on the 
other. Some people appear to process infor- 
mation rapidly; others process information 
slowly, even in situations where the negative 
sanctions of public failure are lifted. The fast- 


processing individual may actually assimilate 
more information per unit of time, or it may 
be that he only appears to process faster. He 
may be processing less minutely, matching to 
a grosser and less perfect standard, and there- 
fore finishing in less time. One analogy uses 
the image of an electronic scanner programmed 
to locate all the combinations AB in a text. It 
could finish the task faster if it only searched 
for As rather than ABs and tallied a find each 
time. The fast rate would be the result of a 
looser standard of detection. Hence many 
false positives would be noted. 

At the moment, there are not sufficient data 
to postulate a construct of "tempo of proc- 
essing,” independent of anxiety over error, 
that influences decision time. Moreover, even 
if this idea were viable, it is not clear whether 
the tempo differences are due to faster rates 
of processing or lower standards of detection. 
With this apology behind us, let us consider 
some data suggesting that something like a 
tempo dimension may exist during infancy 
and show predictive validity to the reflection- 
impulsivity dimension tested during the school 
year’s. 

One argument for the existence of differ- 
ences in tempo of processing is contained in 
the dramatic variation in rate of habituation 
to visual or auditory stimuli. Young infants 
show differential rates of habituation to vis- 
ual stimuli such as representations of human 
faces, randomly generated nonsense designs, 
and novel mobiles. Rapid habituation to the 
faces could be the result of a firmer schema 
of the face. The closer the match of stimulus 
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to schema, the faster should be the habitua- 
tion However, individual differences in rate 
of habituation to the meaningless geometric 
designs or novel mobiles cannot be explained 
as a result of differential familiarity It is un- 
likely that any of the infants had prior sche- 
mata for these novel stimuli The rapidly 
habituating infants either established firm 
schemata for the novel stimuli at a faster rate, 
or their processing was less analytic ( 1 e , the 
internal schemata they created were grosser 
than the ones created by the slow habituating 
infants) 

These hypotheses resemble those used m 
discussing the reflection-impulsivity dimen- 
sion It was suggested that impulsives either 
processed faster or had a grosser standard of 
equivalence Would it be possible to obtain an 
early preview of the disposition to be reflec- 
tive or impulsive at age 3 or 4 years from 
habituation lates dunng the first year* 5 Pre- 
liminary data lend some tentative support to 
this idea 

As part of an ongoing longitudinal study by 
Kagan and his colleagues, 150 infants have 
been seen at ages 4, 8, 13, and 27 months At 
4 months, the infants viewed 16 presentations 
of 4 achromatic faces Some children showed 
a rapid habituation of fixation time, others 
showed a more gradual habituation At 8 
months, the boys who had previously been 
rapid habituators showed a pattern of play 
with toys that can be characterized as having 
many short involvements The slow habit- 
uating boys showed fewer, but longei involve- 
ments with the same toys Rate of habituation 
at 4 months predicted tempo of play at 8 
months Moreover, boys who showed a fast 
tempo of play with the toys at both 8 and 13 
months (many short involvements) were less 
attentive to visual stimuli at both these ages 
and more vigorous and excitable at 4 months 
This evidence suggests the operation of a 
tempo factor (manifested m rate of satiation 
with toys and rate of habituation to visual 
stimuli) that is stable during the first year of 
life 

Some of these boys (N — 52) have been 
assessed at 27 months of age The 27-month 
assessment variables include tempo of play 
with toys and decision times to two problem 
situations that contain response uncertainty 
(ie, a specially devised embedded-figures 
test and a perceptual-conflict procedure)* 


There were positive intercorrelations (Rep- 
pucci, 1968) among decision times on the two 
response-uncertainty tasks and a slow tempo 
of play (l e , long epochs of involvement with 
the toys) 

Moreover, the 2-year-old boys who showed 
long epochs of attentional involvement in a 
particular activity, in contrast to those who 
displayed short-duration involvements, showed 
a slower tempo of play at 8 months and more 
rapid habituation to visual stimuli at 4 months 
In this analysis, the duration of each atten- 
tional involvement with an object at 27 
months of age was quantified, and each child’s 
distribution of time scores was cast into a fre- 
quency distribution The seventy-fifth percen- 
tile (Q z ) value was chosen as the index of 
tempo of play The range of seventy-fifth 
percentile values was from 30 to 187 seconds 
For the total gioup of 52, there was a posi- 
tive relation between slow tempo of play at 8 
and 27 months (^ 2 = 3 8, p < 05) When the 
10 boys with the largest Q 3 values were com- 
pared with the 10 boys with the smallest Q 3 
values (slow versus fast tempo), more of the 
slow tempo boys had a small number of act 
changes at 8 months of age (p < 01, exact 
test) The median value was 11 act changes 
for the slow tempo boys versus 30 act changes 
for the fast tempo boys at 8 months More 
dramatic, however, is the fact that the 10 
slow tempo boys showed a shallower habit- 
uation function for first fixation to achromatic 
faces at 4 months than did the fast tempo 
boys (see Fig 3) These data give tentative 
support to the possibility that during the first 
year of life a tempo dimension is present 
which remains, at least for boys on the ex- 
tremes of the dimension, somewhat stable 
throughout the second year 

The independent work of Pedersen and 
Wander (1968) is also supportive, Children 
years old were observed m a nursery 
school setting and were evaluated on then- 
tendency to show long periods of attentional 
involvement with toys (This variable is very 
similar to the one coded in the play behavior 
at 27 months ) Four years later, when these 
children were about 6J4 years of age, each 
was administered the verbal and performance 
scales from the Wechsler Intelligence Scale 
for Children The children who had shown 
prolonged periods of involvement with toys 
m the nursery school setting (i,e , slow tempo) 
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Trials 

Fig 3 Differences m habituation of fixation 
time at 4 months for extreme groups on the 
tempo dimension at 27 months (boys) (First 
fixation to achromatic faces at 4 months ) 

performed better on the subtests that con- 
tained some response uncertamy (eg, Pic- 
ture Arrangement, Mazes) than the children 
who had shown short involvements However, 
there were no differences between the two 
groups on the verbal scales A slow tempo of 
play at 2% years predicted a reflective atti- 
tude at age 6 Our longitudinal data suggest 
a positive relation between slow tempo of play 
and a reflective attitude at 2 years 

These data aie still far from conclusive, but 
they offer some credibility to the hypothesis 
that children differ m the tempo of processing 
Slow tempo children are more likely to be- 
come reflective, fast tempo children are more 
likely to become impulsive The early display 
of these behaviors could be completely the 
product of differential experience, or it could 
be the partial product of biological differences 
among the infants There is some reason to 
suspect that the differences in tempo and in- 
hibition may have a genetic basis For ex- 
ample, among 4-month-old males, the slow 
habituating infants tend to be larger, fatter, 
and smile more frequently than fast habitu- 
ating infants In addition, both body size and 
frequency of smiling during the first half year 
display greater similarity between monozy- 
gotic than between dizygotic twins Further, 
two behavioral genetic studies implicate a 
tempo dimension In one study, monozygotic 
and dizygotic boys and girls were observed 
in a free play situation at 8 months of age, 


The tendency to show very few or many act 
changes during the openmg 4 minutes of play 
— which is a partial index of inhibition — 
showed hentability (C M Reppucci, per- 
sonal communication) In a second study, 61 
pairs of identical and fraternal twin girls, aged 
6 to 10 yeais, were observed in two experi- 
mental games and were interviewed One of 
the critical variables was the time required 
for the child to decide which toy she wanted 
to play with after the testmg session was 
over The tendency to display short or long 
response times m this uncertain situation 
showed the best evidence of hentability An 
overall rating of apprehensiveness (which 
was based, m part, on the response times) 
yielded an mtiaclass con elation of 88 for the 
monozygotic twins, but only 28 for the dizy- 
gotic twins (Scan, 1966) Future studies will 
judge the fruitfulness of the idea that a dis- 
position toward inhibition has a heritable 
basis Existing information does not allow us 
to reject this notion out of hand (Gottesman, 
1963) 

Implementation of Hypotheses — The 
Deductive Phase 

The complementary processes of “induc- 
tion’' and “deduction” have always been at 
the heart of cognitive work Guilford (1959), 
among others, has emphasized the differential 
factorial structure of these two components 
of thought On the other hand, m the natural 
sequence of thinking, the mduction of simi- 
larities and hypotheses and the deduction of 
conclusions occur in close temporal contiguity, 
each nurturing the other The induction that 
both air and ocean have peimanent, spatially 
located currents, for example, is likely to be 
followed by the deduction that each flows in 
a preferred direction, each has turbulence, 
and each influences the weather Of course, 
adequate deductive products also necessarily 
require a nch knowledge of rules 

A provocative example of individual dif- 
ferences in deductive problem solving is con- 
tained in a study of ethnic differences in pro- 
file of intellectual skills (Lesser, Fifer, and 
Clark, 1965) First-giade children from four 
ethnic groups in New York City (Chinese, 
Jewish, Negro, and Puerto Rican) were ad- 
ministered four tests verbal ability, reasoning, 
number facility, and space conceptualization 
Lower-class children in all four ethnic groups 
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had significantly poorer performances on all 
tasks than the middle-class children, but the 
profile of scores on the four tests was different 
for each of the ethnic groups Although Jew- 
ish and Chinese children performed better 
than Negro and Puerto Rican children on 
most tests, the ipsative profiles were different 
Jewish childien gave their best performance 
on the verbal test and their poorest perform- 
ance on the test of spatial ability Chinese 
children showed the opposite pattern, per- 
forming poorly on the verbal test and best 
on the spatial test The two less adequate 
groups — the Puerto Rican and Negro children 
— also differed fiom each other The Negro 
pattern resembled that of the Jewish children 
— higher on verbal ability than on the other 
tests The Puerto Rican child was lower on 
verbal ability than on the other skills It is 
important to note that the piofiles for each 
ethnic group were similar for both the lower- 
and middle-class children of that ethnic 
group, attesting to the importance of the 
genetic and experiential factors that are 
linked with ethnicity This study was repli- 
cated in Boston (with Chinese and Negro 
children) with remarkably similar results 
There are at least two possible envn on- 
mental interpretations of these provocative 
and consistent ethnic differences One inter- 
pretation is that the Puerto Rican and Chinese 
children were exposed to a second language 
m the home, whereas the Negro and Jewish 
children were not The former groups there- 
fore might perform more poorly on verbal 
tests as a result of the interference produced 
by the language environment A second and 
less likely mterpretation assumes, first, that 
the vocabulary test had less response uncer- 
tainty than the reasoning, spatial, and number 
tests, and, second, that the Negro and Jewish 
children were temperamentally more impul- 
sive than Chinese or Puerto Ricans In this 
case, the pattern of findings could be ex- 
plained as a result of differences m impulsiv- 
ity among the ethnic groups 
Role of Family Experiences on Implemen- 
tation. Some investigators have explored pos- 
sible familial experiences associated with dif- 
ferential problem-solving abilities on verbal 
or spatial tasks Freeberg and Payne (1967) 
have prepared a review of this literature 
Bmg (1963) found that fifth-grade children 
who were much better on spatial than on 


verbal tasks had less interaction with their 
mothers than children with the opposite pro- 
file Children with verbal skills superior to 
their spatial ability were dependent on a 
mother who was acceleratory and intrusive 
The reader should note that the stereotype 
of the Jewish and Negro mother holds that 
she is generally more intrusive than the stereo- 
typed Puerto Rican or Chinese mother Fer- 
guson and Maccoby (1966) have also re- 
ported that boys who are better m spatial 
than verbal ability are less aggressive and 
more withdrawn than boys with the opposite 
profile Children who display a pattern in 
which numencal ability is superior to verbal 
or spatial skills tend to be popular and well 
liked (Ferguson and Maccoby, 1966) and are 
assertive and self-confident (D’Heurle, Mel- 
lmger, and Haggard, 1959) Thus there is 
some concordance among the few studies that 
have investigated the relation among family 
experience, intellectual skills, and personality 
It would appear that children who are more 
highly skilled on spatial than verbal tasks are 
more withdrawn and less aggressive than their 
age-mates, whereas those who are more highly 
skilled on verbal tasks tend to be more de- 
pendent than their peers 

Influence of Content and Mode of Presen- 
tation of the Problem Personality factors are 
likely to influence quality of deductive se- 
quences when the content of the problem 
has differential motivational relevance for the 
person For example, Milton (1957, 1958) 
has found that college females perform better 
on deductive problems requiring arithmetic 
reasoning if the content of the question refers 
to feminine objects (le, deals with gardens 
and pies rather than guns and planets) 

As with generation of hypotheses and con- 
cept sorting, the quality of deductive prod- 
ucts is likely to be influenced by the mode of 
presentation of the problem Smce many 
deductive problems require the child to 
manipulate several bits of information, it is 
probable that oral versus written presentation 
will be an important determinant of quality 
of answers Donaldson (1963) administered 
various deductive problems (eg, matching, 
senation) to children 10 to 14 years of age 
An example is the following problem 

Five boys, Jack, Dick, James, Bob, and 
Tom go to five different schools in the same 
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town The schools are called North School, 
South School, East School, West School, and 
Central School Jack does not go to North, 
South, or Central School Dick goes to West 
School Bob does not go to Noith or Central 
School Tom has never been inside Central 
School Which school does Jack go to? 

The problem was read to the child, but he 
could take notes if he wished Donaldson 
analyzed the errors and leports of the chil- 
dren and attempted to diagnose the causes 
of the mistakes Some children did not under- 
stand the problem, others were impulsive and 
did not check the validity of their final solu- 
tion, others had difficulty with the negation in 
the problem But the most frequent cause of 
error was a memory failure — the child had 
forgotten elements of the problem If the 
problem had been presented in written form, 
it is likely that this cause of failure would 
have been eliminated 

The importance of mode of presentation 
has relevance to Piaget s assertion that chil- 
dren under 7 or 8 cannot perform class in- 
clusion or senation problems (Inhelder and 
Piaget, 1964) These problems are usually 
read aloud to the child In order to solve the 
simplest class inclusion problem the child 
must hold in memory a minimum of three 
elements It is possible that one basis for 
immature answers on these problems is mem- 
ory failure 9 

The number of bits of information that can 
be held in immediate memory increases with 
age over the period 3 to 10 years It is rea- 
sonable to suppose that one of the many 
determinants of the "inferior” performance of 
preschool or kmdergarten-age childien on 
senation and class mclusion problems is 
memory failure Presentation modes that give 
the child continuous access to the elements of 
the problem might yield different results 

9 One of the authors has collected unpublished 
data on 6-year-old children m the first grade 
who were administered the following class in- 
clusion problem "There are 13 boys and 10 girls 
in the class. Are there more boys or more chil- 
dren?” When the problem was administered 
orally, less than 10% gave the answer, "More 
children,” When the problem was presented in 
written form so that the child had access to all 
elements of the problem as long as he wished, 
70% said, "More children*” 


We may conclude from this discussion that 
the answer produced by the child is a re- 
sultant of diverse forces An incorrect answer 
could be the result of defective encoding of 
the problem, a failure in memory, generation 
of an incorrect solution hypothesis, insufficient 
evaluation of a solution hypothesis, inability 
to apply the proper deductive rule, or com- 
binations of these failures The nature of the 
final report does not typically provide infor- 
mation on its construction Let us consider, 
in a bit more detail, the meaning of the "final 
answer ” 

The Significance of Public Performance 

An answer — spoken, written, drawn, or 
acted out m gesture — is the datum from 
which we ordinarily infer cognitive process 
The discussion thus far has been concerned 
primarily with the private mental processes 
of encoding, memory, geneiation of hypothe- 
ses, evaluation, and deduction Psychology 
uses public performance to make wise guesses 
about these processes This bnef section ad- 
dresses itself directly to the relation of per- 
formance to these cognitive constructs How 
faithful is the public response to the inferred 
cognitive structure? Among the psycholin- 
guists, this issue takes the form of the dif- 
ference between linguistic competence and 
language performance The transformational 
grammarian is concerned primarily with com- 
petence and often seems too little concerned 
with language behavior At one extreme, it 
is acknowledged that absence of a particular 
performance is always ambiguous as to mean- 
ing and cannot be taken as a reflection of 
the presence or absence of a structure But 
once a behavior occurs it is natural to ask 
what structure it serves or represents If a 
child says "sheeps” for "sheep,” or "wented” 
instead of "went,” does this error necessanly 
mean that he could not tell you that "went” 
is correct and "wented” incorrect? 

In many instances, incorrect performance 
does not signify deficient cognitions Consider 
an extreme example If a child of 4 is asked 
to draw a man as faithfully as possible, he is 
likely to draw the man’s arms attached to the 
head However, if the child is shown a draw- 
ing of a well-formed man and a drawing of 
one with arms emanating from the head and 
is asked to point to "the man,” the child 
quickly points to the correct representation 
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Competence leads performance At a less ob- 
vious level, some psychologists assume that if 
the child cannot reproduce a nonsense design 
(eg, an item from the Bender-Gestalt Test), 
he must have a perceptual deficit However, 
Birch and Lefford (1967) have shown, m 
elegant fashion, that a child who cannot re- 
produce a design has no trouble identifying 
the correct design when it is presented along 
with a group of similar ones Maccoby and 
Bee (1965) have also addressed themselves 
to this issue 

In the Birch-Lefford work, children 5 to 
11 years of age were asked to reproduce tri- 
angles and diamonds under five different con- 
ditions, ranging from no visual support to 
considerable visual support As expected, the 
quality of these reproductions increased with 
age These children were also given a senes 
of puiely perceptual tasks, where they had to 
match a geometnc form to a standard (per- 
ceptual analysis) or judge the equivalence of 
a geometnc form with a set of its component 
elements (peiceptual synthesis) Performance 
on both perceptual tasks increased with age 
However, the correlations, at any age, be- 
tween each of the two perceptual perform- 
ances and quality of repioduction were 
about 20 or lower The ability, or inability, 
to draw a simple geometric form is relatively 
independent of the ability to discriminate it 
from a set of similar forms — that is, to per- 
ceive it correctly The goal-directed motor 
action is not a faithful index of cognitive com- 
petence Of couise, when age groups were 
pooled, a positive association emerged be- 
tween quality of reproduction and perceptual 
performance But these positive coirelations 
are likely to be a derivative of more central 
growth parameters that produce increases m 
quality of all performances This study pro- 
vides the best empirical demonstration of the 
fact that perceptual-motor performance or 
giaphic reproduction of events provides a 
distorted view of cognitive competence, m 
much the same manner that quality of speech 
is unfaithful to richness of thought 

Children also differ m their preferred be- 
havioral reaction to difficult problem situa- 
tions Some persist, whereas others directly 
refuse to go on with the tasks, still others 
become quietly passive and neither speak nor 
act A recent study of 3-year-olds compared 
lower-class Puerto Rican children with mid- 


dle-class Caucasian children (Hertzig et al , 
1968) There were two interesting differences 
between the groups in then behavioral reac- 
tion to intellectual problems The middle-class 
children were more likely to work at a prob- 
lem than the Puerto Rican children More- 
over, when problems became difficult, the 
middle-class children were more likely to 
overtly shake their heads, say they couldn’t 
do it, or push the material away The Puerto 
Rican children frequently sat passively, saying 
or doing nothing These behavioral differ- 
ences held, even when pairs of children were 
matched on intellectual ability Differences in 
quality or style of public performance, al- 
though striking, may be misleading indexes 
of competence These isolated examples may 
be the rule rather than exceptions 

Another category of behavior includes spon- 
taneous responses to external stimuli, some- 
times called released behaviors by comparative 
psychologists A child hits a ball, grasps a mal- 
let, pounds clay, or smears paint These behav- 
iors are not untarnished reflections of cognitive 
structure, for each is fitted specifically to 
the target stimulus The hitting of the ball 
with the full hand, the graspmg of the mallet, 
and the pounding of the clay may be of the 
same dynamic significance Each appears dif- 
ferent to the observer because the act must 
be accommodated to the external object Each 
behavior is a result of cognitive structure and 
immediate context In order to infer the 
nature of the structure one has to separate 
and assess these vectors, a task for which 
psychology does not yet possess sufficiently 
sensitive procedures 

In sum, the child’s drawings, speech, and 
test responses are under the supervision of 
many factors A careless attitude toward a 
drawing can yield a poor reproduction, an 
inability to coordinate lines can yield a gross 
distortion of a public event, immature syntax 
can destroy effective communication of a 
well-formed idea Psychology is forced to re- 
main tied to public behavior as the major 
data base for inferring cognitive structure 
Test performance is the combined result of 
motivation, language, expectancy of success, 
preferred strategies for perceptual analysis, 
and reflection-impulsivity, to name only a few. 
Without separate controls (statistical or ex- 
perimental) or independent assessments of 
these constructs, the final performance is an 
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indeterminate index of each of them, or, in 
other words, a unique composite of them all 10 
The invention of analytic procedures for 
separate evaluation of the qualitatively differ- 
ent components of a public performance de- 
serves the highest priority m the future 

Field Dependence-Independence 

Although we have referred to the work of 
the Witkin group in passing, its coherence, 
influence, and scope warrant detailed treat- 
ment In many respects, Witkm's research 
can be considered the most serious attempt 
at construct validation with respect to a 
dimension of cognitive functioning The fol- 
lowing sections discuss the research in the 
Witkm tradition with special emphasis 
upon the criterion measures, developmental 
changes, relationships with ability indices, 
body concept, sex differences, personality cor- 
relates, social behavior, antecedents m parent- 
child mteraction, and cross-cultural evidence 

Criterion Measures. The Witkm group has 
relied heavily on three procedures for assess- 
ing an individuals level of field indepen- 
dence-dependence, alternatively called field 
articulation-diffuseness, analytic-global func- 
tioning, psychological differentiation 11 These 

10 This dilemma is inherent m all the empirical 
sciences The notion that a physical measurement 
always invokes the disturbance of the quantity 
being measured has long been appreciated m 
physics and found its most classic expression in 
Heisenberg's law of indeterminacy However, 
earlier m the century there was considerable re- 
sistance to this idea. 

11 We shall use the various labels interchangeably 
with the exception of “psychological differentia- 
tion," which reflects a particular theoretical con- 
ception of the phenomena under investigation, 
whereas the other constructs are more operation- 
ally descriptive and more directly tied to the 
actual performance of the subjects Since there 
is considerable controversy and ambiguity sur- 
rounding the construct of differentiation, the 
acceptance of Witkm's conceptualization would 
clearly prejudge the issue It should be further 
noted that Witkm's research on analytic func- 
tioning can be distinguished from that of Kagan 
(as discussed previously) with regard to both 
conceptualization and measurement procedures 
A critical discussion of these differences can be 
found in Wallach (1962) Empinoal evidence 
has been obtained on adult subjects, suggesting 
that Witkm’s EFT measure may relate to analytic 


three procedures are the Body Adjustment 
Test (BAT), the Rod-and-Frame Test 
(RFT), and the Embedded Figures Test 
(EFT) They constitute the core of Witkm’s 
assessment program We shall describe them 
in summary form, Detailed descriptions of 
the three procedures are available in the two 
Witkm et al (1954, 1962) volumes 12 

In the case of the Body Adjustment Test 
(BAT), the subject is seated m a tilted chair 
within a tilted room, and his task is to adjust 
his chair to the true vertical while the room 
remains tilted The deviation of the chair's 
adjusted position from the true upright con- 
stitutes the subject's score 

In the Rod-and-Frame Test (RFT), the 
subject is seated m a completely darkened 
room facing a luminous rod suspended within 
a luminous frame The subject is required to 
adjust the rod to the true vertical, when his 
body is tilted or upright, and when the rod 
and frame are tilted in the same or opposite 
directions The subject's score is the extent 
of absolute deviation of the rod setting from 
the true upright 

Finally, the Embedded Figures Test 
(EFT) consists of a senes of complex geo- 
metric figures in which a series of simple 
figures is embedded The test derives from 
an earlier mstrument ( Gottschaldt, 1926), 
but Witkin has made his test more difficult 
by supenmposing colored patterns over the 
simpler achromatic Gottschaldt figures The 
subject's score on the EFT represents the 
mean amount of time required to locate each 
of the simple figures 

Scores denved from the BAT, RFT, and 
EFT satisfy most psychometric standards for 
reliability Split-half reliabilities have ranged 
m the low 80s to high 90s, and test-retest data 
over a penod of 3 years have produced re- 
liability coefficients ranging from the 60s to 
the 80s. 

A more fundamental question concerns the 

functioning in Kagan's sense for those tasks (eg, 
conceptual learning) where analytic functioning 
is required for good performance, hut not for 
those tasks (eg, sorting) m which it is a stylistic 
preference ( Messick and Fntzky, 1963, Wachtel, 
1968) 

12 Sometimes the Figure Drawing Test is treated 
as a critenal measure, at other times as a corre- 
late For our purposes, the test will he considered 
a correlate in the domain of body-image 
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relationships among the three indices of field 
dependence Recent evidence (Witkm, Good- 
enough, and Karp, 1967) has indicated a 
substantial level of consistency for cross-sec- 
tional groups (age 8 to 21) The vast number 
of significantly positive correlations found m 
this work provides considerable justification 
for combming the three separate indices into 
a composite peiceptual index This procedure 
is typically followed m the work of the Wit- 
kin group 

This procedure may not be justifiable m 
non-Westem cultures, however Wober ( 1966, 
1967) found no relation between EFT and 
RFT performances in Nigerian men This 
lesult is explained on the basis of American- 
African differences m "sensotypes ” West 
African cultures place less emphasis upon 
visual analysis than do Western cultuies and 
concentrate more on the piopnoceptive skills 
involved in dancing and other forms of physi- 
cal expressiveness Since the RFT has pro- 
prioceptive features, wheieas the EFT is 
strictly visual, the RFT may be a better index 
of analytic ability m certain West African 
cultures In the Wober studies, RFT perform- 
ance was significantly related to "job effi- 
ciency” whereas the EFT was related to 
educational level The last relation reflects 
the test-like propeities of the EFT Consistent 
with Wober s observations of Nigerians are 
Gruen's (1955) findings on professional 
American dancers For the latter group, RFT 
measures with a proprioceptive component — 
that is, with body tilted — were unrelated to 
EFT semes 

Neveitheless, the measures developed by 
Witkm and his associates are reliable and 
cohere with one another in unselected Ameri- 
can subjects This raises the important issue 
of the psychological basis for the coherence 
A senes of alternative explanatory constructs 
has been proposed, with all but one eventu- 
ally being rejected on empirical grounds 
Thus Witkm has offered evidence against 
interpretations based on "perceptual accu- 
racy” and "body sensitivity ” Relevant to the 
latter, Witkm observed that performance m 
the BAT when the subject closed his eyes was 
not significantly related to his performance 
with eyes open Obviously, open or closed 
eyes should make little difference to a body- 
sensitivity hypothesis In due course, the cur- 
rent interpretation was accepted — the com- 


mon element in the three cntenal measures 
is the ability to overcome an embedding con- 
text The BAT, RFT, and EFT all require 
that something — body, rod, and geometric 
design, respectively — be separated from the 
field or context m which it is embedded Sub- 
sequently, Karp (1963) has demonstrated 
that the critical attribute of the item-field 
relation is embeddedness rather than distrac- 
tion Performance on a senes of tasks with 
distracting contexts generated one factor, 
whereas a different factor was found to load 
the three "embedding” tests (BAT, RFT, and 
EFT) Also congruent with the embedding 
notion is the indication that subjects in the 
tilted-ioom-tilted-chair situation, when asked 
to adjust the loom rather than their bodies 
to the upright, do not perform consistently 
in the two tasks Scores derived from the 
Room Adjustment Test (RAT) — deviation of 
the position of the adjusted room from the 
true veitical — were essentially unrelated to 
BAT scores and the other indices of differen- 
tiation Witkm et al (1962) have noted that 
the task of adjusting the room presents no 
problem of an item embedded m a field 
Rather, the subject has essentially been asked 
to cope directly with the position of the field 
itself 

Brief mention might also be made of the 
fact that RFT scores proved to be most satis- 
factory as an index when the chair was not 
tilted (Witkm et al, 1967) The Witkm 
gioup traces the difficulty undei chair-tilted 
conditions to Muller's (1916) E-effect, ac- 
cording to which subjects tend to perceive the 
upright as displaced in the direction opposite 
to body tilt It is not very clear, however, 
why individual differences m the E-effect 
should stand apart from differences in extent 
of field dependence 

From the peispective of the present chap- 
ter, it is especially important to note that the 
various procedures described have been em- 
ployed with children as young as 10 years 
of age for the EFT and 8 yeais of age for 
the BAT and RFT A children's form of the 
Embedded Figures Test (CHEF) appiopnate 
for subjects as young as 5 years of age has 
been developed by Goodenough and Eagle 
(1963) In this test, meaningful complex 
figures (eg, car, man, boat) are substituted 
for the abstract geometric designs of the 
standard EFT Again, the child is expected 
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to locate a simple figure embedded within 
the whole, where the whole lesembles a giant 
jigsaw puzzle A knob protrudes from each 
of the separate pieces of the puzzle, but only 
the piece corresponding to the correct simple 
figure is removable when the child pulls the 
knob The child's score consists of the number 
of items on which the correct knob is pulled 
first 

The reliability of the CHEF in 6- to 9-year- 
olds ranged from the high 50s to the low 80s 
For a sample of 10-yeai-olds, the CHEF 
yielded statistically significant conelations of 
46, 70, and 63 with the BAT, RFT, and 
EFT, respectively Thus the CHEF appears 
to be a valid index of field dependence at the 
10-year age level, although this does not in- 
sure, of course, that the same degree of 
validity applies for younger children Some 
support for such validity may be denved from 
the evidence that CHEF peiformance signifi- 
cantly improved from age 5 to age 8 Note, 
finally, that another version of a children's 
embedded-figures test (CEFT) is available 
whose psychometric pioperties are somewhat 
superior to the Goodenough-Eagle version 
(see Karp and Konstadt, 1963) 

Developmental Change. In the preceding 
section, high test-retest correlations weie of- 
fered as evidence for the reliability of the 
various field-dependence indices As the time 
between test and retest mcreases, the corre- 
lations are informative with respect to both 
the reliability of the instrument and the lel- 
ative stability of field-dependence level dur- 
ing the course of development Recently, 
Witkm et al (1967) have offered coefficients 
of stability foi two longitudinal gioups, one 
tested at ages 8 and 13, the other tested at 
ages 10, 14, 17, and 24 For both groups, all 
of the correlations were significant and sub- 
stantial, with rs langing from 48 to 92 
Hence a preadolescent child classified as field- 
dependent or field-mdependent (or of m be- 
tween status) has a quite high probability 
of being identically classified as a young adult 

The foregoing evidence implies that the 
relative position of an individual on Witkin's 
perceptual dimension remains fairly constant 
over a time span of as much as 14 years 
Is such stability also obtained in regard to 
an individual's absolute level over time? Wit- 
kin et al (1967) explored this question in 
both cross-sectional and longitudinal samples 


of children, adolescents, and young adults 
In the case of the cross-sectional data, the 
developmental curves reveal a progressive 
improvement m performance with increasing 
age up to 17, followed by a slight decline 
thiough age 21 This increase and subsequent 
decrease m level of field independence with 
chronological age was observed for all three 
indices — BAT, RFT, and EFT In the case 
of the longitudinal groups, only the RFT 
data were considered, since there is evidence 
for learning effects — knowledge of results be- 
ing available to subjects — in both the BAT 
and EFT (see Goldstein and Chance, 1965, 
Witkm et al , 1954) As m the case of the 
cross-sectional data, the longitudinal evidence 
also showed that maximal field independence 
was achieved at age 17 Unlike the cross- 
sectional evidence, however, no decline in 
RFT scores fiom age 17 to age 24 was found 
m the longitudinal data Witkm et al attrib- 
ute the diffeience in separate sets of data 
to the chaiacter of the young adults employed 
m the cioss-sectional studies Most weie stu- 
dents attending a local college and living at 
home, characteustics presumed to be asso- 
ciated with lowei field-independence levels 
This interpretation based on selection bias 
appears to be very reasonable Though a 
decline in field independence does seem to 
occur very late m life — geriatnc groups were 
highly field dependent (Schwartz and Karp, 
1967) — it is most unlikely that such a decline 
would begin m the early 20s 

In considering the implications of their de- 
velopmental findings, Witkm and his asso- 
ciates noted that both the family and the 
overall environmental settings of the longi- 
tudinal subjects were fairly stable over the 
14-yeai period in which they were studied 
Nevertheless, as those authors have also em- 
phasized, the period fiom age 10 to 24 is 
characterized by great personal change, in- 
cluding such events as puberty, lessened de- 
pendence on the family, choice of occupation, 
and, sometimes, marriage and the assumption 
of family responsibilities, Any psychological 
dimension that manifests so high a level of 
stability through so turbulent a period of life 
must surely be ranked as one of the most 
powerful continuities m the domain of human 
development, comparable m many respects 
to the observed stability of the IQ. However, 
one should not lose sight of the fact that the 
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stability of field independence is basically m- 
terindividual, not mtramdividual In other 
words, the subject maintains his position rel- 
ative to others At the same time he is pro- 
gressively increasing in field mdependence 
In a critique of Witkin’s work, Zigler 
(1963a, 1963b) has unfavorably contrasted 
Witkin’s emphasis upon continuity and stabil- 
ity with Werners and Piagets stress upon 
developmental change In actual fact, the dis- 
agreement may be more apparent than real, 
for most of Witkms research has employed 
children who have reached the age where 
many of the fundamental cognitive changes 
of development have already taken place 
Under any circumstances, however, it must be 
acknowledged that the course of development 
is distinguished by both continuities and dis- 
continuities A comprehensive developmental 
theory should be able to incorporate both the 
dimensional stability observed by the Witkin 
group and the changes m cognitive organiza- 
tion observed by Werner and by Piaget There 
is no a prion reason why one should be deemed 
more important than the other 
Relationships with Ability. One of the most 
controversial aspects of Witkin’s research con- 
cerns the role played by intelligence with 
respect to performance on the BAT, RFT, 
and EFT Evidence is available (Witkm et 
al , 1962) for 10- and 12-year-olds of signifi- 
cant correlations between field independence, 
on the one hand, and the Stanford-Binet and 
WISC total IQs, on the other However, in 
the case of the WISC specifically, the correla- 
tions were somewhat higher with the perform- 
ance scale than with the verbal scale With 
the view toward discovering whether the posi- 
tive link between total IQ and field indepen- 
dence might be "earned by” specific subtests 
of the WISC, a factor analysis was performed 
on a vanety of cognitive tasks including the 
WISG subtests and the three indices of 
field mdependence (Goodenough and Karp, 
1961) Three major factors emerged that 
were reasonably matched for 10- and 12-year- 
olds, The pattern of loadings of the various 
WISC subtests on the three factors corre- 
sponded in many respects to the outcomes of 
a previous factor analysis of the WISC (Co- 
hen, 1959), Factor I was labeled "verbal 
comprehension” by virtue of the substantial 
loadings for the Vocabulary, Information, and 


Comprehension subtests Factor II was des- 
ignated "attention-concentration,” given the 
substantial loadings for Digit Span, Arith- 
metic, and Coding Finally, Factor III was 
assigned the label "analytical field approach” 
on the basis of substantial loadings for Picture 
Completion, Block Design, and Object Assem- 
bly The RFT, BAT, and EFT also yielded 
fairly high loadings on Factor III 

Witkm et al (1962) present a convincing 
case for commonalities between the three 
WISC subtests loading Factor III and the 
three field-independence indices on the basis 
that all require the overcoming of an embed- 
ding context It is, in fact, the evidence of 
such correspondences across the intellectual 
and perceptual domains that prompted the 
redefinition of the major construct at issue as 
"analytic versus global field approach ” Field 
dependence-mdependence is presently consid- 
ered by the Witkm group as the perceptual 
component of the more pervasive cognitive 
style of analytic-global functioning 

Given the evidence that the field-depend- 
ence indices are negligibly loaded on the 
"verbal comprehension" and “attention-con- 
centration" factors, an argument can be made 
against Zigler’s (1963a, 1963b) contention 
that the significant link between field-depend- 
ence measures and general intelligence medi- 
ates most of the findings reported in 
j Psychological Differentiation It is doubtful 
whether our understandmg would be ad- 
vanced by reducing the constructs of field in- 
dependence and analytic functioning to an 
amorphous "general intelligence" construct 
which bears no conceptual relationship to any 
major psychological theory As long as most 
intelligence tests are constructed on the basis 
of intuitive hunch and psychometric item 
analysis, scores on such tests can hardly serve 
as the cornerstone of a major theoretical effort 
We are not implying, of course, that a g 
factor of intelligence does not exist In fact, 
we sympathize with Zigler’s suggestion that 
g should serve as a control variable when ex- 
amining relations between field-dependence 
indices and other variables The factor-an- 
alytic findings obtained by Cohen (1959) do 
show that the three WISC subtests loaded on 
Wit km’s "analytical field approach” factor are 
also substantially loaded on g Hence it would 
be of considerable interest to know how the 
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impressive array of findings obtained by the 
Witkin group would be affected by a statisti- 
cal control for the g factor 

More disturbing than the possible influence 
of g on analytic functioning is the evidence 
that such functioning may not be as indepen- 
dent of verbal skills as the Witkin group has 
claimed Crandall and Smkeldam (1964) ob- 
tained significant correlations m 10- to 12-year- 
olds among field independence and the three 
WISC subtests loading the ‘verbal compre- 
hension” factor Comparable results were 
found for young adults by Wachtel (1968) 
Note further that the intelligence subtest most 
, closely related to analytic functioning — Block 
Design — correlates between 27 and 54 with 
the Vocabulary subtest m normative data pre- 
sented by Wechsler (1949, 1967) Holtzman 
(1965) repoits similar evidence Although a 
case can be made against the partialhng out 
of the g factor on the grounds that some of 
its components are determined by the analytic 
dimension (and Witkin has tned to make such 
a case), no such argument can be applied 
where verbal skills are at issue The Witkin 
group has rejected the possibility of any the- 
oretical bridge between analytic functioning 
and the WISC verbal cluster Since field inde- 
pendence is sometimes empirically linked to 
verbal IQ, however, the control of verbal IQ 
becomes imperative when field independence 
is related to other variables 
We conclude our discussion of the ability 
area with a consideration of relations between 
mode of field approach and verbal skills con- 
sidered more generally Witkin et al (1962) 
demonstrated that the child's “verbal expres- 
siveness” as manifested m clinical interviews 
and TAT story telling bears no significant re- 
lationship to mode of field approach. How- 
ever, “cognitive clarity” indices, which pre- 
sumably circumvent the dimension of verbal 
expressiveness, were significantly related 
to field-independent functioning “Cognitive 
clarity” implies nothing more than the ability 
of the child to make his thoughts and ideas 
intelligible to the interviewer. 

Of particular interest in the present context 
is the question of whether a verbal task with 
the property of embeddedness taps the kind 
of cognitive style represented by Witkm's di- 
mension of analytic-global functioning, Such 
a task was employed m a study by Podell 
and Phillips (1959) It made use of an ana- 


gram format in which already meaningful 
words had to be broken up in order to form 
new words Performance on the task was not 
related to spatial decontextualization, a factor 
quite similar to Witkin’s perceptual mode-of- 
field-approach index Related to this outcome 
is the evidence that another verbal-embedded- 
ness task — Camouflaged Words — was not re- 
lated to the “adaptive-flexibility” factor 
delineated by Guilford, Frick, Christensen, 
and Merrifield (1957) This factor mcludes a 
variety of perceptual-restructuring tasks of the 
type used by Duncker (1945) and others 
The Gottschaldt test also loads on the factor 
Karp (1963) has subsequently shown that 
Guilford's adaptive-flexibility factor is strongly 
related to Witkin’s field-independence mea- 
sures 

In sum, verbal tests, even under conditions 
where they require that an embedding con- 
text be overcome, manifest no relation to 
mode of field approach It is evident, then, 
that “embeddedness” tasks with spatial, con- 
figural properties are most relevant to the kind 
of analytic functioning with which Witkin and 
his associates have been concerned The im- 
plication drawn by the Witkin group from 
their empirical evidence is that most verbal 
processes are of little relevance to psycho- 
logical differentiation It is this assertion that 
has provoked the most vigorous dissent from 
Zigler, who has noted that verbal ability (as 
reflected m mental age) is a prime indicator 
of level of differentiation m most develop- 
mental theories The relegation of verbal skills 
to a secondary role by the Witkm group forms 
the basis of Zigler's attack on their theoretical 
conceptualization of the differentiation con- 
struct Zigler argues that the procedures de- 
vised by Witkin and his associates reflect “de- 
contextualization,” a construct that can be 
subsumed under differentiation at a consid- 
erably lower level of abstraction We shall 
return to this point later m our final summary 
and evaluation of Witkm's contribution 

Body Concept In our review of the work 
of the Witkin group thus far, we have focused 
on procedures that assess the child's capacity 
to differentiate a field and to differentiate his 
body from a field. The present section con- 
cerns the child's articulation of the body con- 
cept itself, as reflected m drawings of the 
human figure The cognitive, intellectual as- 
pects of human figure drawing have been 
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recognized for a long time In 1926, F L 
Goodenough published the Draw-a-Man Scale 
as a test of nonverbal intelligence In contrast 
to this intellective emphasis, the initial use of 
figure-drawing procedures by Witkm and his 
associates (Witkm et al , 1954) was strongly 
influenced by Machovers (1949) approach 
Machover viewed figure drawing as a 
projective test capable of assessing such 
motivational constructs as anxiety, sexual 
identification, and self-confidence, In their 
more recent work, Witkm et al (1962) have 
employed the figure-drawing technique ex- 
clusively for the purpose of measuring the 
level of primitivity-sophistication of the child's 
productions, this is considerably closer to 
Goodenough’s original conception 
Assessment of the sophistication of body 
concept m Witkm et al (1962) was based on 
“the form level of the drawings, the extent of 
identity and sex differentiation of the figuies, 
and the level of detailing” (pp 119^121) 
Judges were required to use the foregoing 
three categories m making a global rating of 
sophistication of body concept on a five-point 
scale Satisfactory mterjudge reliability was 
obtained (r = 84) Highly significant corre- 
lations m 10- and 12-year-old boys were 
found between the sophistication-scale scores 
and perceptual mdex scores (a composite of 
BAT, RFT, and EFT) Sophistication of body 
concept was also significantly related to the an- 
alytic cluster of WISC subtests, but unrelated 
to the WISC verbal cluster 
In sum, fairly strong evidence exists to sup- 
port the proposition that children with an an- 
alytic field approach have more articulated 
body drawings than do children with a global 
field approach On the other hand, it must 
be granted that definitive evidence is lacking 
to support the claim that the child's figure 
drawings actually reflect his conception of his 
own body In fact, the pattern of correlations 
with mode of field approach did not differ 
very much when Goodenough's intelligence 
scale was substituted for Witkins sophistica- 
tion-of-body-concept scale Indeed, the two 
scales were highly correlated (r = 74, p < 
01) Hence a case can be made that the 
figure drawings are really tapping a facet of 
nonverbal intelligence, 

Personality and Motivational Correlates In 
the earlier phase of their work, Witkm et al 
(1954) conceived of an “active, coping” ver- 


sus “passive, submissive” relation to the en- 
vironment as the personality dimension most 
closely linked to field-independent versus 
field-dependent functioning, respectively The 
more recent book (Witkm et al , 1962) de- 
emphasizes the importance of a general ac- 
tivity-passivity dimension Diverse forms of 
activity are recognized Some are presumed 
to be relevant to field independence, others 
are presumed to be irrelevant Assigned to 
the irrelevant category is the type of activity 
represented by high energy level and/or 
motonc output Where activity assumes the 
hyperkinetic form suggestive of lack of im- 
pulse control, Witkm predicts a global field 
approach No empirical evidence relevant to 
this point is offered, however Where activity 
assumes the character of striving and as- 
sertiveness toward well-formulated goals, a 
relationship with an analytic field approach is 
anticipated A TAT assessment of the preced- 
mg type of “active attitude” was carried out 
in 10-year-old boys Stones were scored for 
assertiveness and counteraction (overcoming 
adversity) For neither variable was a stable 
relation with field independence obtained 

Witkm and his associates (1962) have also 
tested the proposition that an active or passive 
attitude would be expressed m the characteris- 
tic posture of the body One of the samples of 
10-year-old boys was photographed, with no 
special instructions given as to the pose to 
be assumed With the face blotted out, the 
posture of each boy photographed was evalu- 
ated on a four-point scale ranging from “ac- 
tive-assertive” stance at one extreme to 
“passive” stance at the other These ratings 
were significantly correlated with the field- 
independence composite, suggesting that 
“children with an analytic field approach tend 
to give evidence of greater readiness for ac- 
tion' than children with a global approach” 
(P 183) 

Although the findings from this (Witkm 
et al , 1962) study tend to confirm the hy- 
pothesized link between activity-passivity and 
field independence-field dependence, the evi- 
dence considered as a whole is unimpressive 
It should be emphasized, however, that 
Witkm and his associates have clearly relin- 
quished any claim to a simple, direct associ- 
ation of activity-passivity in the behavioral 
sense with mode of field approach Activity- 
passivity in overt behavior is multidetermined, 
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and, further, outwardly similar behaviors will 
often have quite different psychological mean- 
ings It is hardly surprising, then, that Wit- 
kins earlier (1954) formulation regarding the 
activity-passivity dimension has not held up 
well under subsequent empirical exammation 

Another attempt to show that modes of 
field appioach leflect deep-seated personality 
dispositions is found m the evidence concern- 
ing defensive structures Witkm et al ( 1962) , 
on the basis of their "differentiation” hy- 
pothesis, pioposed that children with an an- 
alytic field approach would tend to employ 
"complex, specialized defenses” (eg, mtellec- 
tualization, isolation), whereas children in- 
clined toward a global field aproach would 
tend toward the use of simple, primitive de- 
fenses (eg, repression, denial) Particular 
defenses and modes of field approach aie pre- 
sumed to develop m closely interlocking 
fashion Thus highly structuied defenses 
would be expected to contribute toward im- 
pulse control, which, in turn, might relate 
to the kind of attention regulation necessary 
to perform m an analytic manner Correspond- 
ingly, where primitive denial is a favored 
mechanism of defense, one might well expect 
the child to structure his experience m a 
vague, global manner 

The degree of structure of controls and de- 
fenses was evaluated m a sample of 10-year- 
old boys by means of a blind clinical analysis 
of protocols from three projective tests— the 
Rorschach, the TAT, and a figure-drawing 
procedure The 23 boys under study were 
classified on the basis of a five-point scale, 
ranging from low to high degree of defensive 
structure Correlating these ratings against 
the perceptual-index scores yielded a highly 
significant r of 61 This finding is supportive 
of Witkins hypothesis, but one still must con- 
sider the validity question Do the clinical 
projective-test ratings actually reflect the 
child’s defensive structure? 

Comparable validity problems arise with 
respect to further tests relating to modes of 
handling aggression and denial of aggressive 
stimuli m TAT imagery According to the 
Witkm group, field-dependent boys displayed 
more uncontrolled aggression and at the same 
time were less likely to perceive salient ag- 
gressive stimuli m the TAT cards than their 
field-independent peers. There is, of course, 
something of a contradiction m this outcome, 


which receives no acknowledgment from the 
Witkm group One might argue that denial 
occurs where the stimuli, though emotionally 
provocative, are relatively mild, whereas more 
impelling stimuli make denial impossible and 
consequently produce a breakdown in control 
mechanisms The validity pioblem arises, 
however, in the question of whether judges 
are, m fact, rating the protocols on the basis 
of maturity or personality integration The 
latter characteristics were claimed to be ir- 
relevant to the analytic-global style elsewhere 
m the Witkm et al (1962) volume Yet all 
of the projective data reported appear to at- 
tribute greater psychopathology to the field- 
dependent than to the field-independent child 
Part of the reason foi this is the absence of 
any empmcal inquiry into the hypothesized 
link between analytic functioning and employ- 
ment of such specialized defenses as mtel- 
lectuakzation and isolation 

Social Behavior Scattered through both of 
the published volumes by Witkm and his 
associates are numerous refeiences to studies 
that have reported differences m the social 
behavior of field independents and field de- 
pendents The large bulk of this research is 
based upon adult samples More recently, 
however, there have been a few published 
papers concerned with the social behavior of 
children m relation to their status on the field- 
dependence dimension 

Where adults are concerned (Witkm et al , 
1954), there is evidence suggesting that field 
dependence in perception is associated with 
passive, dependent interpersonal behavior 
Crandall and Smkeldam (1964) have ex- 
plored this issue m the case of a sample of 
children m the 6 to 12 age range Both de- 
pendent and achievement behaviors in free- 
play social situations were assessed A relation 
between an achievement orientation and per- 
ceptual field independence was anticipated, 
on the grounds that the EFT measure of 
perceptual field independence (the measure 
employed by Crandall and Smkeldam) was 
saturated with achievement cues Hence 
achievement-oriented children would be ex- 
pected to perform at a higher level on the 
EFT than those children less preoccupied 
with achievement Three types of social be- 
havior indicative of dependence on adults' — 
instrumental help seeking, affection seeking, 
and recognition-approval seeking — were ex- 
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amrned in relation to EFT performance Sim- 
ilarly, Crandall and Sinkeldam explored the 
relation between field independence and four 
lands of achievement behavior — concern with 
motor mastery, time alone on tasks, inde- 
pendent achievement efforts, and task persist- 
ence Since the three indices of dependent 
behavior and the four indices of achievement 
behavior yielded two relatively homogeneous 
clusters (m terms of the pattern of correla- 
tions), overall dependency and achievement 
scores were also derived 

One methodological feature of the Cran- 
dall-Sinkeldam study is especially worthy of 
note Since IQ was significantly correlated with 
field independence and with some of the 
social behavior ratings, the major relationships 
at issue were examined with IQ controlled 
by means of parhal-correlation procedures It 
will be recalled that the Witkjn group did not 
employ such procedures, a fact that served 
as one of the major criticisms leveled against 
their work by Zigler With both age and in- 
telligence controlled, dependent social be- 
havior was only minimally related to percep- 
tual field dependence 15 The dimension of "af- 
fection seeking from adults” yielded a 
marginally significant correlation with EFT 
performance From one point of view, such 
findings can be considered as damagmg the 
construct validity of the field-dependence 
construct On the other hand, Witkin has 
stressed the multidetermmacy of overt social 
behavior As Witkin etal (1962) have noted. 

In children recognition-seeking may signify 
primarily a need for support from others and so 
be interpreted as socially dependent behavior, 
or it may signify primarily a strong interest m 
mastery In the conceptualization of socially 
dependent behavior it seems useful to deline- 
ate the contributions of extent of sense of 
separate identity, active-vs-passive attitude, 

18 It can also be argued that field independence 
affects level of performance on particular sub- 
tests of intelligence, and therefore controlling for 
total IQ is not entirely justified The Witkin 
group, of course, would favor such an argument 
Within the context of the Crandall-Sinkeldam 
findings, however, the foregoing issue is not too 
important, for the overall pattern of results does 
not change much when IQ is statistically con- 
trolled 


nature of emotional involvement with others, 
and kinds of motivation (p 187) 

The achievement behavior variables, in 
contrast to the variables of dependent be- 
havior, were substantially related to percep- 
tual field independence (with age and IQ 
statistically controlled) Only the dimension 
of “time alone on tasks” failed to share m 
the overall relationship 

Respondmg to a suggestion by Witkin that 
the meaning of the testmg situation may not 
be the same for younger and older children, 
Crandall and Smkeldam report separate 
analyses for these groups based on a median 
age split It was expected that the testmg 
situation might prove to be difficult for 
younger children, thereby evoking depend- 
ency needs, on the other hand, older children, 
being more accustomed to testmg, might 
bring an achievement orientation to bear on 
the task The results generally did not sup- 
port Witkin s suggestion Dependent social be- 
havior was unrelated to field dependence in 
both age groups, and achievement-oriented 
behavior was related to field mdependence in 
both younger and older children 

As we have indicated, the absence of an 
association between perceptual field depend- 
ence and dependence m free-play social be- 
havior constitutes something of a challenge 
to Witkins position We also observed, how- 
ever, that the free-play situation may not be 
an ideal setting for testing the hypothesis at 
issue, given the multidetermined nature of 
behavior under such conditions A study by 
Konstadt and Forman (1965) has examined 
the effects of field dependence upon depend- 
ency-related behavior in an experimentally 
controlled setting Fourth-grade children 
selected from the extremes of the CEFT score 
distribution were given a letter cancellation 
test under conditions of experimenter ap- 
proval and disapproval Statements of ap- 
proval or disapproval were offered orally by 
the experimenter at frequent intervals during 
the testmg session The statements had no 
connection with the subjects' levels of per- 
formance on the assigned task Konstadt and 
Forman anticipated that the field-dependent 
children would exceed their field-independent 
peers in sensitivity to the experimental condi- 
tions, It was expected that such differential 
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sensitivity would be manifested both in level 
of performance on the task and in the orienta- 
tion toward peers and experimenters as re- 
flected in looking behavior during task 
performance 

The results were generally consistent with 
the preceding hypotheses There was a sig- 
nificant tendency in the direction of poorer 
performance from field-dependent children 
under disapproval relative to approval con- 
ditions No such discrepancy was obtained in 
the case of the field-independent children 
With regard to the number of times subjects 
gazed at some other person m the room, 
there was significantly more “looking” be- 
havior for field-dependent than for field- 
independent children, but only under the 
condition of experimenter disapproval A sig- 
nificant interaction effect with condition order 
was also obtained Field-dependent children 
under the disapproval condition looked at 
others more when they experienced this con- 
dition after having experienced approval than 
when the order of the conditions was re- 
versed 

In sum, both the test-taking and the looking 
behavior of the children suggested that field 
dependents were more disrupted by an un- 
favorable emotional climate than were field 
independents The dependent group appears 
to be more externally directed, m the sense 
that their cognitive-affective behavior is dif- 
ferentially influenced by the positive or 
negative social cues emitted by others Thus 
in order to demonstrate a relationship be- 
tween field dependence and behavioral 
dependency it was necessary to create a situ- 
ation m which social rewards were withdrawn 
or replaced by punishments Such circum- 
stances are not ordinarily found m free-play, 
and this may account, in part, for the differing 
outcomes of the Crandall-Sinkeldam and 
Konstadt-F orman studies 

Antecedents* Consider now the evidence of- 
fered by Dyk and Witkin (1965) and Witkin 
et al (1962) on antecedents of field depen- 
dence in parent-child relationships Interviews 
were conducted with the mothers of the boys 
under study For one of the samples, the boys 
were 14 years of age when their mothers were 
interviewed, m the other two samples, the 
mothers were interviewed when their sons 
were 10 years old, A variety of indicators 


was employed for evaluating the interview 
data The characteristics of tihe mother as a 
person and the nature of her interaction with 
her son were among the areas measured In 
the former category, the major indicators con- 
cerned the mothers sense of self-assurance 
and self-realization in life In regard to inter- 
action with the child, the indicators focused 
on training for independence and trainmg for 
control of aggressive behavior Ratings made 
on the separate indicators were used to make 
an overall global judgment of the mother as 
“fostering or inhibiting differentiation”, that 
is, mothers were placed m one of two groups 
corresponding to these classifications Where 
there were conflicting signs for the separate 
indicators, the global judgment was based on 
the “overall impact of the evidence” 

Correlations between the sons* perceptual 
index scores and the global rating of the in- 
terview data provided by mothers were sta- 
tistically significant and very high The point 
biserial rs were 85 and 65 m the 10-year-old 
"samples and 82 m the 14-year-old sample 
It would thus appear that mothers of field- 
independent and field-dependent boys interact 
with their children in a manner that fosters 
one or the other cognitive orientation The 
exceptionally high magnitudes of the correla- 
tions, however, arouse suspicion that the re- 
lationships noted may have some spurious 
basis Zigler has, m fact, offered an interpreta- 
tion along such lines Given the fact that the 
interviewer necessarily had to discuss the son’s 
behavior with the mother, it was highly prob- 
able that the interviewer could accurately 
categorize the child as field dependent or field 
independent Such an inference would come 
naturally to a trained rater or interviewer 
and could readily have biased the global judg- 
ments m a direction consistent with the 
judgment of the child’s status on the field- 
dependence dimension Although there is 
likely to be some relation between the moth- 
er's attitudes and behavior, on the one hand, 
and her child’s style of cognitive functioning, 
on the other, the actual magnitude of such 
relationships must remain uncertain. It is, of 
course, no simple matter to remove this type 
of contamination as long as the interviewer 
wishes to obtain information from the mother 
concerning her child-reanng attitudes and 
methods A step in the right direction would 
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be a systematic analysis of the individual in- 
dicators that comprise the final global judg- 
ment 

Witkin and his associates (1962) have in- 
dicated some awareness of the difficulties 
surrounding the use of global impressions and 
have accordingly employed additional meth- 
ods to ascertain the influence of the mother 
on the cognitive functioning of her son Thus 
the field-dependence level of mothers was as- 
sessed and then examined m relation to that 
of their own sons The Witkin group antici- 
pated a positive relationship between the 
field-dependence scores for mother-son pairs 
The basis for such a hypothesis rested on the 
assumption that field-dependent mothers, by 
virtue of their attitudes and behavior, would 
create the kind of home climate likely to in- 
hibit the development of field independence 
in their sons, whereas mothers who were field 
independent would foster differentiation m 
their sons Confirmation of the hypothesis 
would be a fact of considerable importance, 
for, unlike the interview data, there is no pos- 
sibility of contamination in the present case 
However, a positive association would not 
conclusively establish the role of the family 
environment as a mediating factor 

One set of mothers was given a shortened 
form of the EFT and a figure-drawing test 
approximately 2 to 3 years after their initial 
interview The testing took place m the home 
situation under less-than-ideal conditions De- 
spite this shortcoming, the EFT and sophisti- 
cation of body concept were significantly cor- 
related m the sample of mothers 14 Further, 
these scores related significantly to the inter- 
view classification of mothers as “facilitators 
or inhibitors of differentiation’' m their chil- 
dren EFT scores did not relate significantly 
to the interview data, however The sophisti- 
cation-scale scores taken from the mothers' 
figure drawings were also significantly cor- 
related with the various criteria of analytic 
functioning m the sons On the other hand, 
the corresponding correlations for mothers' 
EFT scores did not achieve statistical sig- 
nificance Witkin et ah (1962) attribute the 
low predictive value of the mothers' EFT 

14 Though it is correlated with EFT, one can 
question the use of figure drawing as an index of 
analytic functioning if the latter is to be concep- 
tualized as the ability to overcome an embedding 
context 


performances to the difficulties in test ad- 
ministration Conceivably, the EFT might be 
tapping a factor other than mode of field 
approach when administered under the spe- 
cial conditions that exist m the home In sum, 
the hypothesis that the mother's mode of field 
approach will correspond to that of her son 
received only partial support Regrettably, 
one cannot tell whether the cognitive similar- 
ity between mother and son is, m fact, quite 
weak or whether the lmk is really quite strong 
but vitiated by the special assessment condi- 
tions that prevailed m Witkm's research 

A fundamental question left unanswered 
by the work of the Witkin group on parent- 
child antecedents concerns the role of the 
father in fostering or inhibiting “differentia- 
tion” in the child Recall further that Witkm's 
research into the possible family origins of an 
analytic versus a global field approach has 
been based exclusively upon boys Corah 
(1965) has attempted to fill m the gaps by 
examining the field-dependence levels of both 
mothers and fathers m relation to the field- 
dependence levels of both sons and daughters 
Corah selected 30 boys and 30 girls (ranging 
in age from 8 to 11 ) from 60 middle-class fam- 
ilies The EFT and figure-drawing procedures 
were used to assess field dependence in both 
parents and children The CEFT (Karp and 
Konstadt, 1963) rather than the standard EFT 
was administered to the children Age and IQ 
were regressed out of the field-independence 
indices before the parent-child correlations 
were computed The correlational pattern 
when EFT, or CEFT, and figure drawing 
were combined into a single index assumed 
the cross-sex form (le , the field-dependence 
scores of mothers and sons and of fathers 
and daughters were positively and signif- 
icantly associated) The same-sex correlations 
were nonsignificant 

The Corah results are clearly consistent 
with those reported m Witkin et al , but at 
the same time they introduce a new compli- 
cating element Why the relation between 
parent and child m regard to the analytic- 
global dimension should assume the cross-sex 
form is not easily explained Corah has pro- 
posed that it is the opposite-sexed parent who 
attempts to foster the appropriate sexual iden- 
tification in the child But independent evi- 
dence for such an asseition is lacking, and, 
furthermore, the theoretical link between an 
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“appropriate sexual identification” and field 
independence is not at all clear 

Other relevant evidence can be brought to 
bear on the issue Bien (1960) explored the 
relation between field dependence, on the 
one hand, and parental identification and ac- 
ceptance of authority, on the other, in a 
sample of college men and women Field 
dependence was assessed by the EFT, 
parental identification was assessed by the 
degree of similarity of self-ratings to mother- 
and father-ratings on a semantic differential, 16 
acceptance of authority was assessed with 
the Bales-Couch AA scale, which has been 
shown by Bieri and Lobeck (1959) to cor- 
relate highly with the F scale (Adorno, 
Frenkel-Brunswik, Levinson, and Sanford, 
1950) 

The findings obtamed by Bien (1960) that 
are of particular interest concern the simul- 
taneous effects of AA level and parental 
identification upon field dependence For 
males, gi eater field independence occurred 
when low AA was combined with mother 
identification Females, by contrast, mani- 
fested the highest level of field independence 
m the combined presence of low AA and 
father identification Thus the cross-sex feature 
of Corahs (1965) results finds some parallel 
in the outcomes of Bieri's research Bieri has, 
in addition, provided some insight into the 
psychological mechanisms that may mediate 
the cross-sex, parent-child associations in the 
domain of field dependence-independence At 
the same time, caution should be exercised 
m interpreting Bien s results, given the ex- 
ceedingly small Ns that result when AA and 
identification variables are treated simul- 
taneously 

In the research descnbed thus far, the large 
majority of subjects had both parents m the 
home during the formative years What would 
be the effect of the father s absence from the 
home on level of field dependence? This 
question was explored m a study conducted 
by Barclay and Cusumano (1967) These au- 
thors proposed that father absence would 
have a differential effect on the son's overt as 
opposed to covert masculine identification 
It was expected that the boy's sex-role con- 

16 It is rather doubtful that such an assessment 
gets at the essence of the identification concept 
Nothing more is implied m the present context 
than perceived similarity to a parent 


flict produced by growing up in an exclusively 
matriarchal setting would lead to a compul- 
sive denial of feminme tendencies, with the 
resultant consequence of no difference be- 
tween father-absent and father-present boys 
m extent of overt masculine identification 
This expectation was confirmed in a sample of 
40 adolescents (with a mean age of 15) 
divided into 20 father-absent and 20 father- 
present boys matched on age, grade point 
average, IQ, and socioeconomic status In the 
father-absent group, no real or surrogate 
father had lived m the subjects' homes after 
the boys had achieved 5 years of age No 
significant differences emerged between the 
groups on the Gough (1957) Femininity 
Scale from the California Psychological In- 
ventory Similarly, no significant differences 
were observed on a semantic differential re- 
quiring ratings of self, father, and mother In 
sum, extent of overt masculine identification 
was no less in father-absent than in father- 
present boys 

The second hypothesis formulated by Bar- 
clay and Cusumano asserted that father-absent 
boys, in contrast to father-present boys, would 
reveal their sex-role conflicts at a deeper, 
more basic level m the form of a passive, 
field-dependent orientation The RFT was ad- 
ministered to all of the adolescents partic- 
ipating m the study Comparison of the RFT 
performance of the father-absent and father- 
present boys indicated a significantly higher 
level of field dependence in the father-absent 
group It should be further noted that both 
groups were equally divided into white and 
Negro adolescents, with Negroes yielding 
higher levels of field-dependence than whites 
Race did not interact significantly with the 
variable of father presence versus absence 

In sum, the data are highly consistent with 
the Barclay-Cusumano hypotheses There is 
somewhat more incongruity, however, be- 
tween the outcomes of the Barclay-Cusumano 
research and the results of studies considered 
earlier. It will be recalled that the cross-sex 
identification of the son with the mother under 
certain conditions was associated with greater 
field independence Recall further that field- 
dependence levels of sons were correlated 
with those of their mothers, not their fathers 
Now, we observe that the absence of the 
father from the home does have a significantly 
depressing effect on a male child It is, of 
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course, also possible that the results can be 
attributed to the altered character of the 
mother role m the father s absence Conceiv- 
ably, the mother is forced to play a more 
harshly authoritarian role m the father s ab- 
sence, a factor which might inhibit the growth 
of an analytic or a field-independent style m 
the child Of great relevance m this regard 
is the Witkm et al (1962) evidence indi- 
cating that mothers classified as “inhibiting 
differentiation” claimed that their husbands 
did not participate m decisions about their 
sons’ raising Such evidence is also consistent 
with Seders (1957) observation that fathers 
were more likely to be the disciplinarians for 
field-independent boys, whereas mothers filled 
the disciplinary lole for field-dependent boys 

It is difficult to comprehend why Barclay 
and Cusumano did not repoit the correlations 
between their overt and covert indices These 
could be very helpful m understanding the 
processes at work For example, did the boys 
with the greatest hypermascuhnity at the 
level of overt identification also yield the 
highest levels of field independence? In other 
words, aie the relationships across the covert 
and overt indices positive, negative, or ran- 
dom? Were the relationships similar or dif- 
ferent for the father-present and father-absent 
groups? Such important questions remain un- 
answered m the Barclay-Cusumano report 

It is now apparent that the issue of sex dif- 
ferences is closely intei twined with the 
problem of parent-child antecedents of field- 
dependent behavior In the section that 
follows we shall confront the matter of sex 
differences directly 

Sex Differences. There now exist several 
dozen studies which have reported that males 
perform better than females on the EFT, 
RFT, and BAT measures of field indepen- 
dence The relevant studies are cited m Mao 
coby (1966) The greater field independence 
of males, though generally achieving statisti- 
cal significance, is of relatively small magni- 
tude Withm-sex variation m field dependence 
is very substantial The consistent small dif- 
ference observed between males and females 
has become something of a cause c&Ubre m 
the personality-cognition area, as various 
genetic, physiological, learning, and cultural 
factors have been advanced to account for 
the apparent sexual inequality We shall con- 


sider these diverse interpretations m due 
course 

To begin on a cautionary note, it should 
be stressed that sex differences in field de- 
pendence have not been observed m children 
in the 4 to 8 age range (Goodenough and 
Eagle, 1963, Maccoby et al , 1965) , nor have 
sex differences been obtained in geriatric 
groups (Schwartz and Karp, 1967) Occa- 
sionally, sex differences have not been ob- 
tained in college samples (eg, Bien, 1960) 
Differential sex selectivity — the greater per- 
centage of eligible boys than girls who go on 
to higher education — would tend to operate 
against the emergence of a sex diffeience at 
the college level Girls who entei a college 
or univeisity may be considerably more field 
independent than their peers who settle for 
a high school diploma Thus sex differences 
are likely to be most pronounced between 
the upper elementary school grades and the 
last year of high school It might be noted 
that these are the years when sex-role dif- 
ferentiation shows a pronounced mcrease 

In an effort to reduce withm-sex relative 
to between-sex variance m field-dependence 
scores, certain investigators have gone beyond 
the simple, biological sex distinction to an 
examination of sex-role identification The 
availability of masculinity-femininity scales 
(eg, Gough, 1957) has naturally fostered 
this trend Regrettably, little relevant research 
has been carried out on samples of children 
The most definitive study (Vaught, 1965) is 
based on college students Vaught examined 
RFT performance in males and females as a 
function of sex-role identification (assessed 
with Gough, 1952, femininity scale) and ego 
strength (assessed with the Barron, 1953, ego- 
strength scale) Vaught hypothesized that the 
presence of high ego strength — a dimension 
closely linked to self-esteem — would tend to 
reinforce associations between masculinity 
and field independence and between feminin- 
ity and field dependence 

Although significant mam effects were ob- 
tained favoring males over females, masculine 
identifiers over feminine identifiers, and high 
ego-strength subjects over low ego-strength 
subjects in level of field independence, the 
significant triple 'interaction among these 
three components is the finding of major in- 
terest For males, low ego strength was as- 
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sociated with field dependence, high ego 
strength with field independence, regardless 
of sex-role identification For females, m con- 
trast, high ego strength was associated with 
field mdependence in the presence of low 
or medium feminine identification, but high 
ego strength combined with high femininity 
yielded extremely high field-dependence 
levels 

Vaught bases his mterpietation of his find- 
ings on Sarbm and Jones’ (1955) contention 
that ego strength reflects role-taking ability 
Feminine males and masculine females are 
presumed to represent unstable role identities, 
with the consequence that ego strength be- 
comes the major determiner of mode of field 
approach Where biological sex and sex-role 
identification are consistent, on the other 
hand, ego strength is presumed to be of lesser 
importance in regard to field dependence 

It is of interest to compare Vaught’s find- 
ings with Bien’s (1960) evidence on cross- 
sex identification with parents m relation to 
field dependence The findings are reasonably 
consistent for female subjects if one can as- 
sume that a masculine identification and high 
ego strength are in some way equivalent to 
identification with the father and a less au- 
thoritarian outlook 16 Those are the conditions 
in the respective studies that are associated 
with field independence m females The con- 
sistency is somewhat less pronounced for male 
subjects, however It will be recalled that 
Bieri found the highest levels of field mde- 
pendence in mother identifiers with a nonau- 
thontanan orientation Vaught obtained 
relatively high field-independence levels in 
high-femimmty males with high ego strength, 
but the low-femimnity males were somewhat 
more field independent overall On the whole, 
the correspondences between the studies are 
encouraging, for neither sex-role and parental 
identification, on the one hand, nor ego 
strength and nonauthoritariamsm, on the 
other, can be treated as equivalents The 
fundamental point demonstrated by both the 

16 The link between ego strength and low 
authontanamsm finds strong support m the re- 
search of Jensen (1957), who has found that 
‘prejudiced, authoritarian persons have less well- 
developed ego defenses and thus are more ex- 
posed and vulnerable to psychological stress * 

(p. 310) 


Bien and the Vaught studies is that a good 
part of the variance m field dependence left 
unexplained by biological sex differences can 
be accounted for on the basis of psychological 
variables relevant to sex role The evidence 
that cross-sex-typing contributes to field in- 
dependence m females is quite strong There 
is greater ambiguity regarding the advantage 
of cross-sex-typing for males on field mde- 
pendence, although data can be found in 
support of such an inference 

The foregoing discussion of sex differences 
has been based on the presumption that sta- 
tistically significant differences between the 
sexes on EFT and RFT, for example, neces- 
sarily imply that boys are, indeed, more field 
independent and analytic, whereas girls are 
more field dependent and global In a pro- 
vocative paper, Sherman (1967) has senously 
questioned whether such implications can m 
fact be drawn Her argument, in brief, runs 
as follows There is considerable evidence to 
suggest that the RFT and EFT (or the highly 
similar Gottschaldt figures) are significantly 
correlated with tests of spatial ability (Gard- 
ner, Jackson, and Messick, 1960, Podell and 
Phillips, 1959, L L Thurstone, 1944) 
Females have been shown to perform more 
poorly than males on spatial tasks even when 
there is no embedding context to be over- 
come Reviews of this literature are available 
m Anastasi (1958) and L E Tyler (1965) 
Males are better than females m the spatial 
area because cultural sex-typing provides the 
male with more opportunities to practice 
spatial tasks With adequate training, girls’ 
spatial ability could be improved, with con- 
sequent declines m alleged field dependence 
and globality That is the sum and substance 
of Sherman’s case She offers a strong argu- 
ment for sex-typed learning as the basis for 
the observed sex differences 
Sherman’s paper is important and hence 
deserves additional, more critical considera- 
tion It is difficult to dispute the point that 
spatial ability may be contaminating the mea- 
sures of analytic-global functioning If spatial 
tasks without properties of embeddedness are, 
nevertheless, substantially correlated with 
Witkm’s dimension, it is impossible to invoke 
the argument that an analytic style pioduees 
a higher level of spatial ability It will be 
recalled that the Witkm group, with some 
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justification, claimed that an analytic style 
was responsible for superior performance on 
WISC subtests highly loaded on the analytic 
factor Recent research, m line with Ziglers 
(1963a, 1963b) criticisms, has controlled for 
IQ when relating field-dependence indices to 
other measures (eg, Barclay and Cusumano, 
1967, Crandall and Smkeldam, 1964) Sher- 
mans observations laise the issue of the pos- 
sible value of statistically removing the spatial 
component from the field-dependence mea- 
sures when they are related to other variables 
It would be of great value to know whethei 
the dimension of analytic versus global field 
approach is inextricably tied to a configuial or 
spatial task format If the statistical removal 
of the spatial element should serve to elim- 
inate theoretically anticipated lehtions be- 
tween field dependence and other variables, 
it would be most difficult to defend the over- 
coming of an embedding context as the crit- 
ical aspect of the construct at issue As we 
previously noted, performance on the cntenal 
measures of field dependence boie no relation 
to performance on a verbal task with the prop- 
erties of embeddedness Hence it has already 
been demonstrated that the capacity to cope 
with an embedding context is not a sine qua 
non for analytic functioning as defined by 
Witkm and his associates 

Consider next the differential-practice argu- 
ment to account for the female’s inferiority 
in the spatial domain To quote Sherman 
(1967) “Boys as a group spend more time 
m aiming activities and games, model con- 
struction, building with blocks and later with 
other materials It seems very likely that these 
activities are involved m the development 
of spatial skills" (pp 295-296) Maccoby 
has challenged such an explanation on the 
grounds that there is no evidence for it The 
following quote from Maccoby (1966) is 
particularly instructive 

It is true that if one watches nursery school 
children at play, one is more likely to find 
boys building with blocks and girls placing 
doll funnture m a doll house or pretending to 
cook with beaters and bowls, but it is difficult 
to see why one of these kinds of object manip- 
ulation. should lead to greater spatial ability 
than the other We know little about what 
kinds of learning experiences are involved 
when a child dissects stimuli (as the analyt- 


ical, field-independent child does) instead of 
responding to them globally, but it is difficult 
to see why sheer quantity of stimulus ex- 
posure should make a difference beyond a 
certain point (pp 41-42) 

In defense of Sherman, it should be noted 
that sex differences m field dependence are 
not evident at nursery school age, but rather 
emerge m the middle years of elementary 
school It is not inconceivable that sex-typed 
activities assume a more spatial character for 
boys than for girls over time As Sherman has 
noted, girls tend not to gravitate toward shop 
work, car tmkeung, model building, and map 
leading It is doubtful whether feminme- 
onented tasks exist which call upon spatial 
skills to the same extent, but once again we 
are in the realm of conjecture 
The most dissonant evidence with respect 
to the hypothesis of masculine sex-typing of 
spatial activities derives from a study by 
Ferguson and Maccoby (1966) on the inter- 
personal correlates of differential abilities 
From a large population of fifth-grade chil- 
dren, these authors selected a sample of boys 
and girls who showed marked discrepancies 
among veibal, number, and space abilities 
on the T G Thurstone (1958) Primary Men- 
tal Abilities Test The interpersonal character- 
istics of these children were assessed by self- 
report questionnaires and peer ratings Of 
special interest in the context of the present 
discussion is the personality of the boys and 
girls high in spatial ability but relatively low 
m number and veibal ability Such differential 
spatial ability was associated with cioss-sex- 
typmg m both boys and girls For boys with 
relatively high spatial relative to verbal ability, 
the peer ratings pointed to a behavior pattern 
of low aggression, low masculinity, and low 
mastery, and a high level of withdrawal Con- 
sonant with the low masculinity ratings was 
the self-report evidence indicating a low score 
on the Sex-Role Acceptance Scale Girls high 
m spatial ability, in contrast to the boys, scored 
higher m overt aggressiveness (peer ratings) 
and were less anxious about expressing ag- 
gression (self-report data) These findings are 
clearly paradoxical If high spatial ability is a 
leflection of distinctly masculine sex-typed ac- 
tivities, it is difficult to comprehend why the 
boys judged least masculine should have the 
highest scores on spatial ability, while at the 
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same time the high space girls manifest much 
masculine-oriented behavior Such outcomes 
cannot easily be reconciled with Shermans 
differential-practice hypothesis, at least as far 
as boys are concerned 

It will be recalled that some evidence was 
found to support the idea that identification 
with the mother might enhance field indepen- 
dence m males (Bieri, 1960) But such proc- 
esses of identification m college-age men 
seem quite far removed from the patterns of 
overt behavior manifested by the preadoles- 
cent boys with differentially high spatial 
ability m the Ferguson-Maccoby investiga- 
tion One clue to the puzzle is that the char- 
acteristics of the child high m spatial ability 
may be as much a function of his deficits as 
of his strength The high-space children were 
simultaneously low in number and verbal 
ability Conceivably, children who perform 
well on the EFT and the RFT have high 
number and/oi verbal ability as well as strong 
spatial capacity If this could be demon- 
strated, one would be forced to conclude that 
an analytic field approach involves more than 
simple spatial ability 

The most relevant evidence is presented by 
Bien, Biadbum, and Galinsky (1958) who 
obtained substantial and significant correla- 
tions between EFT performance and mathe- 
matical ability (SAT-M) m college men and 
women If such a correlation should also be 
present m children, it would necessarily have 
been eliminated m the Ferguson-Maccoby 
study by virtue of the manner m which the 
children in their sample were selected Of 
considerable interest in this regard is the evi- 
dence that boys with differentially high num- 
ber ability received high masculinity ratings 
from their peers. To the degree, then, that 
numerical ability is separated from spatial 
ability by differential selection procedures, the 
latter may simply not manifest the kind of 
close link to Witkin's analytic-global dimen- 
sion proposed by Sherman (1967) 

Another point of contrast between spatial 
ability and analytic functioning m the Witkin 
sense can be noted in the sociometric findings 
of the Iscoe and Carden (1961) study 
Among sixth-grade boys, those scoring the 
highest on the EFT measure of field inde- 
pendence were the most frequently chosen 
by their peers on affective and work criteria. 
Ferguson and Maccoby, it will be recalled. 


found that their high space boys were low in 
masculinity and high in social withdrawal 
These are hardly the characteristics likely to 
contribute to a preadolescent male's popular- 
ity and influence with his peers Where sixth- 
grade girls are concerned, Iscoe and Carden 
observed a significant sociometric preference 
for those with a global field approach Thus, 
for girls, the data on field dependence and 
spatial ability are m agreement Whether a 
girl is high in field independence or m spatial 
ability, she is likely to manifest more mas- 
culine qualities, and this inappropriate sex- 
role behavior might be expected to reduce her 
popularity and influence with saxne-sexed 
peers Iscoe and Carden also found that anx- 
iety level was unrelated to EFT performance 
m boys, but field-independent girls relative to 
their field-dependent peers expressed more 
anxiety symptoms on the Children's Manifest 
Anxiety Scale (Castaneda, McCandless, and 
Palermo, 1956) The causal direction of this 
relation cannot be definitely established, but 
a reasonable conjecture is that the unpopular- 
ity of the more masculine, field-independent 
girls contributes to the symptoms reflected m 
the CMAS 

To continue the comparison of spatial and 
analytical ability, consider the matter of train- 
ing The evidence on this point with regard 
to an analytic field approach has been largely 
negative (eg, Elliott and McMichael, 1963, 
Wolf, 1965) In contrast, spatial visualization 
has been shown to improve during engineering 
study (Blade and Watson, 1955) and by 
means of programmed instructional tech- 
niques (Bnnkmann, 1966) Such efforts have 
been quite intensive and prolonged, and their 
success raises the issue of whether the train- 
ing failures m analytic, field-independent 
functioning might have been due to the 
brevity or inadequacy of the training pro- 
cedures employed It would be of interest to 
observe whether intensive training m spatial 
visualization would enhance field indepen- 
dence on Witkm’s three cntenal tasks Such 
an outcome would serve to reinforce the view 
that the spatial component is a critical aspect 
of Witkins dimension 

Cross-Cultural Findings. Within the past 
few years, data relevant to the field-depen- 
dence dimension have been collected m a 
number of primitive non-Western cultures 
Witkin (1967) has recently reviewed this 
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cross-cultural evidence Its importance can 
hardly be exaggerated, given claims by Wit- 
km and others that certain kinds of family 
influences and cultural sex-role differences 
contribute to greater or lesser field depen- 
dence Primitive societies with diverse child- 
rearing practices and norms of sex-typed 
behavior constitute a “natural laboratory” for 
tests of some of Witkm's major hypotheses 
Consider first the research of Dawson 
(1967a, 1967b) m Sierra Leone (West 
Africa) As Dawson (1967a) has pointed out, 
the tribal social oiganization and child-reanng 
methods m Sierra Leone “place considerable 
emphasis on values of conformity, group re- 
liance, maintenance of authority, polygamy 
and strict discipline” (p 116) Such values 
should, m line with Witkm's hypothesis, con- 
tiibute to high levels of field dependence 
Dawson describes the way m which Temne 
children m Sierra Leone who resist their 
elders* wishes are accused of bemg “affected 
by witchcraft” and are accordingly punished 
An additional featuie of the Sierra Leone 
cultural scene is die polygamous family group, 
which forces the mother to assume a dominant 
role in raising her children The adequacy 
of the father as a role model for the son is 
limited, given the responsibilities of the father 
toward other wives and children 
Within the overall pattern of parent-child 
relations m Sierra Leone, further variations 
can be distinguished Thus parents can be 
expected to show some variation m disciplin- 
ary strictness Dawson (1967a) had his sub- 
jects (male skilled workers aged 20-24) rate 
their mothers and fathers as “very strict,” 
“fairly strict,” or “not so stnct ” These cate- 
gories of strictness were significantly related 
to field dependence (assessed with die EFT 
and Kohs Blocks) for mothers but not for 
fathers Thus, consistent with Witkm’s hypoth- 
esis, those males who felt that they had been 
subjected to very strict discipline by their 
mothers (implying a pattern of maternal 
dominance) were moie likely to have higher 
field-dependence scores 

Further corrobozatmg data for the influence 
of maternal dominance on field dependence 
come from a comparison of subjects drawn 
from the Temne and Mende tribes m Sierra 
Leone (Dawson, 1967a) In contrast to the 
Temne mother, for whom extreme dominance 
and strictness is the norm, the Mende mother 


is considerably less dominating and more per- 
missive and encouraging of individual initia- 
tive m her child Consistent with expectations, 
a comparison of young adult males from the 
Temne and Mende tribes revealed the Temnes 
to be significantly more field dependent than 
the Mendes on the EFT These results clearly 
strengthen the proposition that field inde- 
pendence in the son will be inhibited or 
facilitated as a function of the degree to 
which his mother encourages individual initia- 
tive and independence 

In a subsequent paper, Dawson (1967b) 
factor analyzed the data from his Sierra Leone 
samples Of particular interest m the present 
context is a powerful factor with positive 
loadings (m the field-independent direction) 
for EFT, Kohs Blocks, three-dimensional per- 
ception of pictures, general intelligence, and 
educational achievement Maternal dom- 
inance and prefeience for tiaditional (as op- 
posed to Western) values yielded substantial 
negative loadings The relatively high loadings 
for intelligence and education are disturbing, 
and one must regret that these variables were 
not held constant or regressed out of the field- 
dependence scoies when relations with child- 
rearing vanables were examined 

The variable “three-dimensional perception 
of pictures” refers to the capacity to attribute 
depth when viewing two-dimensional pic- 
tures Hudson (1960) reported that many 
Africans lacked this capacity, possibly as a 
consequence of lack of exposure to pictorial 
materials Dawson included Hudson's mate- 
rials m his research These materials consist 
of a set of pictures containing vanous objects, 
where the subjects' task was specifying which 
of a number of objects was closer m distance 
to another object The relation between per- 
formance on this test and on the EFT again 
highlights the role of spatial factors in regard 
to the field-dependence dimension 

We turn now to a cross-cultural comparison 
of field dependence m the Temne from Sierra 
Leone and the Canadian Eskimo (Berry, 
1966) The Eskimo offer a sharp contrast to 
the Temne on a number of ecological and 
cultural vanables The Temne exist m a 
physical environment characterized by a di- 
versity of vegetation of variegated color 
Farming constitutes the main occupation, 
hence there is little need to stray from the 
fixed paths through the bush, By contrast, the 
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Eskimo inhabit a bleak environment dis- 
tinguished by minimal variation m color 
Given an environment of fanly uniform visual 
stimulation and a dependence on hunting for 
subsistence, the Eskimo must, in order to 
survive, develop certain perceptual skills 
They must learn to discriminate very slight 
variations m their physical environment, and 
they must develop an articulated view of open 
space so that they can orient themselves rela- 
tive to the objects around them More geo- 
metric-spatial terms are available m Eskimo 
than in Temne language Further, the Eskimo 
are noted for their soapstone sculpture, their 
graphics, and then map -making skills, activi- 
ties that are quite alien to the Temne The 
figure drawings made by Eskimo children ac- 
tually appear to be more articulated than those 
produced by a comparison group of American 
children (Hams, 1963) 

The diffeience in socialization practices be- 
tween the Temne and the Eskimo is partic- 
ularly stnkmg We have already discussed the 
strong emphasis on seventy of discipline and 
conformity pressures m the case of the 
Temne Children m the Eskimo culture, on 
the other hand, are generally the recipients 
of unconditional love and approval, are rarely 
punished (even verbally), and are able to 
manipulate parents into granting their wishes 
The child is encouraged fairly early m life to 
assume responsibility for his welfare Given 
these striking differences between child-rear- 
ing practices in the two cultures — differences 
that appear relevant to Witkin's conceptuali- 
zation of the forces inhibiting or facilitat- 
ing differentiation — Berry (1966) predicted 
higher field-dependence levels in Temne sub- 
jects and lower field-dependence levels in 
Eskimo subjects 

For both the Temne and Eskimo, Berry 
selected samples living m relatively isolated 
rural areas (the “traditional” group) and 
samples living in more urban, Western-type 
environments (the “transitional” group) Males 
and females were sampled equally from all 
four groups In addition, Berry sampled 
equally from five age groups 10 to 15, 16 to 
20, 21 to 30, 31 to 40, and over 40 Within 
the traditional and transitional categories, the 
Temne and the Eskimo had comparable levels 
of formal education For control purposes, 
two Scottish samples, comprised largely of 
farmers and manual workers, were also se- 


lected for study Consistent with the tradi- 
tional-transitional comparison, one sample was 
drawn from a small farming village, the other 
from a city 

Four tests of a spatial character — EFT, 
Kohs Blocks, Mornsby Shapes, and Raven 
Matrices — were administered to all subjects 
Virtually all of the correlations between the 
four tests in the six samples were statistically 
significant and substantial Sherman's (1967) 
assertions regarding the spatial aspects of Wit- 
kin's construct are clearly confirmed m Berry's 
work Comparison of the Temne and Eskimo 
separately for “traditional” and “transitional” 
samples yielded highly significant diffeiences 
on all four of the tests described A great gulf 
was found between the Temne and the 
Eskimo, with hardly any overlap m scores 
between the two groups The Eskimo clearly 
exceeded the Temne m field independence 
and spatial ability, furthermore, they came 
very close to matching the performance of 
the Scottish samples 

Although it is hardly surprising that the 
transitional Temne were more field indepen- 
dent than the traditional Temne, the fact of 
superior performance m tiansitional relative 
to traditional Eskimo is rather puzzling The 
ecological requirement of highly articulated 
space should be considerably less marked for 
Eskimo who live on a trading post and engage 
m limited hunting than for those who live m 
small camps and rely entnely on hunting for 
a livelihood The transitional Eskimo, of 
course, have had more formal education than 
their traditional counterparts, hence they may 
well have developed the test-taking attitudes 
that contribute to better performance The 
need for a finely articulated perception of 
space in conducting one's livelihood obviously 
contributes to doing well on spatially oriented 
tests Nevertheless, tests of any sort do require 
that the subject sit fairly still for an extended 
period of time, focusing his attention on the 
task at hand Such experience is not entirely 
foreign to the westernized Eskimo with a 
few years of schooling Also contributing to 
the observed difference between more rural 
and more urbanized groups, according to 
Witkin (1967), is the selective migration of 
relatively field-independent persons to pop- 
ulated areas. Note should be taken, finally, of 
Vernon's (1965) claim that Eskimo coming 
from the most isolated Arctic communities 
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performed better on spatial tests than those 
living in closer contact with whites Ob- 
viously, more research is needed to resolve 
these discrepancies 

We turn, finally, to the matter of sex dif- 
ference within the context of culturally pre- 
scribed sex-role-typing Berry has pointed out 
the sharp contrasts between Temne and 
Eskimo societies m the way females are 
treated Unlike the Temne, who exercise very 
firm control over wives and children, the 
Eskimo allow their women and children a 
considerable degree of autonomy Consistent 
with these cultural differences, the Temne 
males were found to be significantly more 
field-mdependent than the Temne females on 
most of the tests employed Comparable sex 
diffeiences were observed m the Scottish 
groups, but no sex differences of any con- 
sequence were obtained from the Eskimo 
samples This result was replicated m another 
sample of Eskimo by MacArthur (1967) In 
sum, thedBerry and the MacArthur data con- 
stitute strong evidence for the proposition that 
sex differences m field dependence may be 
largely a function of social-role influences 

We conclude the present section with a 
bnef consideration of the nature-nurture issue 
The Eskimo have lived m the same environ- 
ment over a long period of time in relative 
sexual isolation from other groups Given the 
adaptive importance of an articulated mode 
of functioning m the harsh environment of 
the Eskimo, differential selection on that at- 
tribute may have taken place No such adap- 
tive selection was ever necessary in the highly 
articulated Temne environment It is doubtful, 
however, whether such evolutionary inter- 
pretations will prove theoretically useful m 
the present context Of much greater rel- 
evance is the evidence of strong associations 
among the ecological demands of a culture, 
socialization practices and their consequences 
for sex-i ole-typing, and the level of field de- 
pendence typical of the culture On the whole, 
this cross-cultural evidence is quite congruent 
with the outcomes of American investigations 
concerned with the effects of parent-child 
interaction and sex-role identification upon 
level of field dependence It appears that 
Witkm’s twofold classification of mothers as 
either inhibiting or facilitating differentiation 
has its analogue at the level of primitive, 
homogeneous cultures 


It has been shown that field dependence 
m the Temne has as much adaptive, survival 
value as field independence in the Eskimo 
Each mode of field appioach fits the eco- 
logical requirements of the particular culture 
What are the ecological requirements of the 
American culture? It is commonly assumed 
that there is wide heterogeneity in such re- 
quirements as a function of a host of demo- 
graphic variables Accordingly, can one justify 
a value bias in favor of field-independent 
functionmg? No conclusive answer to the 
question is possible, of course, but we shall 
speculate about it a bit more in the process 
of a final summing-up of the contnbution of 
Witkin, his co-workers, and other investiga- 
tors whose work has been inspired by the 
Witkin group 

Evaluative Summary To begin with the 
positive, there is no doubt that the Witkin 
team has uncovered and empirically exploited 
an exceedingly important dimension of per- 
ceptual-cognitive functionmg Its importance 
derives m large part from its fertility the 
dimension is not confined to perception but 
impinges upon cognition, intelligence, per- 
sonality, and social behavior The boundaries 
between these various domains — so often 
treated m isolation fiom one another m psy- 
chology — are shown to be exceedingly per- 
meable m Witkm’s research The analytic- 
global dimension, m Witkm's hands, has 
become a major organizing principle around 
which many aspects of the child's functionmg 
have been shown to cluster In other words, to 
describe a child as analytic or field indepen- 
dent as opposed to global or field dependent 
is to provide a huge amount of information 
about that child The constructs developed by 
the Witkin group have considerable ‘surplus 
meaning ” 

On the negative side, issue can be taken 
with the decision of the Witkin group to use 
"differentiation" as their major unifying con- 
struct Zigler (1963a, 1963b) has proposed 
that the dimension at issue might have been 
better labeled "spatial decontextuahzation/' 
after Podell and Phillips (1959) Such a 
proposal has a great deal of merit, given the 
evidence that the field-articulation principle 
is manifested largely on spatial tasks. Cer- 
tainly, there is nothing in the differentiation 
concept as formulated by Lewin or Werner 
to suggest that its field of applicability is 
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limited to the spatial domain On the other 
hand, as we have noted, performance on Wit- 
km’s spatial tasks does relate to areas of pei- 
sonal functioning that have no relation what- 
ever to spatial decontextualization Some 
organizing principle was obviously needed to 
tie the diveise sets of variables together The 
Witkm group chose the differentiation con- 
struct to serve this organizing function Per- 
haps the link between the wide variety of 
processes examined and the construct of dif- 
ferentiation was largely metaphorical, as Zig- 
ler has claimed Nevertheless, the preference 
for differentiation over spatial decontextualiz- 
ation may have some [justification, given the 
limited geneiahty of the lattei construct Still 
another term might have been superior, but 
there are as many disadvantages to coining 
new labels as theie are m refurbishing old 
ones 

The conti oversy ovei the differentiation 
issue between Zigler and the Witkm group 
can probably be traced to the Witkm group’s 
presumption that all processes relevant to 
differentiation can be incorporated within 
their definition of that term Yet it must be 
admitted that processes with little or no rela- 
tionship to Witkm s differentiation cluster are 
nevertheless subject to Weinei’s orthogenetic 
principle That principle, it will be recalled, 
simply states that development proceeds from 
a relatively global state to one of diflfeientia- 
tion, articulation, and hieraichic integration 
As stated, the principle is sufficiently general 
to accommodate verbal and numerical as well 
as spatial-analytic capacities Thus the evi- 
dence that verbal-numerical processes are 
only weakly related to spatial-analytic ability 
m the work of Witkm and his associates can- 
not mean that verbal-numerical processes do 
not follow Werners mam developmental prin- 
ciple Rather, such findings must necessarily 
mean that the Witkm group has examined a 
particular form of diflfeientiation, perhaps the 
most important and most highly generalized 
form, while choosing to ignore other forms 

Paradoxically enough, the data reported by 
Witkm and his co-workers are consistent with 
Werner’s views on multilinear development, 
for certain cognitive capacities obviously fol- 
low a different route than that taken by 
spatial decontextualization, One is hardly 
justified m attacking Witkm for choosing this 
route, given the enormous payoff m significant 


findings that ensued The alternative research 
strategy of pursumg all possible paths simul- 
taneously is hardly viable 

The dispute ovei the differentiation issue 
appears to be partially semantic On the one 
hand, differentiation was originally defined 
by Werner as a heuristic principle that does 
not lend itself to expenmental acceptance or 
refutation, its value lies m the network of 
constructs geneiated by it For Witkm, on the 
other hand, differentiation has become an 
explanatory, higher-order construct capable 
of tying together a diverse set of lower-level 
dimensions The point worth noting amidst all 
of the heated controversy is that the validity 
of Witkm’s findings would not be diminished 
if then oiganizmg principle were designated 
by a term other than differentiation It is 
perhaps unfortunate that the Witkm group 
chose a term that implicates vanegated mean- 
ings and levels of absti action But the ulti- 
mate value of Witkm’s work will almost cer- 
tainly rest on the significance of the further 
research it generates, rather than on the 
specific explanatory construct in favor at the 
present time 

Apart fiom its theoretical implications, Wit- 
kin’s work is of practical import, particularly 
to those working m educational fields There 
is a strong tendency for teachers in our ele- 
mentary schools to value verbal and number 
skills The Witkm team has pointed to another 
domain of intellectual functioning likely to 
be ignored by the schools, which is neverthe- 
less highly relevant to the child’s modes of 
thinking, feeling, and acting A recent paper 
(Witkm, Faterson, Goodenough, and Bim- 
baum, 1966) has shown some boys deemed 
mentally retarded to be nevertheless approxi- 
mately average relative to their age group in 
field-articulation capabilities, a fact that might 
be put to valuable educational use Also in- 
structive is the high level of field indepen- 
dence m Eskimo with minimal levels of formal 
education Recall that there were no material 
differences m field dependence between 
Eskimo and Scots, despite the educational op- 
portunities open to the latter 

In sum, it would appear that formal school- 
ing tends to develop verbal-numerical capaci- 
ties, whereas the development of an articu- 
lated mode of field approach may be under 
the influence of early family experience Wit- 
km (1967) has proposed that programs for 
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the culturally disadvantaged have neglected 
the issue of the development of field indepen- 
dence and have instead focused on the en- 
hancement of verbal skills The paradoxical 
elements in the equation are the fact that 
cognitive capacities determined by early fa- 
milial factois would be most difficult to modify, 
and, furthermore, the more disadvantaged 
children, on the basis of Witkm’s evidence, 
already manifest the least deficit m the an- 
alytic area. Of course, the presence of particu- 
lar cognitive strengths, as we have seen, 
does not imply that they will be recognized 
by the important educational agents m the 
child's life Nevertheless, one is faced with 
the difficult choice of devising piograms of 
educational value that capitalize upon the 
existent analytic strengths of the child or that 
attempt to oveicome the moie glaring de- 
ficiencies m the child's repertoire of cognitive 
skills 

It is m the forgoing problem that one con- 
fronts the basic value dilemma mheient m 
Witkin’s system Can one really claim that 
field independence fiom the point of view of 
ecological requirements and societal needs is 
more socially relevant and useful than field 
dependence? Solid evidence exists that field 
dependents are more alert to social stimuli 
They do better than field independents, for 
example, m tasks that requne the incidental 
memory of social words (Fitzgibbons, Gold- 
berger, and Eagle, 1965) and the memory for 
faces (Messick and Damann, 1964) Groups 
of field-dependent males are able to achieve a 
unanimous consensus in significantly less time 
than is required by field-independent groups 
(Wallach, Kogan, and Burt, 1967) Field de^ 
pendents are probably more skilled at the art 
of interpersonal accommodation, field inde- 
pendents are better able to resist the influence 
of others When one reflects upon the adap- 
tive requirements of our heterogeneous Amer- 
ican culture, it is far from evident that 
the field-independent orientation is best suited 
to the needs of the future In situations where 
social groups are m conflict over means, 
goals, and values, a cognitive style that facil- 
itates fine articulation and sensitivity to the 
social environment may be considerably more 
helpful than a cognitive style encouraging 
articulation of the self and of external physical 
space, Before one begins to tram children 
for field independence, then, the value dilem- 


mas described must clearly be spelled out, for 
the long-term adaptive significance of a field- 
articulated cognitive orientation has not been 
definitively established 

Ipsative Analysis of Cognitive Functioning 

All of the research discussed m the present 
chapter thus far has concerned itself with 
the description and interpretation of inter- 
individual differences for various cognitive 
dimensions Broverman (eg, 1960a, 1960b) 
has favored the ipsative, intraindividual 
analysis of data, that is, individual differences 
derived fiom the relative status of different 
functions within people Thus when a large 
battery of tests is administered to a sample of 
subjects, it is feasible to express a particulai 
individual’s score on each test as a deviation 
from his overall mean score across all of the 
tests Such an analysis has the effect of re- 
moving something like the intellectual g factor 
from a set of test data It is beyond the 
scope of the present chapter to discuss the 
relative psychometric merits of ipsative versus 
normative measurement procedures Such a 
discussion is available elsewheie (Broverman, 
1962, 1963, MacAndrew and Forgy, 1963, 
Ross, 1963) An obvious difficulty with an 
ipsative approach is the fact of noncom- 
parability between Broverman’s work and the 
bulk of the research carried out by otheis, 
despite the use of identical cognitive tasks 
The fact remains, however, that Broverman’s 
research is of considerable substantive in- 
terest, and since some of it is based on 
adolescents and children, the relevant portions 
cannot be omitted from any comprehensive 
account of cognitive styles m children 

A set of 30 tests — some more perceptual- 
motor, others more conceptual m nature — 
was administered to a sample of 103 pairs of 
male and female adolescent twins (Brover- 
map, 1964) The use of twins does not appear 
to be of any particular significance A factor 
analysis of the ipsatized scores yielded two 
bipolar factors The first factor was defined 
positively by the three scores from the Stroop 
test — speed of reading color words, naming 
color hues, and reading incongruously colored 
words (interference) — and by speed of tap- 
ping a simple pattern on the L, L Thurstone 
(1944) Two Hand Coordination Test 
Loaded negatively on the factor were the 
Gottschaldt Test, the Kohs Blocks, and the 
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Primary Mental Abilities Space and Reasoning 
subtests Broverman has labeled the factor 
“automatization,” given the positive loadings 
for simple verbal and motonc tasks The tests 
that load negatively on the factor are strongly 
suggestive of Witkins field articulation dimen- 
sion 

The second ipsative factor was defined 
by positive loadings on the Primary Mental 
Abilities subtests of Verbal Meaning, Word 
Fluency, and Reasoning A variety of tapping 
tasks and telegraph key operations yielded 
negative loadings on the second factor The 
contrast between the conceptual and the per- 
ceptual-motor is very distinctly drawn 

The two factors obtained m the adolescent 
sample were quite comparable to those de- 
rived from two adult samples Thus the two- 
factor, bipolar pattern reported by Brover- 
man seems to reflect stable contrasts m styles 
of cognitive functioning There are, however, 
ambiguities m the outcomes of Brovermans 
investigations Particularly astonishing is the 
evidence that the kinds of interference rep- 
resented by the Stroop and the Gottschaldt 
have opposite effects on individual perform- 
ance Broverman (1964) attempts to ex- 
plain this paradoxical outcome m terms of the 
role of the conflicting cues in the two tasks 
In the Stroop, the correct stimulus attribute 
(the color m which the color name is printed) 
is directly perceptible, and the subject must 
suppress the strong, overleamed habit of 
reading the color words In hidden-figures 
tests of the Gottschaldt type, the correct stim- 
ulus element is not directly perceptible, but 
rather must be discovered and extracted from 
an embedding context One must giant that 
the two tasks at issue do pose quite different 
problems for subjects, but it is, nevertheless, 
a sunrise to find the tasks located at the op- 
posite extremes of a bipolar factor 

The interpretation of Brovermans autom- 
atization factor could be extended along 
motivational lmes If weak automatization is 
essentially Witkm's field-independence dimen- 
sion, it is conceivable that this automatization 
factor is not a cognitive or motor deficit, but 
rather a reflection of the field-independent's 
lack of motivation to work hard at an unin- 
teresting, repetitive task We already know 
that field independence is associated with 
less conformity (eg, Jackson, 1958, Linton, 
1955, Linton and Graham, 1959,* Rosner, 


1957) Field independents may simply fad to 
take a repetitive motor task very senously 
and hence not put forth their best effort This 
intei pretation is sheer conjecture, of course 
Further research is quite clearly needed 

Broverman (1964) has attempted to relate 
the automatization factor to life performance 
in the case of adult samples Data were avail- 
able on the occupations of both the subjects 
(males) and their fathers These were con- 
verted to occupational levels by means of the 
Holhngshead (1957) scales Strong automa- 
tizers had achieved higher occupational levels 
than weak automatizers, despite the absence 
of any difference m years of education and 
oveiall intelligence Furthei, the strong autom- 
atizei’s occupational level manifested a 
sharp rise relative to fathers occupational 
level No such increase was obtained for weak 
automatizers Again, if weak automatizers are 
truly field independents, Bi overmans data 
stand in sharp contrast with other evidence 
pointing to a significant, positive link between 
field independence and achievement motiva- 
tion (eg, Crandall and Smkeldam, 1964) 
However, one must not lose sight of the fact 
that comparisons between normatively and 
ipsatively designed studies are not entirely 
legitimate 

We conclude our coverage of Broverman’s 
work with a bnef discussion of two additional 
pieces of research based on adolescents and 
children In the first (Broverman, Broverman, 
Vogel, Palmer, and Klaiber, 1964) the autom- 
atization style was related to adolescent 
physical development m a sample of 16-year- 
old male students Seventeen body measure- 
ments were obtained No overall height or 
weight differences between strong and weak 
automatizers were observed, but the strong 
automatizers did have significantly shorter 
necks and legs and significantly wider shoul- 
ders than did the weak automatizers The 
former group also possessed more body hair 
and shaved moie frequently than the latter 
group 

Broverman and his associates explain the 
observed physical differences on the basis of 
the higher androgen levels m strong automa- 
tizers, the consequence of which is a more 
rapid rate of physical maturing Furthermore, 
a higher androgen level is presumed to en- 
hance resistance to muscular fatigue, thereby 
accounting for the superior performance of 
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the stiong automatizers on repetitive motor 
tasks Such a physiologically based intei preta- 
tion stands in obvious contrast to the pro- 
posal advanced earlier to the effect that weak 
automatizers (field-independent individuals) 
are not concerned about doing well on a tedi- 
ous motor task 

The attempt to explain cognitive function- 
ing m terms of physiological maturity and 
androgen level can be considered a precursor 
of a subsequent effort (Broverman, Klaiber, 
Kobayashi, and Vogel, 1968) to account for 
sex differences m cognition on the basis of 
physiological, hormonal sex diffeiences A 
great deal of evidence is offered (some of it 
from the animal behavior hteiature) in sup- 
port of the view that females do bettei on 
simple peiceptual-motoi tasks, whereas males 
exhibit superior perfoimance on perceptual- 
restructuung tasks In the words of Brover- 
man et al (1968), “We hypothesize that the 
sex differences m cognitive abilities are reflec- 
tions of differences m relationships between 
adrenergic activating and cholinergic inhibi- 
tory neural processes, which, in turn, are sen- 
sitive to the gonadal steroid ‘sex' hormones, 
andiogens and estrogens” (p 24) Perform- 
ance on the two tasks at issue — perceptual- 
motor and perceptual-restructuring — can ap- 
parently be manipulated by pharmacological 
hormonal agents that affect the adrenergic- 
cholinergic neural balance 

An array of evidence from diverse sources 
is brought forth by Broverman and his co- 
workers m support of a physiological basis foi 
sex differences m cognitive functioning In- 
deed, one is mildly astonished at so massive 
an effort m the service of explicating sex dif- 
ferences that are, after all, quite small m 
magnitude As we have already demonstiated, 
sex-role identity may account for as much, if 
not more, of the variance m analytic func- 
tioning than does biological sex as such It is, 
of course, feasible that the neuial and hor- 
monal processes described by the Broverman 
group have a direct impact upon sex-role- 
typing. An examination of such a possibility 
might be highly informative 

It will be recalled that Broverman et al 
( 1964) associated strong automatization with 
physiological characteristics of maleness In 
Broverman et al (1968), the emphasis is 
placed on male superiority on perceptual-re- 
structuring tasks and female superiority on 


automatized tasks The earlier study linked 
weak automatization (high capacity for per- 
ceptual-restructuring) with a slower rate of 
physiological maturation as reflected, for ex- 
ample, m less hirsuteness One is reminded 
here of the Feiguson-Maccoby evidence dis- 
cussed earlier of lower masculinity m boys of 
high spatial ability There are distinct re- 
semblances between the Feiguson-Maccoby 
method of subject selection and the ipsative 
approach favoied by Broverman Indeed the 
fiist can be considered an ipsative analysis 
based on extreme groups It is surely no ac- 
cident, then, that the outcomes in the two 
cases at issue are reasonably congruent and 
different fiom results obtained in studies using 
the traditional normative methods 

We turn, finally, to a study of automatiza- 
tion m fourth-grade male children by Blum 
and Broverman (1967) Automatization was 
assessed with a variant of the Stroop test (the 
strong pole) and with vanous perceptual-re- 
structunng tests (the weak pole) Regrettably, 
it was meiely assumed that the bipolar factor 
that had been observed m adolescents and 
adults would emeige m children Though this 
might well be so, empirical verification would 
have been highly desirable A significant cor- 
relation was obtained between the automatiza- 
tion variable and the tendency to pei severe 
with the same lesponse m a test derived from 
the concept of rigidity or intolerance for am- 
biguity This latter test consisted of a set of 
cards m which a cat was slowly transformed 
into a dog, and vice veisa Strong automa- 
tize s generally persisted with their ongmal 
verbal report beyond the point m the series 
where the weak automatizers had shifted 
While acknowledging that their results might 
be suggestive of greater intolerance for am- 
biguity or ngidity m stiong automatizers, 
Blum and Broverman derive little comfort 
from such a conclusion They argue, m fact, 
that maintenance of an original response dur- 
ing stimulus change may be “evidence of cog- 
nitive flexibility, since the individual is then 
including new and diverse stimulus relations 
within his ongmal concept” (p 101) Such an 
argument is not at all persuasive and merely 
suggests the need to make the current evi- 
dence congruent with earlier results pointing 
to the adaptive value of strong automatization 
Broverman has maintained that the greater 
the extent to which routine tasks and activ- 
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lties are automatized, the moie energy will be 
available for coping with tasks of a novel, 
concentration-demanding type One can cer- 
tainly question the usefulness of such an en- 
ergic conception m the domain of cognitive 
functioning Given the inverse relation be- 
tween strong automatization and field artic- 
ulation m perceptual structuring, we can only 
note with amusement that Broverman and 
Witkm place high value upon distinctly differ- 
ent, if not opposed modes of cognitive func- 
tioning 

One firm conclusion can be drawn from the 
studies cited m the present section Until in- 
vestigators begin to analyze then data both 
normatively and ipsatively (a rather unlikely 
and not necessarily desirable event), Brover- 
man s work will be exceedingly difficult to 
articulate with the mainstream of lesearch on 
cognitive styles 

THE ROLE OF MOTIVES, STANDARDS, 
EXPECTANCIES, AND ANXIETY 

The heart of this chapter has been a de- 
scription of the dimensions that seem to be 
helpful in accounting for reliable variation in 
the interpretation, storage, and transfoimation 
of information This task was the chapter's 
central mission, Howevei, it is not altogether 
inappropriate to append a brief discussion of 
the dynamic forces that initiate and maintain 
cognitive effort These forces include, at a 
most general level, motives, standards, expec- 
tancies and anxiety over possible failure 

Earlier generations, wedded closely to Hull, 
Freud, and the nineteenth-century mechanists, 
did not wish to conceive of any action or 
thought without its special antecedent cause 
The concepts of drive and need or motive be- 
came psychology’s tianslation for force and 
cause , respectively Natural observations of 
infants and the technically more elegant neu- 
rophysiological data have recently forced the 
important acknowledgment that some psy- 
chological and biological systems have their 
own spontaneous activities whose production 
does not depend upon deprivation, alteied 
homeostasis, or impingement of external stim- 
ulation There are many aspects of cognitive 
processing that proceed without a special mo- 
tive or drive The infant spontaneously fixates 
a figure that moves or possesses high contour 
contrast He may cry over a discrepancy from 


an acquired schema The infant does not 
want to behave m this mannei, he does not 
need to do so, he does Newly hatched duck- 
lings follow the first moving object they see 
There seems to be neither practical noi theo- 
retical profit in postulating a motive to follow 
the imprinting object 

Similarly, the child learns much from his 
environment without any special motive force 
catalyzing this learning The infant learns a 
schema for his mothers face, he learns to 
laugh at a clown, to pile blocks into tall piles 
and to knock them down The appeal ance of 
these responses seems to proceed naturally, 
requiring only contiguity and attention to rele- 
vant events But the postulation of special 
motives is required, or at least helpful, if we 
are to undei stand why a child learns selected 
academic and socialization rules — to multiply, 
to tell the truth, to parse a sentence Each 
culture requires its chddien to acquire many 
intellectual skills that they might not other- 
wise master because they would not devote 
long periods of sustained attention to them 
Special motives are catalytic m this enter- 
prise, they create the conditions that facilitate 
the acquisition of these cognitive competences 
Individual differences among children in rate 
of acquisition of these tasks are typically at- 
tributable to differences m the strength of 
these motives 

Motives 

It is a truism to state that a child's attention 
to events will be enhanced if he is motivated 
to attend to the events If the child lecogmzes 
that attention to and subsequent mastery of a 
task are prerequisites for attaining a desired 
goal, he is likely to make an effort at mastery 
How does a goal — or class of goals — acquire 
desirability or value? There are probably sev- 
eral mechanisms For expository convenience, 
we shall discuss these under the rubric of 
specific motivational states without implying 
a commitment to a particular theory of the 
acquisition and content of human motives 

Motive to Maintain Response-Appropriate 
Contexts, The infant and child are always 
behaving in the sense of issuing responses to 
the stimulus context that surrounds them 
With time, classes of responses gradually be- 
come firmly and selectively attached to spe- 
cific people, objects, and contexts The infant 
or child is often distressed when he is in a 
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context in which he has no response to make 
An anecdotal observation is helpful here If 
a 2-year-old child is brought to a room con- 
taining a variety of toys, he typically plays 
with the toys with zeal and joy However, 
when he has become satiated after 10, 30, or 
60 minutes he often whines, “I want to go 
home ” He has no more responses to issue m 
this context, and he is motivated toward that 
place m which he has developed a richer rep- 
ertoire of behaviors The child develops a 
motive to pieserve familiar contexts and to 
maintain contact with stimulus situations for 
which he possesses adaptive and easily issued 
classes of behavior Differences m the modal 
environments to which children aie exposed 
will produce motives for different contexts 
A 1-year-old child who has experienced con- 
tinual contact with his mothei has developed 
a set of reactions toward her He will have a 
strong motive foi her presence He announces 
this motive by crying when she is gone for too 
long a time, by pulling on her apron, by drag- 
ging the lamp from the living room to the 
kitchen m order to draw the mother into in- 
teraction with him 

The 5-year-old has learned a set of responses 
to particularly favonte toys, to the permanent 
objects m his home, to othei children oi sib- 
lings If we place him m a context that does 
not allow manifestation of these habitual re- 
sponses and one m which he has no responses 
to make, he becomes apprehensive and, oc- 
casionally, extremely fearful There is there- 
fore a motive to maintain contact with con- 
texts and objects to which the child has an 
available set of behaviors and, correlatively, 
a motive to avoid contexts to which the child 
has not learned an easy set of behaviors The 
motive for maintaining contact with the fa- 
miliar is congruent with J P Scott’s (1967) 
suggestion that puppies develop m the first 12 
weeks a motive to maintain contact with a 
familiar context The puppy vocalizes m dis- 
tress if removed from a familiar to an unfamil- 
iar context and stops his distress vocalizations 
when he is placed back in the familiar locus 
It appears that the infant mammal — puppy or 
human — develops schemata for and responses 
to the context m which it grows Encounter 
with a highly discrepant context elicits dis- 
tress as an automatic reaction This principle 
may be one basis for a child's motive to main- 
tain contact with familiar people and contexts 


Motive for Pleasant Sensations and Reduc- 
tion of Pam The infant and child, of course, 
are motivated to reduce pain, anxiety, and 
discomfort They learn to desire contact 
with those objects and events that have served 
this purpose m the past Thus the child’s 
motive to maintain a close relation with the 
mother or her surrogate lests on two bases — 
her association with reduction of discomfort 
and the fact that she is a target object to 
which the child has developed a set of be 
haviors The parent or parental surrogate be- 
comes a valued object and leads the child to 
develop a more symbolic motive — the desire 
for signs of positive evaluation of the child 
Motive for Symbolic Signs of Positive Eval- 
uation When the child begins to acquire lan- 
guage at about 18 months of age, the ground 
is prepared for the emergence of a desire for 
symbolic signs of approval and positive eval- 
uation from others This motive rests on pievi- 
ous learning m which words or phrases that 
represented good or its synonyms were as- 
sociated with hedomcally pleasant goal states 
and the availability of the mother as a target 
for behavior The child wishes to be regarded 
as good and interprets positive evaluation 
from others as a sign of his goodness If parents 
and adults who are valued give positive eval- 
uation for mastery of cognitive tasks, the child 
will be motivated for that masteiy 

Motives Characterized by a Wish for Se- 
lected Behaviors in Other People (hostility 
and dominance). The eailiest motives in the 
child are for external events that produce a 
change in the child’s own experience By 2 to 
3 years of age, a new set of motives emerges 
whose goal is the perception of a particular 
state m another person A hostile motive is 
defined as the desire to see another display 
signs of pam, worry, fear, or discomfort The 
wish is for misfortune and discomfort to befall 
another, and the gratification is contained in 
perceiving and/or knowing of that event If 
the child thought that attainment of good 
grades would make a rival peer unhappy, 
hostility toward that peer could promote moti- 
vation to master intellectual tasks A child 
who grows up m a peer group milieu m which 
intellectual competence is valued is more 
likely to work at school tasks m the service of 
hostile motivation than one who lives m a 
peer milieu which places minimal value on 
intellectual competence 
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The motive to dominate has similar roots 
It can be defined as the wish to have another 
assume a submissive posture with respect to 
the child During preadolescence, dominance 
becomes elaborated and gives birth to the 
motive for power Motive for power is de- 
fined as the desire for signs that enable the 
child to believe that another will assume a 
passive, submissive posture in relation to him 
The motive to dominate could facilitate cog- 
nitive performance if such competence allowed 
the child to dominate others 

At a general level, desires for recognition, 
approval, dominance, and power can be dis- 
tinguished in children The specific behavioral 
routes chosen to gratify these motives will 
depend on the instrumental habits taught by 
the child's reanng environment Some envi- 
ronments teach that attainment of athletic 
skills will lead to power, others teach that in- 
tellectual competence will provide the same 
goal The specific behaviors the child chooses 
to gratify his motives are obviously relativistic 
with respect to the values of the social con- 
text m which he spends his formative years 
Identification The child also develops a 
desire to maintain and increase his similarity 
to desired models This motive is part of the 
process of identification Briefly stated, the 
child perceives certain models m his envi- 
ronment that possess attributes that he would 
like to attain (dominance, interpersonal com- 
petence, receipt of affection from others), and 
he tries to increase his similarity to these 
models by adopting their attributes If intel- 
lectual competence is one of the model's cen- 
tral attributes, the child will attempt to in- 
crease his mastery m order to increase his 
similarity to the desired model 
Unfortunately, there has not been system- 
atic empirical research on the relation of the 
motives for hostility, dominance, approval, or 
identification to quality of mastery. The 
greater variability of cognitive performance 
among boys than girls as well as the consis- 
tently poorer relation between social class and 
level of cognitive performance in boys than 
girls may be due to the more varied motive 
spectrum for intellectual competence that ex- 
ists for boys A primary motive for girls' per- 
formance in school is the desire to maintain 
symbolic signs of approval from parents and 
teachers Upper-middle-class parents are more 
likely to promote this value with their daugh- 


ters than are lower-middle-class parents As a 
result, the girls' motivation is likely to covary 
highly with social class Although the motive 
for symbolic signs of approval is operative for 
boys, motives for hostility, dominance, and 
identification are more clearly operative for 
boys than for girls, and these latter motiva- 
tions do not vary so strongly with social class 

Standards 

As implied earlier, a standard is a belief 
about the desirability and appropriateness of 
a particular class of cognitions and behaviors 
Children attempt to develop and maintain a 
belief system about the self that is maximally 
congruent with those attributes they have 
learned to regard as good, whereas they re- 
nounce and avoid the possession of attributes 
that they regard as bad The bases for the 
evaluation of good or bad are culturally de- 
rived and for the Western community include 
the beliefs that one is valued by others, that 
one is attractive to others, that one possesses 
the necessary mtrumental skills and compe- 
tence to deal with selected problems, that one 
possesses the attributes and skills that the 
primary reference group judges to be appro- 
priate for the biological sex, that one is ra- 
tional and coherent, that one is independent 
and responsible, and that one does not engage 
m behaviors or become preoccupied with 
thoughts that are prohibited by the primary 
reference group 

The establishment of stable beliefs about 
what one should be and about how the world 
should appear is a universal characteristic of 
human functioning The Western middle-class 
child is convinced he should tell the truth, 
speak and think coherently, and behave in a 
way appropriate to his sex role, The learning of 
standards is not always a simple consequence 
of reward and punishment Although most 9- 
year-old girls have not been punished for be- 
ing unattractive, they have learned a standard 
about attractiveness that is relatively stable 
and well articulated, and they try to maximize 
their attractiveness, The details on how such 
standards are learned are not clear, but it is 
likely that sheer repetition of a standard by 
someone who adheres to it and whom the 
child respects and loves can lead to a belief 
m its validity. The standards learned during 
the first 10 years of life derive in large mea- 
sure from those communications about behav- 
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lor and attributes that are most frequently 
presented to the child by his family and 
friends Parents continually remind their son, 
“Don't cry, don't cry,” several times a day, 
several days a week for most of the weeks of 
the year This repetition eventually has a per- 
manent impact on the child's evaluation of the 
act of crying The most significant standards 
are summary statements about proper think- 
ing, feeling, and behavior, they are the ego- 
ideal 

The present chapter is concerned with 
competence and cognitive skills It seems rea- 
sonable to suggest that a standard of intellec- 
tual competence will be an important deter- 
minant of whether the child will be highly 
motivated to strive for intellectual mastery 
The child is often willing to leveal these stan- 
dards For example, children 7 to 17 years of 
age were asked whether they wanted to read 
material containing information only a few 
people knew or information that many people 
knew There was a clear increase in prefer- 
ence for tihe unknown as the child grew older 
(Teeter, Rouzer, and Rosen, 1964) Similarly, 
fourth-grade subjects are more likely than 
second graders to choose a difficult over an 
easy task As R W White (1959) suggests, 
the child develops a standard that dictates a 
desire to seek optimal challenge and to im- 
prove cognitive skills This dynamic is essential 
to the educational enterprise 

Expectancies 

An expectancy is an anticipation of an 
event The anticipation can be an image or a 
thought Expectancies are probably among the 
first psychological structures to develop, and 
they are constantly guiding behavior One of 
man's continuing tasks is to create expectan- 
cies for the future so that he can reduce un- 
certainty about events to come As we shall 
see, a major cause of anxiety is uncertainty 
about events m the future — the absence of 
fixed expectancies about the actions of others, 
one's own actions, or the vicissitudes of the 
environment There are four major classes of 
expectancies, The first includes anticipations 
of the behavior of others, these form the es- 
sential fabric of social interaction A second 
class includes the reactions of inanimate ob- 
jects The child learns that a glass will break 
if he drops it, milk will spill if he tips the cup 
A third, more subjective class deals with the 


individual's anticipation of the products of his 
own behavior, whether he will succeed or fail 
at a task As a child approaches his third year 
he becomes more acutely conscious of his 
ability to complete certain tasks or to solve 
problems The child seeks to avoid the un- 
pleasant feelings characterizing failure, so he 
approaches tasks when he expects to succeed 
and avoids tasks when he expects to fail The 
balance of successes and failures at a partic- 
ular task accumulates over time and gradually 
leads to the establishment of a relatively stable 
expectancy for varied classes of problems A 
final set of expectancies includes anticipations 
of internal feelings — feelings of pleasure, an- 
ger, fear, or sadness The 6-year-old child has 
learned that if he steals money from his par- 
ents he will feel bad We assign the label 
anxiety or guilt to this feeling state 

Relation of Motives and Expectancies to 
Quality of Cognitive Performance 

Motives and expectancies are intimately re- 
lated to each other and to quality of cognitive 
performance in a complex way The most im- 
portant relation ties expectancy of success at 
an intellectual task with motivation to master 
that task If expectancy of success remains low 
for a long period of time, motive strength 
should become weak If expectancy of success 
is high, motive strength will increase There 
are several studies that verify this idea (Irwin, 
1953, Jessor and Readio, 1957, MacCorquo- 
dale and Meehl, 1953) Some studies, how- 
ever, have not found a positive relation be- 
tween motive and expectancy Rotter (1954) 
suggests that these constructs aie independent 
Atkinson (1957, 1964) argues for a negative 
relation between expectancy and value of out- 
come m intellectual tasks 
With other conditions equal, the child who 
has a high expectancy of success will perform 
better than one whose expectancy of success 
is low It has been demonstrated (Rosenthal 
and Jacobson, 1968) that a child's IQ may 
nse when the teacher m his classroom is led 
to believe that the child is brighter than he is 
This rise m IQ was probably mediated by an 
increase m the child's expectancy of success 
which, m turn, increased the quality of his 
performance on the intelligence test 

The Crandalls have shown positive correla- 
tions between expectancy of success, on the 
one hand, and motivation and quality of per- 
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formance on intellectual tests, on the other 
For example, 20 boys and 20 girls aged 7 to 9 
years were asked to state whether they could 
solve mazes and memory tasks of varying dif- 
ficulty (1 e , they were asked to state their 
expectancy of success) The subjects were 
later observed m a free-play situation, m which 
observeis coded how long the subjects played 
with intellectual games and puzzles There 
was a positive relation, especially foi boys, be- 
tween high expectancy of success and fre- 
quency of approach to the intellectual materi- 
als (Crandall, Katkovsky, and Pi eston, 1962) 
A related study with 12- and 13-year-old chil- 
dren found a positive coi relation, for both 
sexes, between high expectancy of success and 
persistence with difficult mathematical prob- 
lems (Battle, 1965) This relation between 
expectancy and quality of perfoimance can be 
manipulated experimentally Some children 
were given a high expectancy of success by 
receiving encouraging remarks fiom the ex- 
aminer while they weie solving a task Others 
were given no such encouragement Those 
with high expectancy were more successful m 
reaching the correct solution of a difficult 
problem (B B Tyler, 1958) 

In a series of studies by Ciandall and her 
colleagues on samples langmg m size from 70 
to 256 there was a consistent positive correla- 
tion between stated expectancy estimates of 
intellectual competence and quality of repoit 
card grades When the expectancy was spe- 
cific to the particular area m which the grades 
weie obtained, the correlations were very high 
(m the 80s)* When the expectancy estimates 
were given for general competence, or m an 
area different from that m which the giade 
was obtained, the correlations were lower m 
the 30s but always positive (V C Crandall, 
m press) 

Covariation between stated expectancy and 
quality of performance has some permanence 
and is remarkably consistent across popula- 
tions Although some prefer to interpret these 
correlations as indicating that high expectan- 
cies cause better quality of performance, it is 
just as reasonable to conclude that high qual- 
ity of performance leads to higher expectan- 
cies The subject's expectancy derives partly 
from his subjective assessment of the quality 
of his performance It is most likely that per- 
formance and expectancy are wedded contin- 
ually, each influencing the other, with the si- 


multaneous resolution of these two forces 
affecting motivation 

Girls' expectancy estimates aie consistently 
lowei than those of boys (V C Crandall, in 
press) , despite equivalent IQ scores and equiv- 
alent experimental feedback Why do boys 
state that they will do better on intellectual 
tasks than girls? There are several possibilities 
Boys, m their daily lives, may have actually 
expei lenced more positive feedback than girls, 
or they may have perceived more positive 
feedback More likely, however, they may 
feel they should state a higher expectancy for 
intellectual tasks, since intellectual compe- 
tence is moie appiopriate for the male than 
the female sex role The sex differences m ex- 
pectancy seem to persist despite equivalent 
objective feedback over a vear 

In an interesting analysis, the entire enter- 
ing freshman class at Antioch College in 1963 
(N = 380) was studied over four academic 
quarters At the beginning of each academic 
quartei the students were asked to list each 
course they would be taking and the grade 
they expected to receive The expected grades 
stated by the males were alwavs higher than 
those stated by the females (p < 01) How- 
ever, examination of the actual giades received 
revealed no sex differences Moreover, the 
mean expectancy statements and mean grades 
remained generally constant over the four 
quarters Both males and females overesti- 
mated the grades they thought they would 
obtain, but males’ overestimates were larger 
than those of females Actual success or fail- 
ure seems, m the short lun, to be relatively 
unimportant in controlling expectancy state- 
ments The subjects who, m actuality, were 
doing more poorly m school gave slightly in- 
flated expectancy estimates Among subjects 
who were m the middle of a group m actual 
ability (and therefore had ambiguous feed- 
back), the boys gave slight overestimates, 
whereas the girls gave slight underestimates 

Crandall has also considered a variable 
dealing with the child’s attribution of respon- 
sibility for the quality of his performance By 
a questionnaire procedure, the child is asked 
whether he attributes his good or poor grades 
to his own efforts or to the vicissitudes of the 
external environment Does the child take re- 
sponsibility for his success and failure, or 
does he assign this responsibility to chance or 
actions of the environment? In general, chil- 
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dren who obtain better grades and have 
higher expectancies of success state that they 
are responsible foi both success and failuie, 
children with lower grades and lower expec- 
tancies of success attribute the cause of their 
evaluation to the environment (McGhee and 
Crandall, 1968) Moreover, there is some sug- 
gestion that sons with nurturant mothers are 
more hkely to assume responsibility for their 
own success or failure than are sons with less 
nurturant mothers On the other hand, daugh- 
ters with nurturant fathers are likely to pro- 
ject responsibility more than are daughters 
with less nurturant fathers (Katkovsky, Cran- 
dall, and Good, 1967) 

The relation between motivation to mastei 
a task and expectancy of failure is established 
early m development and can be seen m clear 
form as early as 2 years of age Two-year-old 
children can become very involved m percep- 
tual discrimination tasks If the initial prob- 
lems are easy and correct solutions come aftei 
a brief expenditure of effort, motivation is 
maintained and expressions of delight punctu- 
ate the child’s performance But after one or 
two failures there is a sudden, sullen with- 
drawal, which is difficult to overcome Chil- 
dren seem to know when they have failed 
without being told, they know whether an- 
swers are correct or incorrect The child 
prefers to avoid the pain of possible failure 
rather than risk the possible joy of success 
It is difficult to explain why expectancy of 
failure is so strong a force m governing the 
Western child’s behavior It is not hkely that 
the visceral afferent feedback associated with 
failure is stronger or more salient than the 
feelings linked with success When the child 
succeeds, he often smiles or laughs and 
munches his candy reward with gusto The 
mosaic of stimulus experience linked with suc- 
cess seems to be as nch in sensory qualities 
as that accompanying failure A second pos- 
sibility is that the anticipation of the unpleas- 
ant feelings associated with failure is readily 
conditioned to a withdrawal response, whereas 
the anticipation of pleasant stimulation is less 
easily linked to the act of persistence. An 
escape habit seems to be more readily ac- 
quired than an approach habit A third in- 
terpretation is that the related responses of 
inhibition and withdrawal are more easily elic- 
ited than the more diffuse acts that character- 
ize involvement Expectancy of failure often 


leads to withdrawal, and it may take less in- 
centive to elicit and maintain withdrawal than 
it does to maintain continued attention and 
involvement This hypothesis is closely related 
to a final possible interpretation to which we 
feel most friendly Failure leaves the child 
with no response to make to the task The 
child who has failed is uncertain as to what he 
should do, so he withdraws The child feels 
pressure to behave, but he has no response to 
make The habits he has relied on are not 
appropriate, and he has no others available 
If the child has no response to initiate, he will 
withdraw to a context where he does have an 
available response This particular interpreta- 
tion of the reaction to failure places the bur- 
den of the explanation as much on the avail- 
ability of task-related responses as on the 
unpleasant-feeling tone of failure or disap- 
proval In any case, the Western child is driven 
to avoid failure, and the quality of his per- 
formance on any cognitive task is continually 
influenced by his expectancy of failure 

Anxiety 

Anxiety is a label used to designate a class of 
unpleasant affective states The reasons for the 
unpleasantness, which is usually accompanied 
by particular cognitions, are not easily spe- 
cified There is no sharply felt pam, nor does 
headache or muscle tightness univei sally ac- 
company this feeling, and there is no fixed set 
of afferent sensations that characterize anx- 
iety At times, however, the person perceives 
a change m afferent stimulation which may 
result from discharge of the gastiomtestmal 
tract or increases m heart rate, palmai sweat- 
ing, shivering, flushing, or muscular contrac- 
tions The second cential characteristic of 
anxiety is uncertainty about an unwanted 
event Thus anxiety is usually defined as "an 
unpleasant feeling state accompanied by an un- 
certainty surrounding an undesirable event ” 17 
To be suie, people sometimes mislabel 
the source of their feelings The 8-year-old who 
is afraid of going to school and feels unpleasant 

17 We do not wish to reify the construct of anx- 
iety Sarbm (1968) has cogently argued that 
anxiety was ongmally invented as a metaphor 
and, with time, became a myth He suggests that 
the phrase “cognitive strain” be used to denote 
the experience that “arises in connection with 
solving problems of choice, conflict, interference, 
interruption, overloading, etc” (p 418) 
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because he anticipates failure on an arithme- 
tic test may tell his mother he is sick He is not 
lying, he interprets his distress as illness and 
asks to stay home Adults currently are often 
subject to the opposite error The mass media 
have so sensitized them to the likelihood that 
many uncomfortable feelings are psycholog- 
ically based, they may mislabel the ache of a 
viral infection as anxiety and take tranquilizers 
rather than a more appropriate drug 

We consider next the psychologically im- 
portant relation between expectancy of success 
(or failure) m a particular problem situation 
and the experience of anxiety This relation 
appears to be curvilinear A child with low 
expectancy of success on a particular task is as 
certain of the outcome as is one who has high 
expectancy of success Children at either of 
these extremes are assumed to experience less 
anxiety than children who are uncertain of 
their competence, that is, those who have 
a moderate expectancy of success or failure 

There is a small set of conflicts and sources 
of anxiety, m addition to anxiety over failure, 
that can block quality of cognitive perform- 
ance This set includes lack of congruence 
with sex-role standards, anxiety over competi- 
tiveness, anxiety over peer rejection, and anx- 
iety over passivity Let us consider each 
briefly 

Lack of Congruence with Sex-Role Stan- 
dards As indicated earlier, one of the child’s 
major motives is to adopt behaviors and values 
that are maximally congruent with sex-role 
standards Classification of an activity as mas- 
culine or feminine is based on the gender 
of the person most often associated with it 
Schoolwork is usually classified as feminme, 
because women are normally associated with 
the monitoring of elementary school activity 
Research has shown that girls and boys in the 
elementary school tend to classify school and 
school-related objects as more feminine than 
masculine (Kagan, 1964) The greater num- 
ber of boys than girls with reading problems 
m the United States can be attributed, in part, 
to the fact that boys see the school situation as 
feminine and therefore not congruent with 
their sex This conclusion is supported by the 
fact that on the island of Hokkaido in Japan, 
were men do much of the teaching m the 
elementary grades, there are no more boys 
than girls with reading problems (K Miyake, 
personal communication) , 


The Role of Anxiety over Hostility. Since 
the public school classroom often contains a 
competitive, rank-order atmosphere, children 
who feel anxiety about outdoing a rival or feel 
guilt over the hostile motives that are associ- 
ated with competitive mastery may begin to 
inhibit effort It is possible that the girls’ 
lower expectancy of success (V C Crandall, 
1968) may be due to reluctance to report 
high estimates of performance, because they 
may be seen as “boasting” and, by inference, 
as aggressive and assertive acts 

Anxiety over Peer Rejection. One of the 
child’s major motives is to recruit and main- 
tain peer acceptance He will inhibit many 
behaviors that the peer group regards as un- 
desirable Coleman’s (1961) study of adoles- 
cent society indicates that children’s perform- 
ance m school tends to be in close accord 
with the values of the peer group Thus strong 
desires for peer acceptance and anxiety over 
peer rejection can inhibit involvement in the 
school situation 

Anxiety over Passivity. A final source of 
conflict, especially relevant in the early school 
years, concerns the child’s anxiety over play- 
ing the passive role Typically, the child is 
placed in such a passive position m the school 
situation He is to sit quietly, listen to the 
teacher, and conform to her requests Some 
children have a conflict over passive submis- 
sion to adults and are threatened by such a 
posture If the anxiety generated by this con- 
flict were high, it could lead to poor perform- 
ance m the school situation Boys usually 
have greater anxiety over passivity than girls, 
and this may be one more reason why boys’ 
performance m the elementary school years is 
usually inferior to that of girls 

EPILOGUE 

Few systematic conclusions flow easily from 
this long, yet not exhaustive review. Inquiry 
into variation m cognitive functioning has not 
had the beneficial guidance of strong theory 
and, on occasion, has become empirically bar- 
banc The movement began m a revolutionary 
atmosphere and, like many revolutions, has 
constructed its principles a posteriori, rather 
than a priori The subsequent fabric of gen- 
eralizations has more intuitive appeal than 
logical coherence or commandingness 

The dividends of the revolution are obvious 
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The psychological distance between investiga- 
tions of perception, language, and thought, on 
the one hand, and studies of personality dy- 
namics, on the other, has been shortened This 
engagement will, we suspect, lead to a more 
cognitive framework for personality theory 
The work of Kelly and Rotter is early ev- 
idence of this trend Study of cognitive per- 
formances may put man back together by 
denying the artificial dissection of his psyche 
into categories labeled thinking, feeling, and 
willing The association between quality of 
performance on a perceptual decision task 
(such as rod-and-frame) and patterns of child- 
rearing lends a conciete vitality to this syn- 
thesis These dividends from the work on cog- 
nitive variation are to be applauded There 
are, however, seveial senous faults that de- 
serve solemn concern 

First, there is the possibility that theie is 
more method vaiiance m the existing data 
than we normally acknowledge Two of the 
parents of contemporary psychology — Hull 
and Freud — have taught their children to look 
closely at the agent of action (his history and 
his motives) m ordei to understand and predict 
his behavior Correlatively, psychologists were 
rarely told to heed the context of the agent’s 
actions A hungry rat should run fast m any 
T-maze, a dependent child should ask for help 
from everybody This cavalier dismissal of the 
critical and complementary ides of the social 
and impersonal environments has, regrettably, 
been inherited by many of the cognitive-style 
investigators It is presumed that a field-inde- 
pendent person is field independent in all sit- 
uations that require restructuring, an analytic 
child analyzes all visual material, a “sharp- 
ener* articulates sequential experience con- 
tinually This is probably the most serious 
fallacy m the interpretive structures that have 
been built around the work on cognitive vari- 
ation 

The research reviewed suggests that the 
probability of a child analyzing a visual array 
is seriously dependent on the matenals pre- 
sented A child can be analytic with one set of 
words and nonanalytic with another set of 
words or with pictures The use of rod-and- 
frame and embedded-figures tasks, which are 
masculine in their accoutrements, may be one 
source of the consistent sex differences m 
field mdependence It is of extreme impor- 
tance to determine the generahzabihty of the 


Witkm conclusions to test contexts that are 
less masculine or more feminine (eg, an em- 
bedded-figures task that did not illustrate 
geometric forms but cooking utensils or flow- 
ers) The disregard of specific task materials 
implies that we may have been studying spe- 
cies of findings rather than genera or families 
It is imperative that tasks sample a wide variety 
of contexts in order to demonstrate the power 
of the construct In sum, it is not clear how 
much variance m test peiformance is specific 
to the test and how much is attributable to 
the hypothetical construct the procedure was 
designed to serve 

Although the names apphed to theoretical 
constructs for “style” often have an exotic 
quality, it is possible that the phenomena they 
serve touch more familiar dynamic themes 
Anxiety over error, attention distribution, ex- 
pectancy of success or failure, and vulnerabil- 
ity to distraction are central to many of the 
test procedures utilized The majority of the 
procedures reviewed present the subject with 
an “intellectual” task for which he believes 
there is a correct answer Thus anxiety over 
intellectual competence and expectancy of 
success in the intellectual domain are always 
relevant variables controlling the final product 
The emphasis on evaluative intellectual tasks 
as indexes of “style” should give us pause, for 
it does not seem intuitively reasonable that 
the basic psychological functions of human 
beings are most sensitively revealed in con- 
texts m which the subjects believe their intel- 
lectual competence is being evaluated Per- 
haps these procedures continue to be validated 
because they correlate with other test pro- 
cedures that involve the same dynamic Psy- 
chology gathers most of its human data (be 
they projective tests, memory-recall pioce- 
dures, interviews, or paired-associate learn- 
ing) from subjects whose behavior is geared 
to a strange examiner’s reaction to or evalua- 
tion of their perfoimance This influence can 
be so pervasive that behavior m such poten- 
tially evaluative contexts may generate appar- 
ent construct validity within a diverse set of 
tasks 

Psychological phenomena possess the dual 
aspects of form and content Motives, beliefs, 
expectancies, and standards are among psy- 
chology’s central contents, but these contents 
are manifested in specific forms of behavior 



INDIVIDUAL VARIATION TN COGNITIVE PROCESSES 1353 


The operational probes we use to diagnose 
these contents must acknowledge those forms 
Individual cognitive styles are almost always 
engaged when one attempts to explore a per- 
son’s motives, expectancies, and standards. If 
we ignore these vanables, our probes will 
provide noisy information The small and 


courageous cadre of scientists who have spent 
the last decade systematizing these dimensions 
have done a high service It is clear that an 
individual’s preferred fashion of interpreting, 
transforming, and reporting information will 
have to be a variable m any equation that 
seeks to explain him 
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Addendum . 1 The Use of Multivariate Procedures in 
Developmental Psychology 2 

ROBERT B McCALL 


Through much of its history psychology has 
tended to limit itself to univariate measure- 
ment and data analysis One reason for this 
tendency resides m the fact that researchers 
have not been concerned about the possible 
diverse facets of a concept For example, 
some investigators may use stated preference 
as a dependent variable and the research con- 
text does npt require that stated pieference be 
broken down into a set of component variates 
(eg, mterestmgness, pleasantness) In these 
instances, univariate measurement is quite 
appropriate 

However, the modem Zeitgeist increasingly 
encourages the elementanzation of phenom- 
ena and the investigation of constructs whose 
total conceptual implications are not efficiently 
encompassed by a single measurement For ex- 
ample, m many contexts “socioeconomic sta- 
tus is employed as a multivariate concept 
Income, although a major component, does 
not envelop the total meaning of socioeco- 
nomic status because some semiskilled workers 
earn as much or more than highly trained 
people (eg, foundry worker versus assistant 
professor) Education is certainly another 
facet of this global concept, but again it is 
not sufficient m itself because many people of 
only average education hold positions of in- 
fluence and social prestige (eg, some politi- 
cians) Consequently, by definition socioeco- 
nomic status involves a cluster of attributes, 
and therefore m cases m which the diverse 
contributions of these components are impor- 
tant, socioeconomic status should be indexed 
by a corresponding cluster of variables rather 
than by a single, easily obtained but insuffi- 
cient measurement 


Alternatively, a construct may be quite uni- 
tary at a conceptual level but still benefit 
from multivariate measurement For example, 
suppose that the research question centers 
upon whether or not an infant can discrimin- 
ate between two visual arrays The experi- 
mental logic dictates that if the subject con- 
sistently behaves differently in the presence of 
one than the other stimulus in any way , then 
it may be assumed that the infant detects the 
difference between the two patterns The re- 
search question is not tied to specific responses 
but rather the search is for any behavioral 

1 This addendum was planned originally as a 
discussion of a method or technique that is 
particularly useful in studies of cognitive func- 
tioning and cognitive styles However, as will 
become obvious to the reader, multivariate anal- 
ysis is a method of wide applicability in all kinds 
of investigations of the development of individual 
differences — Editors note 

2 Portions of this paper were supported by the 
Research Council, Computation Center, and In- 
stitute for Research in Social Science of the Uni- 
versity of North Carolina In addition, Grant 
MH-8792 from the National Institute of Mental 
Health and Contract PH-43-65-1009 from the 
National Institute of Child Health and Human 
Development provided to Jerome Kagan, Harvard 
University, supported the empirical work de- 
scribed here The author was an NSF Postdoc- 
toral Fellow working with Professor Kagan when 
some of this research was conducted Gratitude 
is expressed to Mark Appelbaum and Elliot M 
Cramer for their guidance with the statistical 
analyses and interpretations and to Nancy Cole, 
Steven Cool, Fred Grote, Marshall Haith, David 
Jacobowitz, Lyle Jones, Jerome Kagan, and 
Stanley Mulaik for their helpful comments on 
earlier drafts of this paper 
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difference of plausible psychological relevance 
Therefore a multivariate approach may be a 
more powerful assessment technique since, 
because of the patterning of response vari- 
ables (discussed later), it is quite possible to 
obtain no univariate effects but a significant 
multivariate difference In this event, the uni- 
variate conclusion of “no evidence supporting 
discrimination” would be misleading in view 
of the multivanate result 

A third leason for consideimg multivariate 
procedures is to accumulate evidence on the 
interaction of dependent variables For ex- 
ample, does the smile an infant displays to a 
visual stimulus have the same meaning when 
accompanied by vocalization as it does when 
it occurs alone? Psychologists often have used 
the analysis of variance because it offers in- 
formation on the potential interaction among 
independent variables, yet the penchant for 
univariate measurement obviates the possibil- 
ity of examining the pattern of interaction 
among dependent as well as independent 
variables. Even if several response measures 
have been taken, separate univariate analyses 
must be interpreted with the tacit assumption 
that each response occurs independently of 
every other response Such a model is often 
untenable because responses cannot usually 
be extricated from their behavioral context 
without denuding them of much of their 
meaning A response gathers psychological 
meaning as the cluster of its relationships and 
covariances with other independent and 
dependent variables matures However, uni- 
variate measurement fails to provide a large 
portion of this information, and therefore the 
construct validity of our measures continues 
to be determined largely m an a priori rather 
than an empirical manner 

Consequently, a multivariate approach to 
issues m developmental psychology is likely 
to be profitable if the theoretical constructs 
would benefit from being broken down into 
their components, if the research question is 
so general that it is not tied to specific mea- 
sures, and/or if the interactions among de- 
pendent as well as independent variables is of 
interest 

The purpose of this paper is to amplify 
these points by describing a few multivariate 
methods, illustrating them with sample data, 
and evaluating their advantages and disad- 
vantages There is no pretension to cover the 


entire spectrum of such techniques (indeed, 
fact or analysis will be omitted completely), 
and no more mathematical and statistical 
sophistocation will be required than an aver- 
age acquaintance with correlation and the 
analysis of variance in its simpler forms Con- 
sequently, the orientation of this paper is not 
to describe the procedures m such detail that 
they may be readily assimilated mto the 
readers methodological arsenal, but rather to 
sketch their purpose, general procedure, and 
advantages so that the researcher may acquire 
a sense for what these methods offer him as 
research strategies Should the reader wish to 
apply these techniques, he is advised to do 
additional reading (see list of supplementary 
references) and consult a skilled pioponent 
of these piocedures before doing the experi- 
ment 

CANONICAL CORRELATION 
Research Question 

In many instances a researcher would hke 
to know the degree of association between 
two classes of variables rather than between 
two single variables Although the familiar 
multiple correlation reveals the degree of as- 
sociation between a class of measures and a 
single variable, the canonical correlation pro- 
vides a direct extension of the multiple R to 
the case m which the dependent as well as the 
independent constructs are both represented 
by several rathei than just one response mea- 
sure 

For example, in a study of the distribution 
of attention of 4-month-old infants to a re- 
peatedly presented standard stimulus (habi- 
tuation phase) followed by a novel stimulus 
(McCall and Kagan, 1967), it was of interest 
to ask if there was any association between 
(1) the pattern of attentional responses dur- 
ing the habituation to the standard and (2) 
the pattern of attentional responses to the 
change relative to die familiar stimulus That 
is, was there any relationship between the 
pattern of attention during the repeated pre- 
sentation of a smgle stimulus and the atten- 
tional pattern elicited by the introduction of 
a novel stimulus? On the independent variable 
side (habituation phase), the first visual fixa- 
tion, total fixation, time vocalizing, number 
of smiles, and habituation rate were measured 
The attention variables were summed over 
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several presentations of the standard stimulus, 
and the habituation score consisted of the per 
cent decline in first fixation evidenced over 
repeated showings of the standard Subjects 
who responded minimally from the beginning 
and therefore could not show habituation 
were not considered m this analysis On the 
dependent variable side, the ratio of the at- 
tentional response given to the novel stimulus 
relative to all the stimuli (familiar plus novel) 
was computed for first fixation, total fixation, 
vocalization, smiling, and cardiac deceleration 
(see Graham and Cliften, 1966) The ques- 
tion was whether or not theie was any rela- 
tionship between attentional pattern during 
habituation and the attentional pattern to 
novel versus familiar stimuli when several 
measures of responsiveness both during habit- 
uation and during the novel-famihar stimulus 
presentations are weighted m a lmear fashion 
m order to best reveal that possible relation- 
ship 

Statistical Procedure 

The statistical task is to develop a set of 
weights Ci for the i mdependent variables and 
a set of weights fcj for the / dependent vari- 
ables so that the correlation between 


C 1%1 "b £2^2 + + 

and 

*1*1 + *2*2 + 
is a maximum 

Example For boys, the results of the can- 
onical analysis for the data just descnbed are 
presented m Table A1 The bottom of the 
table indicates that the canonical correlation 
between attention during habituation and at- 
tention to a stimulus change was 97 for boys 
(p < 006) but a negligible 59 for girls (p < 
965) Although these correlations seem high, 
recall that the variables of both groups have 
been linearly weighted m ordei to pioduce 
the maximum possible relationship Since the 
sampling distribution employed for signif- 
icance tests is appiopriate to this weighted 
result, a canonical correlation of 59 may be 
quite nonsignificant 

Information permitting a moie detailed m- 
terpietation of this result is provided in Table 
Al, which contains the matiix of simple cor- 
relations and the standardized weights de- 
termined by the canonical analysis Lookmg 
at the weightings for independent variables 
presented in the last column, first fixation 
(1 55), vocalization (1 28), and habituation 
( 65) were given high positive values, where- 


Table Al Canonical Correlation between Attention during Habituation and Responsivity to 
Stimulus Change (Males) 





Univariate Correlation 



Standardized 

Weights 

1 

2 

3 

4 

5 

6 

7 8 

9 

Habituation 










First fixation 









1.55 

Total fixation 

.78*** 








-.74 

Vocalization 

50* 

21 







128 

Smiling 

.53* 

.27 







-1.71 

Habituation 

42 

19 

.12 

-24 





65 

Response to change 










First fixation 

60* 

42 

08 

-08 

55* 




50 

Total fixation 

39 

32 

-.04 

-02 

.33 

82*** 


-27 

Vocalization 

-05 - 

-32 

-06 

-07 

48* 

13 

.18 


.11 

Smiling 

.07 

.03 

.48* 

-17 

27 

24 

00 -.14 


57 

Deceleration 

.45 

.10 

58* 

34 

.12 

.20 

— 02 - 38 

.45 

42 


Canonical 


Chi 








Correlation 


Square 


df 

V 



Males 

.97 


46 31 



25 

.006 



Females 

.59 


13.79 



25 

.965 




*P<.05 

*** p < 001, 
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as smiling and total fixation were assigned 
negative values The interpretation of these 
weightings is quite analogous to the mterpie- 
tation of beta weights m multiple coi relation 
(for an excellent discussion of this subject, 
see Darlington, 1968) A high positive weight 
indicates that variation in such a variable 
contributed to the multivanate relationship 
Thus fiist fixation, vocalization, and habitua- 
tion were important variables in the present 
analysis A large negative weight may have 
one of several meanings First, a negative co- 
efficient may be obtained if the variable is 
inversely 1 elated to the composite scoie which 
the analysis computes foi that set of variables 
In this case such a variable would have nega- 
tive bivariate conelations with some of the 
other measures in its set Second, it is possi- 
ble foi a variable to be positively con elated 
with the members of its set but still be as- 
signed a negative weight by the analysis In 
this event, the interpretation may be that a 
portion of the variance of the negatively 
weighted vanable is shared with a variable 
that otherwise makes a positive contribution 
to the canonical relationship but that this 
common vanance is irrelevant to the multi- 
vanate relationship Within the context of 
multiple correlation, a piedictor assigned a 
negative weight is called a “suppressor” van- 
able if the variance it shaies with another 
predictor “suppresses” the capability of that 
measure to predict the critenon 

Considei the two examples of a suppressor- 
like vanable contained m the sample data 
First fixation (1,55) is a positive contributor 
to the canonical relationship while total fixa- 
tion (— 74) was given a negative weight, yet 
the two measures correlate 78 This simple 
correlation is not surprising m view of the fact 
that total fixation includes first fixation as one 
of its components Consider a psychological 
interpretation to illustrate how the negative 
weighting given to total rather than first fixa- 
tion could be interpreted m terms of a sup- 
pressor effect 3 In the experimental situation, 
there is very little else for the 4-month infant 
to do except look, and almost nothing else to 

3 Since first fixation is a part of total ^fixation, the 
confounding of these measures represents the best 
explanation for the observed result However, the 
psychological explanation is presented to illustrate 
the potential function and interpretation of a 
suppressorlike variable, 


look at but the experimental stimulus There- 
fore a certain amount of baseline or stimulus- 
irrelevant looking occurs Of course, some 
looking is governed by the nature of the stim- 
ulus that the experimenter presents It is 
likely that first fixation reflects more stimulus- 
controlled looking because it is the infant's 
initial glimpse of the newly introduced dis- 
play, whereas total fixation may be influenced 
relatively more by the baseline looking ten- 
dencies of the infant, which are largely ex- 
traneous to the nature of the stimulus Thus 
first fixation becomes a more salient contrib- 
utor to the canonical relationship with re- 
sponsivity to a change m the quality of stim- 
ulation Further, first fixation is likely to be 
influenced to a lesser hut nonzeio extent by 
the baseline looking tendencies of the subject 
and the simple correlation between first and 
total fixation may reflect, m part, that shared 
variance Therefore if this variance which first 
fixation shaies with total fixation which is 
irrelevant to the response to stimulus change 
is substi acted out by weighing total fixation 
negatively, then the predictive power of first 
fixation is sharpened 

In a similar situation involving a suppres- 
sorlike variable, vocalization (1 28) during 
the habituation phase was a positive contrib- 
utor to the canonical relationship, whereas 
smiling was not (—1 71), even though smil- 
ing and vocalization were highly correlated 
(73) In this instance, the analysis has sug- 
gested that a component of the vocalization 
response which is related to smiling does not 
contribute to the canonical correlation Thus 
vocalization becomes a better contributor if 
the irrelevant component it shares with smiling 
is subtracted from it 

On the other side of the relationship the 
weightings for dependent vanables presented 
m Table A1 show that m terms of the respon- 
sivity to change, smiling, first fixation, and 
cardiac deceleration are the major vanables 
contributing to the canonical congelation with 
habituation pattern 

The fact that the canonical relationship was 
very high for boys ( 97) but almost signif- 
icantly absent for girls ( 59, p < 96) sug- 
gests that these vanables play different roles 
for the two sexes Since other evidence 
(McCall and Kagan, 1967) suggests that 
the girls did indeed respond to the changes, 
this result implies that boys and girls express 
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their responsivity to stimulus change differ- 
ently That is, because the pattern of relation- 
ships among these variables differs as a func- 
tion of sex, a smile or a vocalization during 
the habituation phase may carry a different 
message for boys than it does for girls 

To summarize, the canonical analysis sug- 
gested that foi those subjects whose atten- 
tional responses piovided an opportunity for 
habituation to a repetitively presented stim- 
ulus to occur, the pattern of habituation was 
related to responsivity change for boys but not 
for girls The habituation measures primarily 
contributing to such a lelationship were first 
fixation, vocalization, and magnitude of hab- 
ituation, with total fixation and smiling acting 
in the manner of suppressor variables The 
response to a change was reflected m smiling, 
first fixation, and deceleration Further, it 
appears that these variables may carry a 
different meaning for the two sexes 

Additional Applications 

Canonical coi relation could be used m 
longitudinal studies of personality and intel- 
lectual ability For example, do maternal at- 
titudes of protection, restriction, hostility, and 
acceleration relate to the child's passivity, 
emotional dependency, withdrawal, etc,? 
Which of these variables weighs most highly 
in this relationship? What is the extent and 
pattern of the possible relationship between 
maternal attitudes and the child's intellectual 
abilities as measured by an extensive test 
battery? What is the nature of the potential 
relationship between personality and ability 
measures? 

Is it at all possible to predict later behavior 
from neonatal or infant assessment? In this 
regard, it may well be that one of the reasons 
why infant measures have largely failed to 
correlate with later behavior is that the pre- 
dominant strategy has been to use univariate 
techniques Examination of the pattern of 
interactions among variates with canonical 
correlation may prove valuable m this context 

MULTIPLE DISCRIMINANT ANALYSIS 
Research Question 

If a researcher had two or more distinct 
groups of subjects with several measures on 
each subject, it might be of interest to ask 
whether the groups can be significantly dis- 


criminated on the basis of a derived variable 
composed of a linearly weighted combination 
of the several dependent vanables A multiple 
disciimmant analysis performs this task 

For example, m the previously described 
experiment (McCall and Kagan 1 , 1967), sub- 
jects were classified into the following groups 
on the basis of their lookmg responses to the 
repetitively presented stimulus during the 
habituation phase 

1 Rapid Habituators — subjects whose first 
visual fixation to the presentation of a stim- 
ulus declined markedly with repeated pre- 
sentations of that same stimulus 

2 Slow Habituators — subjects whose first 
fixations did not decline over trials 

3 Short Lookers ■ — subjects whose first fixa- 
tions were always of such extremely short 
duration that they had no opportunity to 
demonstiate habituation because of their low 
initial values 

The question was posed as to whether these 
three gioups, selected as a function of their 
first fixation to the standard stimulus, could 
be discriminated from one another on the 
basis of the nonlooking dependent vanables 
of resting heart rate (heart rate taken during 
the mterstimulus interval), the time spent 
vocalizing during the habituation period, the 
number of smiles during the habituation 
period, educational attainment of the infant's 
parents, and the weight of the subject 

Statistical Procedure 

Algebraically, the purpose of the multiple 
discnmmant analysis is to determine the set of 
weights or coefficients c % for the several de- 
pendent measures X { which will separate the 
groups to the maximum extent For example, 
if the composite or discriminant function is 
called Y, and if there are two groups to be 
discriminated with four dependent vanables, 
the analysis will produce a discnmmant func- 
tion of the form 

Y = CjXi + c 2 X 2 + <? 3 X 3 + c 4 X 4 
such that the mean values of Y for the two 
groups will be maximally different In terms 
of variance, the analysis selects a set of 
weights which will maximize the between- 
group variance relative to the withm-group 
variance in the derived variable Y 

Geometrically, Cooley and Lohnes (1962) 
diagram the procedure for the case of two 
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A 



Fig A1 Diagram of a geometric interpretation 
of a discriminant analysis ( see text, from W W 
Cooley, and P R Lohnes, Multivariate proce- 
dures for the behavioral sciences , John Wiley & 
Sons, Inc , New York, 1962) 

groups with two dependent measures m the 
manner of Fig A1 The two variables X ± and 
X 2 are on the abscissa and ordinate, respec- 
tively, and the two groups I and II are repre- 
sented both by their centroids (points) and 
by their 90 centours (the ellipse surrounding 
each centroid, which encloses 90% of the 
frequencies of each group) If a line a is 
drawn through the intersection of the two 
centours and the discriminant dimension Y is 
drawn perpendicular to this line, then the 
projections (discriminant scores) of the two 
groups on the discriminant dimension will be 
maximally separated (there will be the least 
possible overlap between the distributions) 

In short, the multiple discriminant analysis 
produces a set of coefficients or weights for 
the several dependent measures which best 
separate or discriminate between the groups 
on this derived dimension The between- 
group variance is maximized relative to the 
withm-group variance 
Example * The boys' data from the McCall 
and Kagan (1967) study described previously 
were submitted to a multiple discriminant 
analysis to determine if the three groups 
(rapid habituators, slow habituators, short 
lookers) could be discriminated on the basis 
of a linear combination of five nonlooking 
variables The results are given in Table A2, 


which presents the means and standard devia- 
tions, within-cell correlations (correlations of 
dependent variables with the effect of the 
grouping parceled out), the univariate F-tests 
and associated probabilities corresponding to 
a one-way analysis of variance on each vari- 
able separately, and the discriminant function 
coefficients ( coefficients for each standardized 
dependent variable, which when multiplied 
and summed yield the best discriminating 
composite score) 

The first point to note about the results is 
that not one of the univariate F-tests revealed 
a significant difference between the three 
groups, although the heart rate measure 
reached the 07 level In contrast, the multiple 
discriminant function was significant (F ~ 
2 50, df-= 10, 36, p < 02), suggesting that 
the groups could be discriminated on the basis 
of a linear combination of the dependent mea- 
sures It is possible to obtain a significant 
multivariate discrimination without significant 
univariate Fs because the multivariate analysis 
considers the relationship among the depen- 
dent variables A collection of univariate tests 
does not permit an interpretation in which 
dependent response measures interact with 
each other In contrast, the multivariate anal- 
ysis penmts assessment of the possible pattern 
of interactions between various facets of be- 
havior With this method, responses are not 
artificially extricated from their behavioral 
context, and although a given manipulation or 
condition may not be clearly manifested m a 
single variable, it may be observed m the pat- 
tern of several dependent measures con- 
sidered as a conjunctive display (although the 
"display” is a function of the vanables se- 
lected by the experimenter) 

To interpret this result in more detail, con- 
sider first the standardized discriminant scores 
in Table A2 Smiling (1 43) and heart rate 
(.62) were given positive weights In terms 
of the means of the groups on these variables, 
the slow habituation subjects smiled the most 
while the short lookers had relatively slow 
resting heart rates However, vocalization 
(—1,66) , education (— Bl), and body weight 
(—41) received negative coefficients Again, 
a negative weight may imply that the variable 
acted m the capacity of a suppressor That is, 
such a variable correlates with a nondiscnm- 
mating component of a positive contributor to 
the discrimination and thus should be sub- 
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Table A2 Discriminant Analysis of Habituation Phase for Boys 


Variable 

Heart 

Rate 

Weight 

Educa- 

tion 

Vocali- 

zation 

Smiling 


Means and Standard Deviations 


Slow habituation (N = 9) 


X 

149.4 

224.0 

68 

7.3 

10 

s 

12 3 

86.4 

3.1 

11.3 

14 

Rapid habituation (N == 4) 





X 

150.4 

264.8 

6.8 

7.6 

0.0 

s 

10.0 

25.0 

4.3 

113 

00 

Short fixation ( N = 

12) 





X 

140 0 

240.8 

9.0 

8.8 

.5 

$ 

80 

18.3 

2.2 

11.2 

10 



Within-Cell Correlations 



Weight 

-.19 





Education 

08 

— .17 




Vocalization 

.15 

.10 

- 49* 



Smiling 

.01 

.27 

-.31 

.81*** 




Discriminant Analysis 



Univariate F 






(df = 2,22) 

2.95 

.79 

1.73 

.05 

1.22 

p less than 

.07 

.46 

20 

.96 

.31 

Standardized 






discriminant 

.62 

-.41 

- .81 

-1.66 

1.43 


coefficients 


*p< 05 
*** v < 001 


tracted from the contributor m order to 
sharpen the discrimination between cntenon 
groups Consider vocalization and smiling, 
Smiling is a positive contributor to the dis- 
crimination (1 43) but the within-cell cor- 
relations in Table A2 show that vocalization 
correlates 81 with smiling Smce vocalization 
is given a negative weighting by the analysis, 
the implication is that the smiling variance 
shared by vocalization is irrelevant to the dis- 
crimination and subtracting it sharpens the 
separation of the groups. Considered from a 
psychological point of view, a smile is often 
observed after an infant looks at a stimulus 
for a few seconds without any accompanying 
vocalization This is sometimes regarded as a 
response of recognition However, on other 
occasions a child will become excited and as 
a result he will both vocalize and smile in 
temporal contiguity These latter smiles, cor- 
related with vocalization, may be irrelevant to 
the discrimination between groups, and the 
discriminant analysis may be highlighting this 
fact, 


In summary, although no single univariate 
test attained significance, the multiple dis- 
criminant function did It would have been 
misleading to conclude on the basis of the 
univariate analyses alone that the nonlooking 
variables were unrelated to the three habitua- 
tion groups Further, it would also have been 
incorrect to conclude that although the uni- 
variate F for vocalization was substantially 
less than I, that vocalization was unimportant 
to the discrimination between groups because 
vocalization did act as a suppressor This 
result further punctuates the fact that m 
many cases dependent measures must not be 
viewed in isolation but rather in the context 
in which they occur A variable extracted and 
isolated from its behavioral environment loses 
some of its meaning and power as an index 
of psychological events 

Additional Applications 

Discriminant analysis could find application 
in the many instances in which the indepen- 
dent variable falls neatly into discrete groups 
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For example, the entire area of sex differences 
could benefit from discriminant analysis 
What is the difference between the sexes 
when ability measures are considered con- 
jointly" 5 What is the nature of the sex differ- 
ence in personality traits? In what ways do 
blind and seeing or deaf and hearing children 
differ m mental abilities or personality traits? 
What is the pattern of differences between 
normal and mentally retarded children on 
ability measures, personality traits, or per- 
formance indices? 

MULTIVARIATE ANALYSIS OF 
VARIANCE (MANOVA) 

Research Question 

Multiple discriminant analysis is directed at 
outlining how separate groups of subjects 
could be discriminated The same general 
orientation may be taken toward the groups 
in an analysis of vanance design Indeed, a 
one-way multivariate analysis of vanance is 
multiple discriminant analysis, but the same 
procedures may be applied to designs involv- 
ing more than one independent vanable — how 
to determine how the several dependent vari- 
ables may be weighted to produce the biggest 
effect for factor A, for factor B, and for their 
interaction Viewed from another orientation, 
MANOVA is simply the analysis of vanance 
using several rather than just one dependent 
variable m which these variates are weighted 
to provide the maximum possible effects 

To illustrate with data from Kagan and 
McCall (1907), 4-month-old boys and girls 
viewed a series of four facelike, three-dimen- 
sional stimuli (for pictures of the stimuli see 
Kagan, Henker, Hen-Tov, Levine, and Lewis, 
1966) First fixation, total fixation, vocaliza- 
tion, smiling, and cardiac deceleration were 
summed over all stimuli Collectively, these 
measures indexed the gross attentional char- 
acteristics of the child With reference to 
specific stimuli, some children gave longer 
first fixations to a faithful representation of a 
male face, while others looked longer at a 
scrambled rearrangement of the same fea- 
tures Was there any difference m terms of 
gross attentional characteristics between boys 
and girls and between those subjects who 
looked longer at the regular face than those 
who looked longer at the scrambled version? 
Was there an interaction? 


Statistical Procedure 

The multivariate analysis of vanance com- 
putes a set of weights separately for each 
factor in the analysis of vanance design so 
that after the total vanance has been parti- 
tioned, the weighted combination of the sev- 
eral dependent variables produces a maximum 
effect In this sense a discriminant analysis is 
a one-way multivanate analysis of variance 
In addition to the partition of variance, a two- 
way MANOVA is composed of three discrim- 
inant analyses — one for each of the mam 
effects and one for the interaction 

Example. The MANOVA for the data de- 
scribed above is reported m Table A3 Only 
the sex effect was significant in the multi- 
variate case (£^3 59, df—6, 82, p< 003) 
The standardized weights show that cardiac 
deceleration and smiling contributed most to 
the sex differences, boys deceleratmg and 
smiling more than girls The F for decelera- 
tion was the only univariate test reaching 
significance (F^ 18 22, df= 1, 87; p<001), 
even though smiling as well as deceleration 
received a positive weighting of some con- 
sequence m the multivariate case Further, 
although first and total fixation each had uni- 
variate Fs that approached significance (p< 
14), the MANOVA assigned them weights 
of essentially zero ( 09 and 04) This result 
derives from the fact that the pattern of cor- 
relations between fixation times and decelera- 
tion (the major contributing vanable) and 
the vanabihty of fixation relative to decelera- 
tion are such that deceleration performs the 
discrimination between sexes more efficiently 
than fixation times Therefore when all the 
dependent measures are considered jointly 
and the best selection is required, even 
though fixation times may reflect sex differ- 
ences m their univariate cases, the MANOVA 
minimizes their apparent contribution because 
deceleration and smiling make the same sex 
discrimination more efficiently This result 
points up another advantage of multivanate 
analyses the statistical proceduies not only 
compare the several dependent variables be- 
ing analyzed in terms of their joint contnbu- 
tion to discrimination between groups, but 
they also determine the most efficient com- 
bination of vanables for this purpose There- 
fore, if one were restricted to a few dependent 
vanables with which to assess sex differences 
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Table A3 Sex X Regular-Scrambled Face Manova on Gross Attentional Measures 



First 

Fixation 

Total 

Fixation 

Number 

Fixes 

Vocalization 

Smiling 

Cardiac 

Deceleration 

Means 







Boys 







Regular 

78 8 

156 6 

28 9 

18 7 

46 

15.4 

Scrambled 

75 9 

150 2 

29 3 

25 0 

71 

14 0 

Girls 







Regular 

54 8 

136 8 

375 

20 7 

23 

10 6 

Scrambled 

70 6 

140 0 

26 9 

174 

37 

10 6 

MANOVA 







Sex effect (F = 

3 59, df = 6, 82, p < 003) 





Standardized weights 09 

04 

07 

.13 

41 

.94 

Univariate 







*1 

II 

H 

00 

<1 

2 27 

2 27 

83 

65 

157 

1822 

p less than 

14 

14 

37 

42 

21 

001 

Regular-Scrambled { F = I 00, 

df = 6, 82; p< 43) 




Sex X Reg — 

Scr (F = 1 38, 

df = 6, 82, p < 23) 





in this setting, cardiac deceleration and smil- 
ing would be the most efficient selection 

Since variables are weighted m multivariate 
analyses, replication of results is more im- 
portant here than for univariate procedures 
Four-month-old infants also viewed a series 
of two-dimensional slides composed of a 
photograph of a male face and a collage of 
that face (Kagan and McCall, 1967, for 
stimuli see Kagan et al, 1966) Again, on 
the basis of their first fixation to the photo- 
graphs, infants could be classified into those 
looking longer at the regular versus those 
looking longer at the scrambled collage of the 
photographed face A sex X regular-scram- 
bled MANOVA using the same dependent 
variables as above produced results that were 
almost identical with the prior analysis de- 
celeration ( 94) and smiling ( 39) again re- 
ceived the highest weightings, indicating that 
boys decelerated and smiled more than girls 
The other variables were assigned weights 
near zero Similarly, no other effects were 
evident 

Additional Applications 

If the design has more than one indepen- 
dent variable and several dependent vari- 
ables, MANOVA may be appropriate, What is 
the pattern of intellectual abilities in different 
socioeconomic status groups of several ethnic- 
racial subcultures? What is the nature of the 


effects of sex and socioeconomic status upon 
various facets of language development? In 
what patterns of personality traits are early 
and late maturing boys and girls different? 
What is the cluster of cognitive abilities which 
distinguishes reflective or impulsive boys and 
girls? Multivariate techniques may be used 
with experimentally generated as well as ob- 
servational data Not all measures of learning 
(number correct, trials to criterion, etc ) re- 
flect the same information, and therefore 
analysis of variance designs of children’s 
learning which employ several dependent 
measures may find MANOVA profitable 

CRITICISMS OF MULTIVARIATE 
PROCEDURES 

Multivariate techniques are often ques- 
tioned by researchers who are somewhat un- 
familiar with the procedures A few critical 
questions are now discussed 

Doesn’t weighting several variables to pro- 
duce the greatest possible correlation or dis- 
crimination capitalize upon chance? Yes, it 
does to some extent Although the sampling 
distributions used to test multivariate effects 
are appropriate for the number of variables 
involved and also to the weighted statistics 
being evaluated, multivariate results need 
experimental replication ]ust as beta weights 
and Rs m multiple regression demand replica- 
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tion Replication may take the form of ledomg 
the experiment and the analyses, or as m the 
case of multiple regression the obtained 
weights may be assigned to the dependent 
variables produced by a second group of 
subjects (or second half of the total sample) 
and univariate analyses performed on the 
resulting derived composite scores The need 
for such replication varies somewhat with the 
level of detail one wishes to highlight in the 
interpretation of multivanate analyses It is 
considerably less nsky to emphasize the fact 
that a canonical relationship or a discrimina- 
tion was or was not obtained than to focus 
conceptual and theoretical importance upon 
minor details, such as whethei variable A was 
assigned a weight of 40 or 50 Thus by 
placing more confidence in the general results 
and less m the specific details, one is less 
likely to build his house on sand Neverthe- 
less, although sometimes tedious, replication 
(even splitting the sample into two parts) is 
always valuable, and the researcher must 
decide if the advantages of multivariate pro- 
cedures (discussed later) are sufficient to 
make replication worthwhile 

Is it not a somewhat circular and biased 
procedure to determine whether or not a rela- 
tionship or a discrimination exists by employ- 
ing methods which are designed to produce 
the maximum possible effect? The weighting 
procedure is precisely analogous to that which 
exists m multiple correlation The techniques 
seek to determine whether there exists any 
linear combination of response variables that 
produce a significant effect Since there are 
many possible combinations of these mea- 
sures, the procedure picks only the weightings 
that generate a maximum effect, testing the 
resultant statistic against a known distribu- 
tion, which reflects the fact that there are 
many possible combinations of which the 
maximum has been selected If the maximum 
value is not significant, then a relationship or 
discrimination probably does not exist Con- 
versely, if the maximized statistic is signif- 
icant, it is incumbent upon the researcher to 
make conceptual sense of this fact. This in- 
terpretative phase may require a theory or 
additional empirical work, but it is not fun- 
damentally different from any other research 
situation — the statistical techniques attach a 
probability to a given statement but they do 


not provide a psychological interpretation for 
the result 

It seems that one has to resort to univariate 
procedures m order to interpret the results of 
multivariate analyses , so why perform the 
multivariate tests in the first place? Although 
multivariate procedures are direct extentions 
of their umvanate analogues, they pose a 
somewhat broader research question Is there 
any relationship at all between this class of 
variables and another class ? Can certain 
groups be distinguished in any way by this 
group of measures rather than by a single 
variate examined m isolation? Further, since 
multivariate results reflect the pattern of re- 
lationships among the measures, the interpre- 
tation made of the meaning and salience of 
any single variable may be quite different as 
a result of using multivariate as opposed to 
univariate analyses Thus, although it is cer- 
tainly true that umvanate tests help to in- 
terpret multivariate results, the two proce- 
dures often provide different types of infor- 
mation and even suggest different implications 
for the same research questions 

Since the results of multivanate procedures 
are frequently so intricate , qualified , and with- 
out convincing psychological interpretation, 
don't they confuse the issue more than they 
clarify it? There is no doubt that parsimony is 
a goal of science, but the law is to be applied 
only when the choice is between two equally 
plausible alternatives It is one thing for the 
scientist to invoke parsimony in a decision 
without an alternative basis of selection, but 
it is quite another to impose parsimony a 
priori Occasionally, the lack of parsimony 
exists m nature Further, there is no question 
that experimental control is more desirable 
than statistical control, but in the many cases 
m which experimental and scientific knowl- 
edge are not yet adequate to the task, it 
appears presumptuous for the scientist to a 
prion select a single measure or to ignore the 
interrelationships among the several depen- 
dent variables at hand Finally since responses 
do not ordinanly occur m behavioral isolation, 
the simplicity of methods relying upon the 
unnatural extrication of single measures from 
their behavioral context may be deluding 
Therefore the question should not be one of 
the facility of interpreting multivariate results 
but whether or not their complexity appro- 
priately matches the complexity of nature 
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Moreover, as psychology investigates increas- 
ingly more complicated phenomona it must 
also accept the responsibility of evaluatmg 
them in all their intricacy 

Doesn’t the result of a multivariate analysis 
depend upon the variables selected for in- 
clusion m that analysis ? Yes, it does, but the 
selection of dependent measures is always a 
major decision which determines the outcome 
of any experiment Is the result of a multi- 
variate experiment any more a spurious prod- 
uct of the cluster of dependent measures 
chosen than the result of an experiment in 
which an a prion decision restncts the em- 
pirical evidence to a single measure? 

What if the variables should be combined 
m a nonlinear rather than linear fashion? 
Smce most researchers do not run a nonlinear 
measure of correlation (eg, Eta) for every 
Pearson r they calculate, nonlineanty does not 
appear to be a de facto concern when using 
other techniques However, the assumptions 
of any model require examination, and the 
question of lineanty should be investigated 
empincally However, considering the perva- 
sive use of linear models in psychological re- 
search, there is little reason to question this 
assumption more m the context of multivari- 
ate procedures than in most univariate meth- 
ods (eg, Pearson r, the analysis of variance) 

ADVANTAGES OF MULTIVARIATE 
METHODS 

A first advantage is that multivariate meth- 
ods address general questions of relationship 
and discrimination If the researcher wishes 
to know if a relationship exists between two 
multifaceted concepts or whether or not sev- 
eral groups differ in any way on a set of 
dependent measures, then multivariate pro- 
cedures may be appropriate For example, is 


there any relationship between maternal be- 
havior and later dependency m the child' 5 
Can delinquent boys be discriminated from 
nondehnquents on the basis of parental dis- 
ciplinary techniques? Multivariate procedures, 
because they consider several measures m 
concert, ask a somewhat broader question 
than their univariate counterparts 

Second , if several variables possessing some 
psychological cohesiveness are measured, 
multivariate procedures are preferred over a 
proliferation of univariate tests m much the 
same manner as the analysis of variance is 
preferred over several t-tests 

Third, most responses should not be viewed 
tn isolation but as a conjunctive display 
There are several implications of this prop- 
osition First, the power of the analysis is 
often increased by using multivariate meth- 
ods As has been illustrated, a multivariate 
result may be significant without obtaining 
significant univariate Fs (though the reverse 
is also possible) Second, the pattern of re- 
lationships or interactions among the depend- 
ent variables constitutes important psycholog- 
ical information The relative weightings of 
variables and the detection of suppressorlike 
measures contubute another dimension of in- 
formation Third, the knowledge thus gamed 
by examining the pattern of several variables 
adds to the construct validity and interpreta- 
tion of the dependent measures themselves 
In summary, methods of data analysis pro- 
vide the researcher with models for the be- 
havior he observes The major feature of mul- 
tivariate models is that they make provision 
for considering the interaction among depen- 
dent (as well as independent) variables As 
such, they allow for exammation of a more 
global behavioral display rather than artifi- 
cially excising variables out of their natural 
context 
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19. Cognitive Development and Education 
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The study of cognitive development and 
the education of children have much m com- 
mon In both, the object of concern is the in- 
dividual over a considerable portion of the 
human life span Although the particular age 
interval falling within the purview of the 
two enterprises may diffei somewhat, the 
amount of overlap is still substantial The ages 
that fall within the compass of education may 
be limited to those covered by the median 
years of formal schooling, say kindergarten 
through grade 12 Or the education interval 
may be extended to cover one or two pre- 
school years at the lower end of the age scale 
and four to eight years of higher education 
at the upper end By either definition, the in- 
terval does not cover a span of years suffi- 
cient to circumscribe the major interests of 
many psychologists working m the field of 
cognitive development The concern of those 
interested m early periods of life exceeds the 
lower educational age boundary and the con- 
cern of psychologists interested in maturity 
and aging exceeds the upper educational age 
boundary But the concerns of educators 
themselves often overrun the conventional 
boundaries of formal education A number 
of university departments of education recog- 
nize as formal specialties both early child- 
hood education and adult education Thus 
the generalization stands that both education 
and the psychology of cognitive development 
largely share the same object of concern 
Educators and psychologists interested m 
problems of cognitive development have 
more in common than the object of their con- 
cern, They also share a principal interest in 
the same aspects of human functioning — the 
intellectual aspects Even though '‘intellec- 


tual” is as slippery a term as “cognitive,” it 
does serve to underline a relatively general 
consensus that the major emphasis both in 
education and m cogmtive development is 
not upon the social, emotional and physical 
aspects of human beings The educator’s in- 
tent is to institute those conditions that insure 
the acquisition of intellectual competence 
across the widest possible range of human 
beings and the psychologist’s is to specify de- 
terminants of intellectual competence in all 
human beings 

With so much substantive overlap between 
concerns m education and m cognitive devel- 
opment, effective commerce between the two 
should be guaranteed This expectation is 
strengthened by two additional conditions 
prevailing in education and m the psychology 
of cognitive development. The schools are 
beset by problems that obstruct the attain- 
ment of the educator’s goal of insuring the 
achievement of intellectual competence by all 
students Consequently schoolmen, for the 
most part, are open to suggested solutions for 
these problems On their side, psychologists 
working on cognitive development have al- 
ready obtained partial verification of some 
propositions as to the determinants of intellec- 
tual competence through research conducted 
under laboratory conditions To complete the 
task of verification, such research must be ex- 
tended to more naturalistic conditions, con- 
ditions that may be found m more appropriate 
form m the schools than anywhere else Such 
psychologists are also faced with the task of 
illuminating the very large number of remain- 
ing mysteries of cognitive development Work 
on this task might well begin with observa- 
tions made under conditions that explicitly 
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dnect the child toward intellectual activity in 
a relatively legular and orderly manner, that 
is, under school conditions Again, it seems 
warranted to conclude that profitable com- 
merce between education and the psychology 
of cognitive development is assured. 

But commerce between the two fields can 
have a variety of meanings, it can mean a 
gieat deal of interpenetration resulting m 
mutual progress or it can mean little more 
than conversations of varying degiees of for- 
mality with very little consequence Our con- 
sideration of this question will be one-sided 
we shall attend puncipally to the matter of 
expoits fiom the psychology of cognitive de- 
velopment to education Within this limita- 
tion, the question of commeice may be reduced 
to two forms “Does the psychology of cog- 
nitive development have relevance for edu- 
cation?”, and “Does the psychology of 
cognitive development have contributions to 
make to education?” As we shall see, the rel- 
evance of cognitive development for educa- 
tion is easiei to establish than the assertion 
that a substantial contribution to education 
will result from its study 

If the proposition is accepted that the 
greater the amount of information about chil- 
dren available to schoolmen, the better the 
chances of improving educational practice, 
then the products of the psychological study 
of cognitive development aie of obvious 
relevance In the weak sense of the term 
“relevance,” virtually all theory and research 
qualify, subject only to the restriction that it 
be valid Not only teaching, but curriculum 
design, production of educational materials, 
and other educational functions could bene- 
fit from the information produced by psy- 
chologists m the course of their work on 
problems of cognitive development Even 
psychological investigations that are planned, 
conducted, and completed without regard for 
educational problems may have relevance for 
educational practice But it is a separate 
question whether such investigations can 
effectively contnbute to education Establish- 
ing educational relevance requires only a 
modicum of facility in conceiving of relation- 
ships between education and cognitive devel- 
opment, whereas a conti lbution to education 
requires that the products of psychological 
theory and research result in alterations of 
educational practice and of its outcomes It is 


unlikely that such changes can be accom- 
plished without an explicit intention to do so 
That is to say, theory may have to be rewrit- 
ten m educational terms and research may 
have to be redesigned with an educational 
context clearly m mind When theory and 
research are revised m this manner, their 
components will have reference to school 
variables rather than to laboiatory conditions, 
to classroom procedures rather than experi- 
mental procedures, to teachers and students 
rather than experimenters and subjects, and to 
long- rather than short-term objectives This 
does not mean the present foim of education 
must be taken as unchangeable but that the 
matter of effecting educational change in- 
volves more than excellence m the construc- 
tion of psychological theory and research 

So far, each of the topics relating to the 
possibility of intei play between education 
and the psychological study of cognitive de- 
velopment has only been alluded to in gen- 
eral terms Before proceeding to a discussion 
of particular aspects of available psychological 
theoiy and research that have the potential 
for making educational contributions, or, at 
least, for being educationally relevant, these 
issues of the relationship between the two 
fields deserve a more detailed treatment 

EDUCATION, PSYCHOLOGY, AND 
COGNITIVE DEVELOPMENT 

Education is plagued by pioblems They 
aie widely recognized and pubhcly pro- 
claimed by both educators and laymen m 
speeches and m writing, in books and in pe- 
riodicals, in professional journals and in 
popular magazines, m reports of governmental 
agencies and of private foundations The 
broad consensus that problems exist begins to 
dissolve when it comes to specifying the 
nature of the problems and to recommending , 
possible solutions Nevertheless, the events 
that constitute evidence of the existence of 
problems permit a generalization. vThere is 
enoimous variation m the outcomes of school- 
ing, whether that variation is measured in an 
absolute way in terms of failures to reach 
some agreed upon standard of accomplish- 
ment or, m a relative way, in terms of differ- 
ences among individuals in the extent to 
which they attain any particular level of 
accomplishment Consider, for example, the 
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substantial (although decreasing) proportion 
of individuals who do not complete a high 
school education, that is, the widely-publicized 
drop-out problem Or, m a more relative 
vein, consider the striking variations among 
individuals m performance on a standard- 
ized examination of educational-intellectual 
achievement such as the Armed Forces Quali- 
fication Test In 1966, the proportion of per- 
sons who failed (those scoring below the 10th 
percentile) the so-called mental test for en- 
trance mto the Armed Forces was 11 5% 
(Department of the Army, 1967) Another 
feature of these variations compounds the 
problems for the schools within this society, 
this is the fact that the proportion of failure is 
not equal across all groups within the culture 
For example, 27% of Negroes failed the 
armed services mental test, whereas the pro- 
portion for whites was only 4 3% (Depart- 
ment of the Army, 1967) 

Variations of this sort and of this magni- 
tude emerge eailier than at the secondary- 
school level Withm a single school system, 
for instance, the average performance of 
junior high school students on standardized 
tests of reading, writing, and arithmetic 
achievement may be above the 95th per- 
centile m a predominantly white school, 
whereas that of students m a predominantly 
Negro school may be below the 15th per- 
centile To continue on down the age scale, 
the performance of first-grade childien on 
tests designed to assess readiness for initial 
formal reading instruction results m similar 
variation m rates of failure across ethnic and 
socioeconomic (SES) groups Thus the prob- 
lem is pushed back further to the point where 
some are tempted to conclude that eventual 
drop-outs can be detected at preschool ages 
(Jensen, 1968) If this is so, then the schools 
face the task of effectively upsetting these 
predictions by means of the practices they 
implement for the education of children An 
enormous task it is, given the variation that 
exists when the children first enter the formal 
educational system and given that schooling 
appears to amplify rather than reduce the 
magnitude of individual differences (Anastasi, 
1958). 

The response of both educators and inter- 
ested laymen to these problems has been sub- 
stantial and varied, Unprecedented amounts 
of money have been earmarked by govern- 


mental agencies and private foundations for 
experimentation m educational practice m the 
schools New techniques of instructional orga- 
nization have been initiated from team teach- 
ing to reduced numbers of students per 
classroom and from elaborate homogeneous 
grouping of students to ungraded schools with 
heterogeneous grouping New curricula have 
been developed and introduced m the schools, 
especially m mathemetics and the sciences 
Special services have proliferated and the 
ranks of those engaged m them have been in- 
creased school psychology, counseling, speech 
therapy, remedial reading, special teachers 
of the retarded, and so on In most of these 
specialties, practice requires that expertise 
come into play only after problems emerge m 
specific childien, and there is no paucity of 
work to be done m any of the fields men- 
tioned Preventive approaches have been ini- 
tiated with preschool and early elementary 
school children, notably m the federally 
financed Project Headstart 

In some cases, these responses to educa- 
tional problems are too new for proper evalu- 
ation and m other cases specific programs 
have been successful, some marginally, others 
impressively so Still, the general result has 
been little change in the range of variability 
m the outcomes of education (Stephens, 
1967) The problems still persist and for 
those directly involved — teachers, parents, 
students — the problems are more pointed than 
these summary remarks can make clear There 
is no mistaking the dedication of those bend- 
ing their efforts in the search for solutions, and 
yet the goal still exceeds the struggle toward 
it 

Schoolmen, m large numbers, know and 
admit that the problems exist As educators, 
they are eminently receptive to potential solu- 
tions The members of social groups among 
whose children school failure is dispropor- 
tionately large insist upon changes in edu- 
cational practice that will substantially reduce 
the disparities Broad press coverage is given 
to vocal critics of the schools As a conse- 
quence of these and other conditions, school- 
ing is open to innovation and to substantive 
contributions to educational practice almost 
without regard for their source Consider, for 
example, the adoption by one school district 
of a technique originally developed for the 
retraining of mentally retarded children as a 
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part of their program for culturally disad- 
vantaged students Whatever the merits of 
the technique m the case of the population 
for which it was developed, there is little 
indication that it is even relevant for those 
children with whom this school district must 
deal Nevertheless the practice has been im- 
plemented eagerly by those involved 

The situation in education clearly warrants 
optimism as to the kind of reception relevant 
psychological theory and research might 
leceive The present situation also justifies 
optimism about the prospect that the work 
of many psychologists will be directed toward 
educationally relevant problems Historically 
it is possible to discern three loosely defined 
periods since 1900 with respect to the rela- 
tionship between psychology and education 
The first was marked by substantial efforts on 
the part of psychologists to speak to matters 
of classroom practice as they directly affected 
learning (Thorndike, 1931, Dewey, 1916) It 
was also marked by the beginning of efforts 
to devise tests to measure the effects on school 
learning of previous educational experience 
and of abilities brought to that experience 
But the latter movement was only in its in- 
fancy during this period, whereas it dom- 
inated what may be distinguished as the 
middle period During the first period, a truly 
major figure m the history of experimental 
psychology, E L Thorndike, addressed him- 
self to problems of educational practice and 
did contribute to changes m practice By 
contrast, during the middle period, the major 
figures among psychologists who contributed 
to changes m educational practice came from 
the fields of differential psychology and 
measurement Eminent investigators such as 
Terman and Thurstone along with Wechsler 
and many others promoted the remarkable 
growth m the use of aptitude tests m schools 
The alliance between the psychological 
testing movement and the schools grew 
strong and commerce between the two was 
frequent and substantial Three major func- 
tions were served by testing First, tests per- 
mitted objective, systematic evaluation of 
changes m students as a function of age and/ 
or education Second, it became possible to 
detect differences among individuals with 
respect to educational promise, And, third, it 
became feasible to reduce the magnitude of 
variability within classroom units by classify- 


ing children with respect to what the tests 
measured and, for the purposes of instruc- 
tion, grouping them relatively more homo- 
geneously than had previously been possible 
The first of these functions prepared the 
way foi the more recent awareness of the 
magnitude of school failure The availability 
of relative achievement data made visible the 
great extent of variation m educational out- 
comes The second function was a necessary 
pierequisite for the third one, that is, the 
gioupmg of children according to tested abil- 
ity Of the three functions, it was the third 
that had the greatest impact on classroom 
conditions of learning Even here, howevei, 
the impact was indirect it had minimal refer- 
ence to proceduies used m the classroom Its 
influence was on the composition of the mem- 
bership of classroom units or of subunits with- 
in classrooms 

A more advanced potential function was 
not quickly realized m practice during this 
middle period and still remains only partially 
fulfilled The development of reliable instru- 
ments for the classification of children m 
terms of intellectual ability and achievement, 
along with the corollary development of 
grouping practices, permitted the systematic 
design of different curricula, tailored to accom- 
modate the individual differences revealed by 
testing programs m the schools The term cur- 
ricula as used m this context does not refer to 
widely divergent educational programs as 
exemplified by the difference between an 
academic and a vocational curriculum Rather, 
the reference is to cases m which the educa- 
tional objectives for several different cate- 
gories of students are virtually identical, but 
the means for attaining them are varied to take 
account of the revealed ability and achieve- 
ment differences between the groups This is 
not to say that no curricular variations were 
introduced by the inception of classificatory 
techniques and grouping practices within 
the schools, foi these did indeed ensue But, 
for the most part, these variations consisted 
m simply diluting or emichmg the content to 
be mastered With a few exceptions, say, for 
the mentally retarded and the neurologically 
handicapped, minimal vanation was intro- 
duced into the methods by which schoolmen 
attempted to forward the progress of students 
toward common educational objectives* 

During the second major historical period 
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identified by the influential role of psycho- 
logical testing, experimental psychologists 
were largely concerned elsewhere, not with 
problems of educational practice and school 
learning For example, the major figures m 
the field, Hull and Tolman, were almost en- 
tirely concerned with laboratory research, 
phenomena produced m the laboratory, and 
the building of theories m which laboratory 
restrictions provided the boundary conditions 
With the onset of the third discernible his- 
torical period, the attention of some estab- 
lished figures within experimental psychology 
gradually began to shift to phenomena ob- 
served in school settings and many young 
psychologists embarked upon their careers 
with considerable sensitivity to educational 
phenomena A few examples will suffice to 
illustrate the point Among established psy- 
chologists, increasing attention to education 
is shown in the publication of "The Science 
of Learning and the Art of Teaching” by B F 
Skinner in 1954, The Process of Education by 
J S Bruner m 1960, and Conditions of Learn- 
ing by R M Gagn6 m 1965 Among psychol- 
ogists whose doctoral degrees were taken 
after 1950, A R Jensen, J Kagan, and A W 
Staats illustrate the magnitude of interest 
given to educational problems from a psy- 
chological viewpoint Finally, the growth m 
membership of the Division of Educational 
Psychology between 1950 and 1966 substan- 
tially exceeded the average of that m the 
Divisions of General, Experimental, and De- 
velopmental Psychology (1431 versus 456) 
Despite the impressive evidence that can be 
marshalled to demonstrate an increasing rec- 
ognition by both schoolmen and psychologists 
of the relevance of psychological theory and 
research for education, the possibility that 
such theory and research will make substan- 
tial contributions to education is still quite 
uncertain There are two general classes of 
reasons for this uncertainty The first concerns 
the character of the educational system itself 
and the second has to do with the feasibility 
of reworking what is essentially psychological, 
not educational theory and research within the 
framework of the conditions of educational 
practice On the latter point there is sharp di- 
vergence among psychologists as to the strate- 
gies that should be followed in order to permit 
contributions to be made, as will be docu- 
mented shortly 


It is possible to single out instances m which 
particular schools or particular school systems 
have readily adopted new educational pro- 
cedures Nevertheless, behaviois m the class- 
room on the part of both teacheis and stu- 
dents are not easily changed in marked, 
systematic, and relatively permanent ways 
The classioom itself, for example, has persisted 
as the primary unit of school organization m 
spite of a complete absence of evidence that 
it promotes optimum learning and develop- 
ment 

One factoi that makes the possibility of 
substantial change m educational practice 
seem i emote is the decentralization of con- 
tiol m educational systems To say that edu- 
cational practice has not changed much m the 
past 50 years is not to say that it is homo- 
geneous Variability, not constancy, is the 
striking characteristic of educational practice, 
at least on the face of it, when observational 
comparisons are made across classrooms and 
across schools Even m an educational effort 
that is subject to more centralized control 
than any other, Project Headstart, there is 
very little evidence of consistency m practice 
from classroom to classroom, whether with 
regard to teacher behavior, student behavior, 
group organization, or curriculum (Williams 
and Stewart, 1966, Boyd, 1966, Temp and 
Anderson, 1966) The implication of such 
persistent variability is that ordeily, systematic, 
generalized change m educational practice 
will be very difficult to promote 

Change is difficult but not impossible to 
effect The question is* "How can the lever- 
age necessary for change be obtained?” One 
of the first loci of such leverage that comes to 
mind is the teacher It seems that it should be 
possible to modify teacher training markedly 
enough to produce dramatic changes m edu- 
cational practice, But this assumption may be 
fallacious For it is probable that since the 
institutions that tram the largest proportion of 
the nation s teachers are less subject to ex- 
ternal pressure for reform, they may be even 
more resistant to change than the public 
school systems themselves Furthermore, as 
Gagn6 argues, 

The idea that teachers can by themselves 
bring about the changes required to modern- 
ize education is itself part of what needs 
changing Teachers cannot possibly do all of 
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the things they aie supposed to do, or that they 
say they are responsible for doing They do not 
have the time, not to mention the capabilities, 
to design cuincula, execute curricula, design 
instruction, execute instruction, guide indi- 
vidual development, measure individual prog- 
ress, and consult with parents (Gagne, 1966a, 
p 49) 

If not m the teacher, the leveiage for change 
must be found elsewhere Whatever the 
method decided upon, it should permit the 
incorporation of relevant theory and infor- 
mation regaidmg cognitive development, in- 
sure control over content, procedures, order- 
ing, and organization of instruction, and 
provide for the evaluation of the outcome of 
the changes instituted relative to a previously 
specified set of cnteria Gagne (1966a, p 52) 
makes a strong case that these things can be 
achieved where research itself undei takes to 
“design, develop and evaluate systems of edu- 
cation* (For a complete account of recom- 
mendations m this vein, the reader is referred 
to Gagne, 1966a, pp 52-57) Thus hopeful 
avenues for effecting change can be delin- 
eated, but even this does not obviate all of 
the obstacles in the way of substantial flow 
of contributions from research and theory m 
the psychology of cognitive development to 
educational systems The issue m this con- 
nection is what the psychology of cognitive 
development has to offer education presently, 
and how psychology can go about enhancing 
theory and research to the point where the 
offering can be substantially increased 

At least two major strategies have been 
elucidated whereby psychological theory and 
research may be able to contribute to educa- 
tional practice These strategies are markedly 
divergent in their content and m their impli- 
cations for psychological practice Consider 
the antinomies among the following sets of 
quotations 

The fact that schooling is regarded as an 
organic process does not mean that it cannot 
be improved. , True enough, our frantic 
manipulation of the externals of schooling 
has produced no such improvement These 
efforts have tried to produce improvement 
while ignoring the humble, basic processes by 
which schooling proceeds When we honestly 
turn to a realistic study of these ancient, 


earthy and pervasive forces themselves, who 
knows what improvement may result? (Steph- 
ens, 1967, p 14) 

Under these circumstances, it seems to me 
the better part of wisdom to find the good 
school situations — and engage in close 

observation and intellectual resonance, then 
try to recreate such situations and make them 
moie abundant and reproducible, no holds 
barred (Hawkins, 1967, p 4) 

Develop the best pedagogy you can See 
how well you can do Then analyze the 
nature of what you did that worked. Latei 
on, design hypotheses to determine what you 
did (Bruner, 1966e, p 113) 

The majoi thrust of the three positions repre- 
sented by these quotations is that the strategy 
recommended for improving educational prac- 
tice is find and observe schooling m its “best” 
present form, attempt to understand it, and 
by undei standing it as it is, increase the capa- 
bility for improving it 

By way of contrast, consider the following 
quotations from Gagne (1966a) 

, [E]ducation needs to be newly designed 
in a very fundamental way — a way which 
devotes primary attention to the development 
of the human individual from early years 
onward (p 51) 

If we are satisfied with our present 
system, the application of knowledge about 
learning can only refine the preparation of 
textbooks and the nature of teacher proce- 
dures, it cannot be expected to demonstrate 
improvements of great magnitude In con- 
trast, the full exploitation of learning knowl- 
edge is possible m a newly designed system 
of education which focusses attention upon 
the individual learner and his continued 
development (p 57) 

The position implied here is that schooling m 
its present form, even at its best, is not suffi- 
ciently effective to deserve intensive study if 
the objective is to improve educational prac- 
tice Furthermore, this view assumes that 
knowledge gained in the psychological study 
of learning and development can contribute 
to education, whereas the position contained 
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m the former views is that much available 
psychological theory and research is grossly 
mappiopnate for application to the pioblems 
of schooling 

The strategy mheient m the views of 
Stephens, Hawkins, and Bruner suggests ths 
the path to educational improvement should 
begin with a theory that accounts for the 
process and results of present schooling prac- 
tices The view enunciated by Gagne and 
held by many otheis (see Skinner, 1958, Mel- 
ton, 1959) suggests that the path begins with 
a theory that explicates the process of learning 
itself The former view asserts that an under- 
standing of the process of schooling will have 
implications for the practice of educationally 
relevant psychological research The latter 
view implies that what is known about the 
conditions of learning has application m edu- 
cational practice, indeed that it dictates a 
radical leorganization and redesign of edu- 
cational practice 

This difference of opinion regarding an 
optimal strategy for relating psychological 
theory and research to educational piactice 
may be summanzed as follows First, there is 
little disagreement among psychologists that 
their craft, in one form or another, has rele- 
vance for the solution of educational problems 
Second, there is considerable disagreement 
among psychologists about how to succeed m 
making positive contributions to educational 
practice and therefore about whether or not 
it is even possible Finally, the dispute indi- 
cates that the eventual result of following 
either strategy is presently unknown and the 
choice remains, for the time, a matter of per- 
sonal propensity From all of these conditions 
it seems to follow that education and psy- 
chology are separated from one another by 
no more than a membrane but that this mem- 
brane may be successfully penetrated only 
with great effort and care. 

The stance that will be assumed here re- 
garding the relevance of a psychology of cog- 
nitive development for education and the 
possibility that contributions will m fact be 
made to change educational practice differs 
somewhat from those that have been reviewed 
thus far This position is that the question of 
relevance in its superficial sense should be 
disposed of quickly, Virtually anything that 
psychologists do by way of advancing our 
knowledge of cognitive development will be 


relevant to education because of the shared 
concerns of the two fields If this were the total 
of what could be said, its substance would be 
that everything, and therefoie nothing, m the 
psychology of cognitive development would 
have relevance for education Fortunately, 
more can be said 

In our view, the piobability that psycho- 
logical theory and research will have effective 
relevance for education is conditional upon 
the way in which investigators proceed The 
most favorable starting point is marked by 
the activity of subjecting some educational 
objective to psychological analysis As a first 
step, this activity has two virtues First, it 
pioduces a formulation of the problem in 
psychological terms, a necessary prerequisite 
foi any kind of fiuitful investigation Second, 
it insures that the pioblem investigated will 
be geimane to education Too much available 
psychological research lacks effective educa- 
tional relevance simply for want of an addi- 
tional condition or two that would have made 
it isomorphic with some form of school learn- 
ing 

After the task of formulating a problem m 
psychological, that is, researchable, terms has 
been accomplished, the next step is to sub- 
divide it into components that will yield to 
the methods of basic experimental research 
This may sound quite traditional, differing 
little from the course followed in the past 
Nevertheless, it may be suggested that it does 
differ and that it differs significantly It is 
plausible that the relation between psychology 
and education has suffered not so much from 
an overabundance of laboratory research and 
a paucity of field research, hut from the fact 
that laboratory research, since the early part 
of the century, increasingly has taken as its 
objective the understanding of phenomena 
detected m the laboratory itself rather than m 
more natural settings Thus the task of gen- 
eralization to socially occurring tasks has been 
made formidable by the lack of fit between 
laboratory phenomena, on the one hand, and 
the phenomena of the schoolroom, on the 
other The point is not to depreciate this 
strategy for advancing psychological knowl- 
edge but to emphasize the availability of an 
alternative that has potential both for acquir- 
ing basic knowledge and for contributing to 
education 

The results of basic research performed on 
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component problems yielded by analyses of 
school phenomena should have effective rele- 
vance for education, such results should pro- 
vide curriculum makers with guiding informa- 
tion as to the necessary components of optimal 
curricula For example, suppose the objective 
is to assemble the components necessary for 
an effective curriculum m reading The psy- 
chologist can provide for the curriculum 
maker an analysis of the skills necessary for 
attaining reading competence, specifications 
of an optimal sequence for promoting the 
acquisition of those skills, specifications of 
conditions for acquiring each skill most effi- 
ciently, information about individual differ- 
ences relevant to the efficacy of such condi- 
tions, as well as means of indexing and then 
providing foi these differences It is here, m 
the processes of devising curncula, that direct 
contributions to educational change can most 
likely be made But note that the agent of 
change is not a psychologist as a psychologist, 
although he may happen to be one, but as a 
curriculum maker The contents of curncular 
matenals, the conditions of their administra- 
tion to students, and the procedures for mon- 
itoring their administration to insure proper 
implementation — these are prime sources of 
educational change and the psychology of cog- 
nitive development is not at the heart of the 
process Psychologists, even those whose ob- 
jective is the understanding of cognitive de- 
velopment, have no special qualifications for 
constructing curricula They are well qualified, 
however, to produce information that can 
inform those who do make curricula and it is 
by performing this function that psychologists 
can contribute substantially, although indi- 
rectly, to educational change 

The potential for contributing to education 
does not end here, with the discovery of basic 
information lelevant to school phenomena For 
rarely will a curriculum embody and exploit 
properly or fully available psychological in- 
formation m its first version It would be 
equally rare for all the basic psychological 
information to be valid when generalized to 
the school setting Revision should be the rule, 
revision attendant upon trial, evaluation, and 
additional basic research provoked by trial 
and evaluation Thus the psychologist of cog- 
nitive development has additional functions 
relevant to the development of curricula His 
expertise and understanding are needed for 


pioper evaluation of the effects of a curric- 
ulum upon the cognitive capabilities of the 
students involved These qualities are also 
needed for the solution, probably through 
additional laboratory research, of puzzles pre- 
sented by the results of curricular efforts, 
puzzles relevant to both the advancement of 
basic psychological theoiy and the effecting of 
salutary educational change For example, the 
method of learning sets is known to be a 
powerful piocedure foi establishing discrim- 
ination skills in relation to laboratoiy tasks 
When applied to the acquisition of letter 
discrimination as a part of early reading train- 
ing, however, it might prove ineffective Thus 
might an explanatory puzzle be posed for 
psychological theory and a practical obstacle 
be placed in the way of educational improve- 
ment 

Note also that this view of the possible 
growth of relationships between cognitive de- 
velopment and education requires an alliance 
among psychologists, curriculum makers, and 
probably teachers and other schoolmen as 
well Such an alliance need not be constant 
but it is crucial at two points The first is 
that at which the curriculum maker attempts 
to map psychological information into cur- 
ricular materials and procedures — at this 
point the effective communication of his work 
is mainly the psychologist’s task Second, 
the processes of evaluation and subsequent 
revision require a well-functioning liaison be- 
tween these disparate agents, so that the sense 
of evaluation can be made clear to all con- 
cerned and so that the implications of eval- 
uative results can be persuasively explicated 

Thus far m the discussion, “psychology” 
and “the study of cognitive development” 
have been used rather indiscriminately, al- 
most as if the referents of the teims were 
identical Obviously this is not the case and 
before proceeding further, it is well to clarify 
the extent and the limits of the domain with 
which we are concerned As we regard educa- 
tion, our concern shall be with psychological 
theory and research m the area of cognitive 
development Consistent with this avowed 
purpose, little consideration will be given to 
matters of personality growth and develop- 
ment, physical growth and development, or 
group processes and organization We shall 
admit within our view topics such as learning, 
problem-solving, concept attainment, cognitive 
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style, individual differences in intellectual be- 
havior, perceptual development, reasoning, 
psycholinguistics, attention, and even meas- 
urement and evaluation Our principal focus 
shall be on the changes and constancies in 
these psychological functions and attributes 
as the human organism grows and our aim 
will be to relate this focus to the problems of 
schooling and the needs of educational prac- 
tice 

The succeeding discussion is organized m 
terms of educational needs on the one hand 
and corresponding resources m the psychol- 
ogy of cognitive development on the other 
The educational needs emphasized are those 
implied by the educational problems already 
noted The assumption here is that as solu- 
tions to the problems are obtained, the needs 
will be met 

TOWARD A RATIONALE FOR 
EDUCATIONAL PRACTICE 

At a very general level, schoolmen need a 
widely acceptable rationale of educational 
practice, Such a rationale would be comprised 
of many components, each of which should 
serve to satisfy relatively more specific educa- 
tional needs underlying the problems with 
which schoolmen must deal Some of these 
components could be furnished with contribu- 
tions from the psychological study of cognitive 
development and it is to these components 
that we now turn our attention. 

A Theory of Educational Development 
Even though the term “theory” interpreted m 
its strict sense may be inappropriate m this 
context, it will be used to refer to a set of 
assumptions about the nature of the processes 
whereby students come to be educated and 
about the kinds of conditions that affect those 
processes Substantial contributions to this 
component may come from selective revisions 
of theories of cognitive development that have 
been made and are being made by psychol- 
ogists 

Criteria of Successful Education. An ade- 
quate rationale of educational practice ought 
also to specify the objectives or goals of the 
educational process. The broad goals of edu- 
cation must, of course, be determined by a 
number of agencies in the society, not by 
psychologists alone. Nevertheless, the work of 
psychologists in the area of cognitive develop- 


ment can contribute to efforts m this direction 
by analyzing the criteria into psychological 
components and by providing behavioral 
translations of these components In this con- 
nection we are concerned with rather broad 
capabilities, such as that of intelligent be- 
havior, or creative thinking, rather than with 
narrower capabilities such as those that might 
be specified as the proper outcome of the 
completion of courses m secondary-school 
mathematics 

Curricula Leading to Criterial Attainment 
Once the criteria of a successful education are 
specified it becomes necessary to consider the 
means by which students can be guided to 
them In educational terms such a specifica- 
tion involves the description of curricula. In 
psychological terms, this task involves de- 
scribing the capabilities necessary for the 
attainment of the criteria and the order of 
their acquisition or emergence in the develop- 
mental course of the student The task cannot, 
however, end here, for formal education is 
interventionist m nature, not observational 
Thus the psychologist's role may be larger 
than that of describing developmental se- 
quences of capabilities It may include as 
well the function of specifying the conditions 
and sequences of learning that are most fruit- 
ful at the various developmental statuses 
These two functions of the psychologist's role 
can be brought directly to bear on educational 
practice m his efforts to collaborate in the 
construction and revision of curricular ma- 
terials 

Prerequisites for Curricular Educability. 
Another major educational need is the need 
for a specification of the prerequisites a stu- 
dent must have m his possession m order to 
make successful use of succeeding curricula 
Statements of these prerequisites must be 
made separately for each of the major educa- 
tional junctures Perhaps the most important 
of these junctures is at the very beginning of 
formal schooling and, fortunately, the re- 
sources m the psychology of cognitive de- 
velopment are probably richest with respect to 
just this juncture Other junctures can be 
identified but for the moment it will suffice 
to think m terms of the succession of grade 
level interchanges that form the major demar- 
cations of schooling In each case the question 
to be answered is What are the capabilities 
that are assumed to be m the student's reper- 
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tory by the curncula that will next be imposed 
on him? Resources relevant to this question 
that are presently available m psychological 
theory and research are of two kinds First, 
they consist of descriptions of the capabilities 
that a child brings to any given educational 
juncture by virtue of his developmental status 
Second, resources are to be found in analytic 
studies of the tasks that underlie school cur- 
ricula The results of such studies yield speci- 
fications of capabilities necessary for the suc- 
cessful accomplishment of these tasks Thus 
psychological work on cognitive development 
can provide cutical information about the 
extent to which the capabilities a child brings 
to a curriculum mesh with the prerequisites 
dictated by the nature of the curriculum 
Indexing the Possession of Prerequisites 
Another component of an adequate educa- 
tional rationale is the development of means 
for determining whether or not, or to what 
degree, a prerequisite is in the repertory of 
a student It is one thing to describe the 
capabilities that are required by immediately 
succeeding tasks and another to construct 
means for indexing the student’s possession 
of those capabilities One of the glaring 
weaknesses m available methods of assessing 
intellectual status is their inability to reveal 
what has been learned m direct relation to 
(1) curncula completed and to (2) curncula 
scheduled to follow immediately Help for 
this condition is probably not to be found m 
traditional work on problems of psychological 
assessment but instead m research on cogni- 
tive development That is to say, the custom- 
ary approach to the measurement of individual 
differences assesses the status of an individual 
by comparing his performance with that of 
other comparable individuals So that, for 
example, a first-grade child may be judged 
to be progressing adequately if his perform- 
ance on a reading achievement test is equiv- 
alent to the average performance of all other 
first-grade childien Unfortunately, judg- 
ments made in this fashion may be entnely 
irrelevant to the questions whether the child 
has learned what was intended in the first 
grade and whether he possesses the pre- 
requisite capabilities for successful perform- 
ance in the second grade Accordingly, a 
different measurement model is required for 
application in education, and such a model 


may be found in the practice of psychologists 
who conduct experimental research on cog- 
nitive development In an experiment on 
learning, for example, a subject’s performance 
is measured by comparing it with a criterion 
rather than with the performance of other 
subjects m the experiment The criterion m 
these cases is simply a behavioral translation 
of what the subject was instructed to learn, 
such as making response A to sentences in 
the active voice and response B to sentences 
m the passive It is precisely this kind of mea- 
surement that is necessary for adequate index- 
ing of the possession of curricular prerequi- 
sites 

Facilitating the Acquisition or Emergence 
of Prerequisites If the need for adequate as- 
sessment methods is satisfied, it will still re- 
main to construct procedures for speeding up 
the processes wheieby prerequisites emerge 
At one level, the psychology of cognitive de- 
velopment cannot presently supply unequiv- 
ocal answers to this problem since such would 
presuppose the resolution of a corresponding 
issue m psychological theory itself This issue, 
of course, is to what extent expenence can 
alter the pace of matmation But as empirical 
work continues toward a resolution of this 
abiding dispute, considerable information is 
pioduced And this information largely con- 
cerns methods for facilitating the acquisition 
of capabilities whose emergence is a function 
of experience 

Providing for Individual Differences In- 
evitably, individuals differ For educators, 
the pervasive character of such differences 
creates an enormously important brace of 
needs The first is for reliable and fruitful 
methods of identifying the nature of these 
differences in educationally useful terms. The 
second of the needs is for effective methods 
of dealing with such differences once they are 
identified Although the psychological study 
of individual differences m intellectual cap- 
abilities has a relatively long history, help for 
education is to be found not so much here as 
m the field of our present focus Even though 
the psychology of cognitive development is 
comparatively young, it is beginning to pro- 
duce important ideas about assessing and 
providing foi individual differences that may 
contribute substantially to fulfilling this signal 
educational need 
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CONTRIBUTIONS TO A THEORY OF 
EDUCATIONAL DEVELOPMENT 

Two rather distinct kinds of efforts to re- 
work psychological theones m the interest of 
enhancing their relevance for education may 
be distinguished The first effort emphasizes 
maturational processes, drawing heavily upon 
the work of Piaget (1952) One of the prin- 
cipal veisions of this kind of theoiy has been 
promulgated by Bruner (1966a, 1966b, 
1966c, 1966d) The second effort emphasizes 
learning over maturational piocesses, one of 
its major exponents is Gagne (1965a, 1965b, 
1965c, 1966a, 1966b, 1968) 

In thinking about theones of cognitive de- 
velopment while keeping educational pur- 
poses m mind, it is tempting to set forth 
alternative conceptions, that is, ones that are 
opposing and mutually exclusive An apparent 
beginning m this direction appears m the 
present organization of the topic into two 
separate sections pitting a matuiational em- 
phasis against a learning emphasis Let it be 
clear, however, that here this adversary ap- 
proach is more appearance than substance 
With regard to educational purposes, the 
viewpoints are often not at all mutually ex- 
clusive Indeed, at some points they are com- 
plementary And, as we shall see, the two 
types of theory, even when taken together, 
leave a number of impoitant gaps for a theoiy 
of educational development 

A word is m order about the strategy used 
here of concentrating attention on single 
representatives of major theoretical positions 
The choice is not based on the mistaken be- 
lief that these are the only exemplars avail- 
able m each category nor upon the judgment 
that they will necessarily prove to be the 
most fruitful Rather, the specific expressions 
of the two viewpoints were selected because 
their authors, to a somewhat greater extent 
than others, have concerned themselves not 
only with the construction of a theoretical 
position m the psychological domain but also 
with drawing implications for and making 
contributions to educational theory and prac- 
tice In consequence these theoretical view- 
points are especially well-suited for examina- 
tion with respect to their relevance for 
education 


A Maturational Emphasis 

A schoolman may be principally concerned 
either with what it is a child learns and how 
well he learns it oi with what functions the 
child will be capable of performing at the 
end of some learning episode In fact, the 
schoolman is properly concerned with both, 
with the extent to which students master set 
theory and with the extent to which they can 
engage in effective mathematical leasomng 
Nevertheless, there are two different em- 
phases here and they emerge in parallel 
fashion when we examine theories of cognitive 
development In a theory that partakes more 
of a maturational than a learning viewpoint, 
the emphasis is on the relatively longer term 
and moie geneial functional capabilities of 
the maturing organism and on the structures 
that underlie them 

What Bruner (1966c) has called instru- 
mental conceptualism is representative of a 
theoretical viewpoint having a maturational 
emphasis Characterizing the theory, he notes 

In brief, it is a view that is organized 
around two central tenets concerning the na- 
ture of knowing The first is that our knowl- 
edge of the world is based on a constructed 
model of reality, a model that can only par- 
tially and intermittently be tested against 
input [T]he second is that our models 
develop as a function of the uses to which 
they have been put first by the culture and 
then by any of its members who must bend 
knowledge to their own uses (pp, 320-321) 

In more conventional language, instrumental 
conceptualism holds that what is known is 
constiamed and determined by characteristics 
of the organism (fiom within) and by char- 
acteristics of the environment, especially the 
cultural environment (from without), in 
which the organism grows Innate propen- 
sities are granted by the theory and, m fact, 
justify the importance given by it to the tenet 
that reality is ^constructed ” For in this view, 
human beings exhibit far more competence 
than would be expected on the basis of the 
experiences they have had The best known 
example m this regaid is linguistic compe- 
tence It can be shown that adults have the 
capacity to construct an infinite number of 
different sentences, all of which may be gram- 
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matical Clearly, this capabihty cannot be ac- 
counted for entirely by what an individual 
hears, some mechanism for generating sen- 
tences must be posited Furthermore, it turns 
out that any mechanism adequate to account 
for linguistic competence must have certain 
properties that cannot be acquired solely 
from the experiences that human beings have 
Accordingly, it is necessary to assume that 
human beings have a propensity for the de- 
velopment of certain linguistic mechanisms 
and that the particular one that does develop 
m an individual depends upon the specific 
language he hears Thus the linguistic en- 
vironment determines which of several in- 
herent mechanisms is activated, but the 
environment does not account for the formal 
properties of the mechamsm Similarly, when 
this view is extended to knowledge acquisition 
and intellectual capabilities m general, it im- 
plies that the organism must build its reality 
on the basis of relatively little information and 
such building involves the modification of 
inherent capacities The occasions for and the 
possible forms of modification are both pro- 
vided and limited by the environment 

Central to this theory of cognitive develop- 
ment is the notion of representation The 
media and objectives of representation, in- 
deed, form both the criteria of the extent of 
development and the major content of what 
has developed m an organism to any par- 
ticular point m time 

The concern with representation is a con- 
cern with the ways in which the organism's 
experience with its world are encoded and 
stored Three media of representation are 
distinguished action (enactive representa- 
tion), image (ikonic representation), and 
symbol (symbolic representation) Each one 
of these media of representation, according 
to Bruner, can be used m the service of the 
objectives of symbolic manipulation, image 
organization, and motor action Note that 
each mode of representation is versatile m 
this sense, it can be recruited m the service 
of objectives that seem more akin to one of 
the other modes Symbolic representation, for 
example, can be useful m the organization of 
action, as when a paragraph specifies the 
steps to be taken and the order in which to 
take them to accomplish such an objective as 
finding one's way to the nearest gas station* 

Despite the each-to-all relationships obtain- 


ing between media and objectives of repre- 
sentation, the three media are construed as 
landmarks of development Such a construc- 
tion can be placed upon the media by virtue 
of the sequence of their inception in the cog- 
nitive activities of the child, it is supposed 
that the enactive mode emerges fiist, followed 
by the ikonic, followed, m turn, by the sym- 
bolic It must be noted m this connection that 
the theory is not a simple one It does not 
refer to an enactive stage nor to an ikonic or 
a representational stage It does not contend 
that enactive representation is replaced by 
ikonic lepresentation, each kind of repre- 
sentation can be and is used at all ages after 
its inception so that an older adolescent in 
this culture would be expected to exhibit all 
three kinds of representation Finally, the 
theoiy is not simple m the sense that it as- 
sumes the three modes of representation to 
be universal m terms of the forms m which 
they develop, that is, constant across cultures 
On the contrary, the viewpoint explicitly 
contains a description of at least one culture 
in which it appears that some possible uses 
of the symbolic representational mode never 
emerge (Bruner, 1966b) 

The latter point illustrates the important 
place assigned to the cultural environment m 
instrumental conceptualism, especially as re- 
gards the determination of the nature of cog- 
nitive processes and structures If the culture 
does not m some sense require the emergence 
of some of the forms of a mode of representa- 
tion, especially m the case of the symbolic 
mode, those forms are not likely to develop 
If the culture does not make available certain 
conceptual tools, they will not be acquired 
Thus m instrumental conceptualism some 
of the prime conditions for cognitive develop- 
ment are environmental, these conditions are 
to be found both m the demands the environ- 
ment makes and m the opportunities it offers 
At least two other sources of developmental 
propulsion are distinguished in the theory. 
The first is curiosity and its attendant compe- 
tence motive, which flourish m the presence 
of specifiable kinds of environmental stimula- 
tion, The second additional source of develop- 
mental propulsion is also internal, a kind of 
equihbrium-disequihbrium mechanism but in 
a novel form that is well-suited to the repre- 
sentational emphasis of the theory This source 
of propulsion is occasioned by conflict be- 



COGNITIVE DEVELOPMENT AND EDUCATION ml 


tween representational media The contention 
(Bruner, 1966a, p 11) is that when one 
mode of representation contradicts another, 
cognitive growth ensues, as when “how one 
must act overtly and how the world appears” 
are not consistent 

Given this much of the theory, it is possible 
to infer that development from the viewpomt 
of instrumental conceptualism will be charac- 
terized by plateaus and relatively abrupt 
changes These can be seen as such, however, 
only when close observations are made on 
the same children over time with regard to 
their performance on the same task Dis- 
continuities would not be expected to appear 
when performances are averaged across chil- 
dren, or when a child's performances are 
averaged across tasks, since the inception of 
a representational mode is not tied directly 
to a particular chronological age for all chil- 
dren, nor does it emerge at the same time in 
connection with all kinds of intellectual func- 
tions The development of a new mode of 
representation will permit a child to perform 
m a way that is markedly different from what 
he could have done previously on the same 
task 

Two further features of the theory of in- 
strumental conceptualism need emphasis be- 
fore we turn to a consideration of its potential 
for contributing to a theory of educational 
development The first is its explicit recog- 
nition of the nature of the organism as a de- 
terminant of the forms and boundary condi- 
tions of cognitive development This feature 
of the theory marks its nativistic propensity 
but as we shall see shortly, the sort of nativism 
involved is neither naive nor traditional This 
characteristic of the theory is illustrated m the 
following passage 

To sum up our discussion of symbolic repre- 
sentation, symbolic activity stems from some 
primitive or protosymbohc system that is 
species-specific to man This system becomes 
specialized in expression in various domains 
of the life of a human being, m language, in 
tool-using, in various atemporally organized 
and skilled forms of serial behavior, and in 
the organization of experience itself. We have 
suggested some minimum properties of such 
a symbolic system; categonahty, hierarchy, 
prediction, causation, and modification We 
have suggested that any symbolic activity, 


and especially language, is logically and em- 
pirically unthinkable without these prop- 
erties 

In view of the autonomy of the syntactic 
sphere from other modes of operating and of 
its partial disjunction from the semantic 
sphere, one is strongly tempted to give cre- 
dence to the insistence of various modem 
writers on linguistics that language is an in- 
nate pattern, based on innate “ideas” that are 
gradually differentiated mto the rules of 
grammar (McNeill, 1966, Chomsky, 1965, 
Katz, 1965) (Bruner, 1966b, pp 47-48) 

The material in this quotation represents 
fairly accurately the role assigned to innate 
factors in the theory Further comment, how- 
ever, is needed to clarify Bruner's conception 
of the relation between language and other 
forms of symbolic representation and activity 

In spite of the admission that language con- 
stitutes a special case, Bruner nevertheless 
argues (1) that it evolves out of the same 
orgamsmic givens as do other forms of sym- 
bolic activity, and (2) that it is, therefore, not 
the sole determinant of other forms of intel- 
lectual activity On the contrary, the conten- 
tion is that a necessary precondition for the 
development of linguistic control of other 
kmds of activity is the modification of the 
representational processes originally under- 
lying such activity so that they are isomorphic 
with the structure of symbolic representation 
in language Only after such preparation is 
complete can control of the activity be shifted 
to the language system More must be said 
about this matter later m reference to its 
implications for educational practice 

The sort of nativism that characterizes the 
theory does not have the implication that 
experience is irrelevant to cognitive develop- 
ment Indeed a second feature of the theory 
tempers its nativistic stance As already noted, 
considerable importance is assigned to the 
culture in determining the specific nature of 
cognitive processing that develops m children 
But even more specifically and explicitly, the 
theory assigns a substantial role in cognitive 
development to the school and to the tutor- 
tutee dialogue as represented by relationships 
between teachers and students and by those 
between parents and children. This kind of 
contention takes such a strong form that the 
theory appears to assert the necessity of such 



1392 WILLIAM D ROHWER, JR 


dialogues foi the development of pervasive 
use of symbolic forms of representation along 
with all the intellectual potency they entail 
We turn now fiom instrumental conceptual- 
ism as a psychological theory to considex its 
implications for educational theory and prac- 
tice We will also considei whethei these im- 
plications can be traced back to the develop- 
mental theory to indicate its potential for 
making contributions to education In seeking 
answeis to these questions we rely heavily on 
a book by Bruner (I966d), Toward a Theory 
of Instruction, which is informed with the 
psychological version of the theory 

For Bruner, “the heart of the educational 
process consists of piovidmg aids and dia- 
logues for tianslatmg expenence into more 
powerful systems of notation and ordering” 
(Biuner, 1966d, p 21) Thus the develop- 
ment of the various modes of representation 
is as cential m educational development as 
m intellectual development m general 

As Bruner notes, a theory of instruction may 
be distinguished fiom a theory of learning or 
a theoiy of development m that the fiist is 
necessarily a “prescriptive” theory, wheieas 
the latter are essentially “descnptive ” A 
theoiy of instruction, for example, ought to 
specify not only how learning and develop- 
ment normally proceed but how they can be 
made optimal Four features of a theory of 
instruction aie distinguished The first con- 
cerns the specification of conditions that are 
necessary and sufficient for producing m the 
child an affection and a propensity for engag- 
ing m learning Second, the theory should 
specify the optimal way m which what is to be 
learned ought to be organized relative to the 
capabilities of the learner The third featuie 
of a theory of instruction concerns the optimal 
sequencing of what the child is expected to 
learn Fourth, a theory of instruction should 
contain specifications of the kinds and timing 
of reinforcements to be delivered to the 
learnei 

The details of these features are of interest 
since it is m them that we can see the infer- 
ences that may be drawn from the theory of 
instrumental conceptualism for educational 
theory and practice First, consider the matter 
of engendering a positive regard for, and a 
tendency to engage m learning Bruner tends 
to reduce this featuie of the theory to the 
task of activating, maintaining, and directing 


the exploiation of alternatives on the part of 
the child Activation is equated with the 
arousal of curiosity This, it is contended, can 
best be done by piesentmg tasks that are char- 
acterized by optimal uncertainty The hand 
of the instructor is important here m the selec- 
tion of appropriate tasks It is impoitant as 
well for maintaining exploration since this 
depends upon insuring that the activity is 
more lewardmg than punishing The direction 
of exploiation is held to be determined by 
two things infoimation about the goal to be 
achieved, and infoimation about the rele- 
vance of ones way of pioceeding Both of 
these things can be piovided by the mstiuc- 
toi 

An obvious addition to this list of condi- 
tions lelevant to exploration is concerned 
again with activation and maintenance and 
is suggested directly bv mstiumental concep- 
tualism As we noted, the theoiy holds that 
one of the mam piopulsions to problem- 
solving activity is conflict between two modes 
of representing the same knowledge It is an 
obvious inference that the selection of tasks 
should be made with such conflict as a criter- 
ion and that the maintenance of exploiation 
ought to be aided when the instructor sees 
to it that the conflict lemams salient during 
the course of the learner's activity For ex- 
ample, if the aim is to teach Aichimedes' 
pi maple of flotation, exploration might be 
maintained by presenting to the student a 
series of instances of “light” objects that sink 
m water and “heavy” objects that float 
With regard to the organization of knowl- 
edge to be acquired, Brunei 1 estates the 
widely disseminated notion that “Any idea or 
problem 01 body of knowledge can be pre- 
sented m a form simple enough so that any 
particular learner can understand it m a recog- 
nizable form” (Bruner, 1966d, p. 44) Three 
variables are distinguished to define the form 
m which knowledge is presented The first 
of these, familiar by now, is the mode of 
representation in which the knowledge is 
communicated The other two variables are 
the economy and the effective power of the 
organization adopted The contention is that 
any sort of knowledge can be represented ini- 
tially m each of the three representational 
modes, the one chosen depending upon the 
child's presenting capabilities, that is, the ca- 
pabilities already in the child's possession when 
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he begins woik m an instructional sequence 
Economy of presentation lefeis to the infor- 
mation load necessary for comprehension of a 
subject mattei the less the load, the easiei 
the comprehension A piescnption is implied 
here find the most economical form consistent 
with the inherent nature of the material to 
be learned and present materials m that form 
The power of a paiticulai wav of organizing 
knowledge appaiently refers to whethei or 
not it permits the leamei to make maximal 
use of knowledge in solving problems as yet 
unencountered, a foim of tiansfei 

Before considering the problem of sequenc- 
ing matenals, it is important to pause and 
examine more caiefully the notion that any 
idea can be acquired by any learner at any 
age On its face, the assertion seems to give 
the lie to an intei pretation of instrumental 
conceptualism as a theory having a matura- 
tional emphasis Foi this contention seems to 
require the assumption that prior growth is 
never necessary for the acquisition of any 
given kind of knowledge But a more careful 
examination of the assertion reveals that it is 
consistent with a maturational view, although 
not with a passive, lamez-fau e version of 
such a view Notice the conditional phrase, 
knowledge can be presented m a form 
simple enough ” The form of presentation 
must fit the status of the organism The theory 
does not contend that any child of any age 
can, at that age, be taught any particulai 
knowledge, even m its most complex form, 
by simply sequencing the matenal properly 
Rather it contends that the mstructoi can 
formulate any knowledge m a form consistent 
with the developmental level of the child, a 
contention that may leave many an instiuctor 
both flattered and disbelieving 
The sequencing of materials involves de- 
cisions made in accord with criteria that are 
multiply determined The ground rule sug- 
gested by instrumental conceptualism is that 
in terms of modes of representation, a task 
should fiist be presented, and the learner 
should first be engaged m the task enactively, 
then ikomcally, and finally symbolically This 
inference follows from three properties of the 
parent theory* first, that this sequence of 
modes is the ontogenetic sequence for most 
children, second, that all modes persist after 
they have initially emerged, thereby provid- 
ing alternative ways of representing almost 


any subject matter, and, thu d, that the earlier 
modes piovide a second line of attack when 
the symbolic mode, for one reason 01 another, 
fails Another reason for the recommendation 
that instruction should begin by presenting 
knowledge enactively, then ikomcally, and 
then presenting it symbolically is partially 
obscuied It seems to be piesumed that the 
only fruitful route to the symbolic lepiesenta- 
tion of any knowledge is through pnoi enac- 
tive and ikonic representations If true, this 
position has important implications for educa- 
tional practice It suggests, for example, that 
verbal modes of presenting material on the 
pait of the instiuctor and of responding to it 
on the pait of the student are much over- 
emphasized in schooling Furthermore, it sug- 
gests that the concern of many educatois and 
psychologists with the alleged language de- 
ficiencies of lower-SES children may be ex- 
cessive The excess, however, is not a general 
one Biunei would surely agree that a well 
functioning symbolic system such as language 
is necessary for symbolic representation But 
the possession of such a system is not suffi- 
cient Thus the implication is that lower-SES 
childien need training m enactive and ikonic 
representation as well as in symbolic repre- 
sentation of the matenal to be learned 
Despite its interesting implications, how- 
ever, the assertion that all kinds of knowledge 
should first be presented to students enac- 
tively must be viewed with considerable skep- 
ticism Some kinds of knowledge may not 
lend themselves to enactive representation 
Consider, for example, the difficulty of pre- 
senting a concept such as that of an imaginary 
number enactively In the case of knowledge 
of this kind, the pnncipal task of instructional 
design may involve questions of the optimal 
sequence of presentation within the symbolic 
mode rather than across the three modes of 
lepiesentation What should be the sequence 
of presenting subsidiary knowledge symbol- 
ically in order to facilitate the student's even- 
tual acquisition of the concept of imaginary 
numbers? The theory offers little assistance 
m ai riving at answers to this kind of question 
regarding the problem of sequencing 

The timing and nature of effective rein- 
forcements is judged to he crucial for their 
success in aiding learning Optimally, feed- 
back should occur when the learner is judging 
the product of his activity against the standard 
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of the goal that has been presented to him 
The form of reinforcement, taken now to 
mean informational feedback, must be con- 
sistent m representational mode with the 
mode being used by the learner Otherwise 
the learner's task will be made more difficult 
rather than facilitated by the reinforcement 
Furthermore, the reinforcement must itself 
contam information as to whether or not the 
learners activity is advancing him toward 
his goal 

Clearly, all of these features of a theory 
of instruction are relevant to the activities of 
a variety of schoolmen, those concerned with 
the construction of educational materials, 
those responsible for curriculum planning, and 
those directly responsible for instruction, 
namely, teachers Indeed, m the theory of 
instruction that follows from instrumental con- 
ceptualism, the role of the teacher is espe- 
cially crucial in two respects First, the teacher 
is a source of knowledge that the student does 
not possess In comparison with other sources 
of knowledge, such as books, for example, the 
teacher is unique in that he himself represents 
the student's goal of having acquired the 
knowledge m question Secondly, the teacher 
is crucial insofar as he can modify his activity 
as a source of knowledge m direct conse- 
quence of the student’s successes and failures 
in the course of acquisition Bruner says, for 
example, “ Intellectual development depends 
upon a systematic and contingent interaction 
between a tutor and a learner, the tutor al- 
ready being equipped with a wide range of 
previously invented techniques that he 
teaches the child" (Bruner, 1966d, p 6) 
Perhaps it is a misconstruction issuing from 
a too hteral reading of this theory that the 
teacher, as this position is usually understood, 
occupies a crucial role For teacher can refer 
to any method for availing the child of knowl- 
edge possessed by others, including personal 
interaction with adults Nevertheless, there is 
running throughout Bruner's explication of 
instrumental conceptualism and of its implica- 
tions for a theory of instruction a respect for 
and an acceptance of existing modes of organ- 
ization of the school Not so for the existing 
practices of presenting knowledge to students, 
however In this area, innovation, change, ex- 
perimentation, all are recommended 
The contribution of Instrumental concep- 
tualism to a theory of educational develop- 


ment cannot be properly evaluated m the 
absence of some attention to its specific appli- 
cation m education Bruner (1966d, pp 54- 
72, Bruner and Kenney, 1965) describes 
an effort to teach quadratics to four 8-year-old 
children The account is' remarkable m two 
regards First, it succeeds in illustrating the 
four propounded features of an instructional 
theory A predisposition for learning was 
found m the children, further activated 
through the introduction of novelty, mam- 
tamed by alterations of the materials and 
problems presented, and directed m truly 
ingenious ways by the two teachers With 
respect to organization and sequencing of 
presentation, the practices followed were 
clearly consistent with the theory The chil- 
dren were initially engaged m enactive be- 
haviors For example, they were presented 
with a square block of wood and were asked 
to make a succession of larger squares by 
physically adding other pieces of wood of 
constant size to the original one It was as- 
sumed that the children represented the out- 
comes (appearance of the new squares) to 
themselves ikomcally through imagery Sym- 
bolic representation was initiated by encour- 
aging the children to keep a written record 
of the numbers of pieces of wood added to 
each square m the course of making the next 
larger one The economy of the underlying 
structure was given m the notation used for 
record-keeping, a notation provided by the 
teachers The power of the structure was 
demonstrated when the children were en- 
couraged to transfer their newly acquired 
skills, as well as the attendant notation, for 
square-building to the task of balancing a 
beam Because of the materials used (the 
squares and the beam balance) reinforcement 
was contingent upon the child's own actions, 
came immediately, and was directly available 
m the child’s product rather than bemg medi- 
ated by the teacher Thus m these ways the 
theory did make palpable contribution to this 
limited bit of educational practice, and im- 
pressive practice it was 

The second remarkable aspect of this in- 
structional effort is that very little of it seems 
to be directly and explicitly implied by the 
theory, This may mean that the educational 
utility of the theory is severely limited The 
point is that this theory of development 
cannot make substantial contributions to edu- 
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cational practice if it can be used very suc- 
cessfully only by extraordinarily ingenious 
and gifted schoolmen Consider, for example, 
that aspect of quadratics mstiuction that 
most clearly reflects the influence of the 
theory — the sequencing of modes of repre- 
sentation To be sure, the sequence was initi- 
ated in an enactive mode and this was 
eventually followed by guided transitions to 
ikonic and symbolic modes But the particular 
expressions of these modes appear to be en- 
tirely ad hoc with respect to theory More- 
over, there are no “instructions to schoolmen” 
as to procedures for deciding precisely what 
expression to give to each of the modes m 
constructing a sequence of instruction 

It might pioperly be said m response to this 
reservation about the utility of the theory for 
education that it is misdirected After all, the 
author of the theory explicitly states that it is 
in the early stages of formation and that con- 
siderable work of the sort described m con- 
nection with the sequence of quadratics 
instruction must be done before applicability 
can be demonstrated one way or another But 
the pomt must still be emphasized that for a 
theory of cognitive development to effect 
changes in education, it must contain means 
for its implementation To put the matter 
another way, a theory of instruction must 
give attention to instructing schoolmen m its 
use One of the advantages of a theory is 
that it makes public and explicit what would 
ordinarily be relatively private and implicit 
One way of accomplishing the aim of imple- 
mentation is largely to bypass the teacher 
and to guide the production of self-contained 
instructional sequences that leave little room 
for instructor intervention except, perhaps, in 
matters of administration, But m the theory 
emanating from instrumental conceptualism 
this seems an inappropriate strategy since so 
much is ascribed to the functions of the 
teacher Thus even though the goal has not 
been achieved, it must remain salient, for too 
much can be lost m the translation of theory 
into practice when the success of the transla- 
tion depends critically on the translator and 
his individual talent 

To sum up this review of a theory of cog- 
nitive development that emphasizes matura- 
tion, here is an annotated list of educationally 
relevant positions that emanate from instru- 
mental conceptualism 


1 The heart of intellectual development 
is the emergence of three major systems of 
representation, the enactive, the ikonic, and 
the symbolic, Ontogentically, these systems 
emerge m the order given but after their 
initial apparance all continue to operate con- 
currently One or the other system may be 
especially relevant to a given kind of knowl- 
edge and in instruction this fact must be 
specifically taken into account In many in- 
structional sequences, the best route starts 
with the enactive mode and recapitulates 
ontogenetic development m teaching the sub- 
ject matter 

2 Relationships among the thiee modes of 
representation must be prepared If, for ex- 
ample, the goal of an instructional sequence 
is to permit the student to represent material 
to himself symbolically, the structure of the 
symbolic representation must be specified 
Then the structure of representation m the 
prerequisite enactive and ikonic modes should 
be made isomorphic with that envisioned for 
the symbolic mode Only after this is accom- 
plished should translation be attempted from 
one mode to the other To give an example of 
an implication following from this position, it 
would suggest that the culturally disadvan- 
taged child should be led to reorganize his 
knowledge m existing enactive and ikonic 
modes before any attempt is made to force 
that knowledge prematurely into a symbolic 
mode of representation 

3 Readiness is a matter of prior learmng 
and development and need not be awaited 
Although the theory is adamant on this point, 
it is not altogether clear That is to say, the 
issue is complicated The extent to which 
maturational factors limit what can be learned 
appears to be determined only by the ingenu- 
ity of the schoolman m properly representing 
the subject matter to the student Yet it is also 
suggested m the theory that some giowth is 
required, m addition to instructional experi- 
ences before final representations of an area 
of knowledge can take, say, an optimal sym- 
bolic form In this light it is unclear what 
educators should do about the notorious prob- 
lem of readiness. 

4 In addition to its emphasis on a few 
powerful innate and maturational factors, the 
theory relies heavily on the role of culture as 
a determinant of the nature of intellectual 
development. In its praiseworthy dissatisfac- 
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tion with the simple statement that culture is 
important, the theory goes on to specify the 
agency by which culture determines cogni- 
tive development the tutor-tutee relationship 
The teacher's role, whethei it is performed by 
a formal teacher or informally by a parent or 
some other adult, is critical for making avail- 
able to the child the tools of cognition, for 
instigating and maintaining learning, for struc- 
turing and sequencing knowledge, and for ar- 
ranging materials and the environment so 
that they deliver informative reinfoi cement of 
appropriate kinds at appropriate times Thus 
a crucial implication of the theory is that the 
preparation of teachers for providing success- 
ful instruction is prerequisite for optimal 
educational development 

5 Individual differences are explicitly ex- 
pected to emerge m connection with any one 
of the four functions of the teacher listed The 
implication drawn from this is that a variety 
of means must be found to the same ends, 
depending on the presenting characteristics of 
the child The theory, however, does not dis- 
cuss at any great length the problems pre- 
sented for education by individual differences 
nor does it make sufficient proviso for their 
solution 

6 Finally, as it stands presently, the 
theory is stated at such a high level of gener- 
ality that the implementation of its impli- 
cations m educational practice is left almost 
entirely to the ingenuity of the schoolman, 
whatever his capacity Presently it can make 
contact with educational practice only m the 
hands of brilliant and inventive practitioners 
Its relevance for education is well-substanti- 
ated, its contribution to education is almost 
entirely potential, and the likelihood that it 
will truly effect improvement is indeterminate 

A Learning Emphasis 

Any number of theorists among psychol- 
ogists could be chosen to represent a learning 
emphasis m connection with the topic of cog- 
nitive development and education Gibson, 
Jensen, Kendler, Osgood, Skinner, Staats, or 
Underwood, to name some Although the 
views of these psychologists will be referred 
to later, principal attention will be given here 
to Gagnes explication of a theory of cognitive 
development with a learning emphasis (Gagn4 
1965a, 1965b, 1965c, 1966a, 1967, 1968) 
The reason for the choice is a simple one, 


Gagne (1965a, 1965b, 1965c, 1966a, 1967) 
has made the most thoroughgoing attempt to 
translate a learning approach into a view of 
development that speaks directly to educa- 
tional issues 

Gagne ( 1968) distinguishes between learn- 
ing and development principally in terms of 
the time span occupied by the changes m 
capabilities of an organism Both learning 
and development are defined as changes m 
capabilities Both learning and development 
are contrasted with growth and maturation as 
principles for explaining changes over time 
While admitting that development must be 
viewed as a joint function of learning and 
growth, Gagn6's emphasis is clearly upon 
learning 

If growth is the dominant theme, educa- 
tional events are designed to wait until the 
child is ready for learning In contrast, if 
learning is a dominant emphasis, the years 
are to be filled with systematically planned 
events of learning, and there is virtually no 
waiting except for the time required to bring 
about such changes (Gagne, 1968 ) 

Although Gagnes emphasis is upon learn- 
ing processes and although it starts with 
learmng conceived in an associatiomstic 
framework, his approach departs in crucial 
ways from a strict connectionist model The 
theory is descriptively called a cumulative 
learning model and its major components are 
the traditional ones of learning, memory, and 
transfer It differs from other learning models 
of development, however, m its identification 
of what it is that can be learned 

In a traditional model connections between 
specific stimuli and responses are the entire 
content of learning, regardless of the com- 
plexity of the connections required to account 
for behaviors But in the cumulative learning 
model, it is allowed, indeed it is firmly as- 
serted, that much more complex forms of 
content, such as rules and prnciples, are 
learned This being the case, the question is 
what distinguishes the cumulative learning 
model from more cognitively oriented theories 
such as that of Bruner (1964, 1965, 1966a, 
1966b) or Piaget (see Flavell, 1963) The dif- 
ference is m the detailed specifications of pre- 
requisite learnings that the cumulative model 
requires for the occurrence of rule or principle 



COGNITIVE DEVELOPMENT AND EDUCATION 1397 


learning Thus cumulative learning theory con- 
tends that acquisition processes are hierarchic- 
ally organized and that the various processes 
are distinguished from one another in terms of 
the characteristics of the performances by 
which each is expressed and m terms of the 
mtemal and external conditions necessary for 
their occurrence 

The most complete exposition of the hier- 
archical model itself is given m Conditions of 
Learning (Gagne, 1965a) Seven varieties of 
learning are distinguished S-R connections 
(motor acts), motor chains, verbal chmns, 
multiple discriminations, concepts, princi- 
ples, and higher-order principles or strategies 

The simple fact that learning is sub- 
divided m this manner has the consequence 
of asserting that all learning processes are 
not the same Each of the varieties of learning 
is identified m terms of the characteristics of 


its attendant performances, necessary internal 
conditions, and necessary external conditions 
Later we shall see how each of these means 
of identifying a variety of learning has im- 
plications for education But for now examine 
the following summary of the matter taken 
from Gagne (1967, p 301) 

Each one of the internal conditions of learn- 
ing forms a prerequisite capabihty for learn- 
ing of the next higher vanety Thus 

1 The possession of stimulus-response 
connections is prerequisite to the learning 
of 

2 chains, whether motor or verbal These 
(or m the simplest case, S-R connections) 
are prerequisite to the learning of 

3 multiple discriminations , which are pre- 
requisite to the learning of 


Table 1 Summary of Conditions Considered Necessary for Seven Kinds of Learning 


Performance 
Established 
by Learning 

Internal 

(learner) 

Conditions 

External Conditions 

Specific 

responding 

Certain learned 
and innate 
capabilities 

Presentation of stimulus under conditions com- 
manding attention , occurence of a response conr 
tiguous in time, reinforcement 

Chaining 

Motor 

Previously 

learned individ- 
ual connections 

Presenting a sequence of external cues, effecting a 
sequence of specific responses contiguous in time; 
repetition to achieve selection of response-pro- 
duced stimuli 

Verbal 

Previously 

learned individ- 
ual connections, 
including implic- 
it “coding” 
connections 

Presenting a sequence of external verbal cues, ef- 
fecting a sequence of verbal responses conti- 
guous in time 

Multiple 

discrimina- 

tion 

Previously 

learned chains, 
motor or verbal 

Practice providing contrast of correct and incorrect 
stimuli 

Classifying 

Previously 

learned multiple 
discriminations 

Reinstating discriminated response chain contig- 
uously with a vanety of stimuli differing in ap- 
pearance, but belonging to a single class 

Rule using 

Previously 
learned concepts 

Using external cues (usually verbal), effecting the 
recall of previously learned concepts contig- 
uously m a suitable sequence, specific applications 
of the rule 

Problem 

solving 

Previously 
learned rules 

Self-arousal and selection of previously learned 
rules to effect a novel combination 
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4 concepts , which are prerequisite to the 
learning of 

5 principles, which are prerequisite to 
the learning of 

6 high-order principles including stra- 
tegies (Gagne, 1966a, p 41) 

Clearly, learning is conceived to be organized 
hierarchically so that complex forms of learn- 
ing are dependent upon prior, simpler forms 

Although it may not be so clear, it is 
equally a characteristic of this theory that the 
more complex forms of learning are not sim- 
ply a collocation of the learning of many, 
many connections The learning of a rule like 
“Alleviation of the conditions of an oppressed 
social group produces revolutionary behavior 
in members of that group,” is not a matter of 
learning the connections between the indi- 
vidual words m the rule But the acquisition 
of such a rule does presuppose the pnoi learn- 
ing of the concepts involved, of the multiple 
discriminations necessary for the learning of 
these concepts, of the chains necessary for 
the learning of the discriminations, and of 
the connections necessary for the learning 
of the chains 

An additional specification of the model 
deserves emphasis The acquisition of a 
higher-level capability, such as a rule, depends 
not only upon the prior acquisition of lower- 
level capabilities but also upon the retention 
of those pievious learnings That is to say, 
even if all of the learnings prerequisite to the 
learning of a rule can be shown to have been 
accomplished, this will not suffice unless these 
previous learnings can be recalled when the 
rule is to be learned This assertion fits well 
with recent evidence concerning the condi- 
tions necessary for demonstrating a facihtory 
effect of mediational conditions in verbal 
learning tasks (Horton and Wiley, 1967) It 
has been shown that unless a mediate term in 
a supposed verbal chain can be recalled at the 
time the two ends of the chain are being 
learned, its previous acquisition will not fa- 
cilitate the new learning Later we shall ex- 
amine the pronounced implications that this 
facet of the cumulative learning model has 
for educational practice 

With this brief summary of Gagne’s explica- 
tion of the varieties and conditions of learn- 
ing, let us turn to a discussion of the sig- 
nificance of the term cumulative m the learn- 


ing model In part, this discussion has already 
begun because some portion of the meaning 
of cumulative is given in the specification that 
the learning of capabilities is hierarchically 
organized and that earlier learnings must be 
recalled m order for newer ones to proceed 
successfully In this sense learning may be 
said to be cumulative, but it is also held to be 
cumulative m another way having to do with 
transfer and generalization 

Cumulative learning theory needs a trans- 
fer component if it is to be at all persuasive 
Consider, for example, the inconceivably large 
number of hierarchies of learning that would 
have to be specified to outfit a growing human 
being with all of the principles that most 
adults have at their disposal A lifetime would 
piobably not be long enough for each indi- 
vidual to acquire such a vast set of rules if it 
is held that m the case of every rule capability 
he must traverse anew the lelevant hierarchy 
fiom its base to its apex Without some sort 
of transfer mechanism, the same property that 
gives cumulative learning theoiy its appeal — 
that is, its intent to specify m detail the con- 
ditions necessary for the acquisition of a 
complex capability, — also limits it to virtual 
inapplicability to human intellectual develop- 
ment 

Fortunately, the model does contain a trans- 
fer component Indeed, Gagne says, “cumu- 
lative learning assumes a built-m capacity 
foi transfer Transfer occurs because of the 
occurrence of specific identical (or highly 
similar) elements within developmental se- 
quences Of course, elements’ here means 
rules, concepts, or any of the other learned 
capabilities I have described” (1968) Trans- 
fer, in other words, can be counted upon to 
occur by virtue of the fact that many different 
terminal capabilities share the same lower- 
level conditions of learning After one com- 
plete cumulative learning, sequence has been 
traversed, the entire journey will not have to 
be negotiated again Othei related terminal 
capabilities can be acquired m shorter order 
since the learning sequence can begin at a 
higher level, say at that of concepts, rather 
than at a lower one, say at that of verbal 
chains 

The conception of transfer m the cumulative 
model has two advantages To be sure, it pro- 
vides a mechanism for rationalizing the enor- 
mous number of capabilities of the adult 
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human being, but it also leads to the expecta- 
tion that transfer will not be automatic fiom 
the acquisition of some one specific principle 
to the acquisition of another related one Con- 
sider an example that emerges m Gagnes 
discussion of work on the acquisition of prin- 
ciples of conservation in children He notes 
(Gagne, 1968) that the completion of a learn- 
ing sequence culminating m the successful 
performances " judging equalities and inequal- 
ities of volumes of liquids m rectangular con- 
tainers” would not guarantee that the related 
principle for matching volumes m cylindrical 
containers had also been learned In fact, he 
says, "Piobably not, because he (the child) 
hasn't yet learned enough about cylinders, 
volumes of cylinders, and areas of circles” 
(Gagne, 1968) Thus substantial portions of 
the hierarchies are the same for the two prin- 
ciples, but the identity is not complete And, 
wheiever two hierarchies diveige, new capa- 
bilities have to be learned before transfer can 
be complete fiom one to the other Accord- 
ingly, from the viewpoint of cumulative learn- 
ing theory, the failure of a numbei of investi- 
gations in their attempts to facilitate the 
acquisition of conservation m childien is attrib- 
utable to incomplete prerequisite learning 
rather than to insufficient structural giowth m 
the child 

The transfer mechanism m the cumulative 
learning model, by itself, is probably not 
sufficient to account for all of the capabilities 
the adult can display In fact, to give such an 
account, it is likely that the cumulative learn- 
ing model must be extended beyond learning 
to thinking, Consider, for example, the case 
of an individual who has learned a set of 
principles which are all related to similar 
human performances Suppose that the capa- 
bilities represented by these pi maples and 
the subordinate capabilities acquired along the 
way contain m themselves all of the compo- 
nents necessary for the possession of an addi- 
tional principle that has m no sense been 
directly taught Remember that this instance 
would lend itself to a transfer analysis m 
terms of the model only if it were the case 
that the additional principle represented the 
apex of an mtact hierarchy or learning se- 
quence Further, then, suppose that this is 
not the case, that in order for the additional 
principle to be possessed by the individual, 
a self-initiated reorganization of existing capa- 


bilities would be necessary, some being taken 
from one specific hieiarchy, some fiom an- 
other By extending the cumulative learning 
theory to give an account of this kmd of 
process, the model could presumably cover 
thinking as well as learning Gagne admits 
of this possibility when he remarks 

[I]t is recognized that such generaliza- 
tions can readily occur when the individual 
himself initiates the intellectual activity, the 
new learning does not have to be guided by 
external instruction The process of cumula- 
tive learning can involve and be contributed 
to by the opeiations of inductive and deduc- 
tive thinking The cumulative learning model 
obviously does not pi o vide a theory of think- 
ing, but it suggests the elements with which 
such a theory might deal (Gagne, 1968) 

In terms of the educational implications of 
the cumulative model, its gieatest service in 
connection with the problem of thinking could 
probably be done by providing an explicit 
specification of the conditions necessary for 
self-initiated intellectual activity As we have 
noted, the existence of such processes must 
be assumed But for education as well as for 
psychological theory itself it is important to 
know the external and internal conditions 
that determine thinking processes 

The absence of an elaboiated theory of 
thinking is perhaps the most serious inad- 
equacy of the cumulative model Without 
such a component the model cannot provide 
a comprehensive account of cognitive develop- 
ment But this is not to say that the model 
could not be augmented to do so Indeed, it 
is one of the model’s positive attributes that 
the sources of its inadequacy are so clearly 
apparent 

Any complete veision of the cumulative 
model, in addition to containing a theory of 
thinking, would also need to deal with the 
necessity for assumptions regarding human 
capacities that make both learning and think- 
ing possible. Although they are not specified at 
present, the model seems to assume inherent 
human propensities for the development of 
learning abilities and for the development 
of processing or organizational abilities that 
are commonly referred to as thinking Some 
such assumptions are required by die model 
because it insists upon specifying exphcidy 



1400 WILLIAM D ROHWER, JR 


the conditions under which particular human 
intellectual activities can take place Thus one 
would expect that m cases where neither ex- 
ternal nor internal conditions of learning are 
sufficient to account for observable capabili- 
ties, recourse would have to be taken to inher- 
ent human capacities 

In general, cumulative learning theory is 
a strong theory m the sense that it insists upon 
detailed accounts of the conditions necessaiy 
and sufficient to produce the acquisition of 
any given capability These accounts, apart 
from being detailed, must qualify as testable 
hypotheses as well Derivations from the 
theory aie eminently falsifiable In another 
regard, howevei, the position is a weak one 
For it shaies with all other models having a 
learning emphasis an ultimate mdeteimmacy 
if its pie dictions are not confirmed As an 
lllustiation consider whethei or not it is pos- 
sible to advance intellectual development m 
childien through specific training so that they 
can successfully evince conservation behavioi 
before untrained age-mates can do so Sup- 
pose that an analysis of the required teiminal 
capability is made and the conditions neces- 
sary and sufficient for its acquisition aie spec- 
ified m accord with the cumulative model 
Suppose then that these conditions aie ful- 
filled but it is found that the trained childien 
do not, m fact, perform at a more mature 
level on conservation tasks than lelevant con- 
trol children Two very different conclusions 
may be drawn from this result The first is 
that a growth model provides a more adequate 
account of the conditions of cognitive de- 
velopment than a cumulative learning model 
But there is an altei native conclusion the 
analysis of the subordinate capabilities neces- 
sary for the acquisition of the terminal one 
was itself not sufficient This second con- 
clusion has the consequence simply of causing 
the analysis of subordinate capabilities to be 
modified and then incorporated m a new 
tiaimng sequence Theoretically the cycle of 
analysis-training-evaluation can be repeated 
indefinitely That is, there is no criterion 
built into the theory by which a decision can 
be made that the cumulative model itself is 
inadequate 

With this much of the basic theory of 
cumulative learning m hand, we shall turn to 
an examination of its potential contribution 
to the construction of a theory of educational 


development In large measure, this task has 
alieady been accomplished in its general form 
as well as in specific applications ( Gagn6, 
1963, 1965a, 1965b, 1965c, 1965d, 1966a, 
1967) Obviously, given its hierarchical chai- 
acter and its analytical emphasis, the cum- 
ulative learning model would set the starting 
point of a denved theory of educational de- 
velopment as the statement, m behavioral 
terms, of the objectives to be attained 
Gagne has distinguished six different educa- 
tional activities to which the cumulative learn- 
ing model can make conti ibutions 

1 Denvmg objectives foi portions of the 
educational process directed toward the goals 
of education 

2 Descnbmg the vanous curricula de- 
signed to meet the objectives 

3 Designing the process of instruction 

4 Designing a system for guiding indi- 
vidual development 

5 Developing a means to assess student 
progress m learning 

6 ^Establishing a method for evaluation of 
the means chosen to achieve objectives 
(Gagne, 1966a, p 5) 

Deriving Objectives for Education. The 
contribution of the cumulative learning model 
of cognitive development to the task of setting 
educational objectives is made largely m 
teims of the lequirements it imposes upon 
the foim in which such objectives are stated 
For the cumulative learning model to be of 
maximal value for education, the objectives 
must be comprehensive , systematic, and be- 
havioral Comprehensively stated objectives 
are to be understood m contrast with frag- 
mented statements This means the objectives 
of education should be stated for the entire 
span of time for which formal education is 
to be imposed on the student Thus they will 
be comprehensive with respect to both the 
full range of contents m which capabilities 
aie to be acquired and the full range of levels 
of capability to be attained within each con- 
tent The objectives should be stated syste- 
matically m the sense that they include explicit 
reference to the hierarchical relationships ob- 
taining between subordinate and superordi- 
nate objectives Thus considerable effort is 
demanded both m detailing the components 
of ultimate objectives and in specifying the 
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pnonty ordeung of the various components 
Finally, objectives to be stated m be- 
havioial terms The primary justification for 
such a demand is that if objectives are not 
stated m behavioral terms it is a matter of 
guesswork to determine just what it is that 
the child is to learn Unless an unambiguous 
answer can be given to the question “What 
is to be learned?” theie is little hope that the 
cumulative learning model will make con- 
tributions of any substance to education In 
addition to this demand for behavioral state- 
ments of objectives and the obvious improve- 
ment in communication such a practice would 
entail, other advantages accrue, as Gagn6 
rightly notes 

Unambiguous statements of learning out- 
comes aie necessaiv to guide the behavior of 
the teachei They can be of considerable 
importance in providing students with im- 
mediate goals, and thus in contnbutmg to 
their motivation And they are needed as a 
basis for assessment of the student’s progress 
by means of tests or other measures (Gagne, 
1966a, p 10) 

Although the contiibution of the cumulative 
model to the derivation of objectives for 
education is not a substantive^one, it is never- 
theless of considerable worth The implemen- 
tation of these three requnements — compie- 
hensiveness, systematization, and behavioral 
definitions — m the formulation of educational 
objectives would by itself advance educational 
practice 

Curricular Routes to Educational Objec- 
tives As viewed from the cumulative learning 
model, cuinculum design is a matter of trans- 
lating behavioially defined objectives into a 
designation of capabilities to be acquired In 
other words, a curriculum is a statement of 
terminal capabilities along with the sequence 
of prerequisite capabilities leading to them 
Once the components of a curricular hierarchy 
are specified, the mam task lemainmg is the 
deteimmation of the optimal sequence in 
which the suboidmate capabilities should be 
acquired The theory of cumulative learning 
by itself cannot yield unequivocal predictions 
about such matters The strategy required is 
to construct sequences, threat them as hy- 
potheses, and subject these hypotheses to 
empirical test The construction of these hv- 


potheses is the joint task of subject-matter 
scholars (mathematicians, historians, philos- 
ophers, as the case may demand), curnculum 
experts, teachers, and psychologists, none of 
whom can guarantee the supenonty of one 
sequence over anothei a prion Examples of 
the application of this appioach have been 
reviewed by Gagne (1966a) 

Stipulating the Conditions of Instruction. 
By leaning heavily on a learning orien- 
tation, the cumulative model draws princip- 
ally upon research m human learning in 
specifying its implications for the design of 
mshuction The kind of mfoimation lelevant 
to this task comes fiom studies that yield 
reliable conclusions about the conditions ex- 
ternal to the learner that yield the most effi- 
cient teaming, the maximum retention, the 
widest possible tiansfei, and the greatest 
propensity foi self-activating intellectual ac- 
tivity The amount of information available 
about the first three of these matters is already 
large and is still growing at a rapid rate Less 
is known about the conditions necessaiy or 
conducive to self-activating piocesses 

In his discussion of instructional functions, 
Gagne (1967) distinguishes seven separate 
ones Piesumably all of these functions are 
presently performed by the teacher, but their 
complexity suggests that a single teacher 
cannot possibly peiform them all adequately 
m classioom situations Consequently, Gagne 
recommends (1967, pp 309-310) that in- 
struction should be predesigned with regaid 
to the performance of each function so as to 
reduce to manageable proportions the teach- 
ei *s task and to insure that the functions are 
effectively accomplished 

i. Selecting and Presenting Stimuli . 
Broadly constiued, this function is one of the 
most impol tant in instruction For the selection 
and presentation of stimuli must be done with 
full attention to three considerations the pre- 
senting capabilities of the learner, the fit 
between the stimuli chosen and the variety 
of learning to be accomplished, and the extent 
to which the stimuli are representative of the 
criterion tasks the learner will be expected 
to deal with The task of selecting and pie- 
sentmg stimuli is guided by the cumulative 
learning model m the following way A task 
analysis of the objective of an instructional 
sequence yields a specification of the sub- 
capabihties and their ordering that are neces- 
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sary for the attainment of the objective Each 
subcapability represents some one of the sev- 
eral varieties of learning that the theory dis- 
tinguishes For each variety, external condi- 
tions necessary for acquisition would be 
identified and these conditions would include 
the relevant properties and manner of pre- 
senting stimuli 

Suppose, for example, the objective was to 
facilitate the performance of pronouncing 
each of a small set of French words m such 
a way that native speakers could reliably 
identify the words uttered One of the sub- 
capabikties yielded by an analysis of this 
objective is that of imitating the pronunci- 
ation of each of the words immediately after 
hearing it If the learner has this capability, 
then it is appropriate to inaugurate conditions 
that will assist him m learning to make each 
of the responses m the absence of the model 
utterances, that is, given only the presenta- 
tion of the words m print Such a task is a 
multiple discrimination m the terminology of 
cumulative learning theory and therefore 
would require the repeated presentation of 
each of the printed words as stimuli and the 
evocation of the appropriate responses, prob- 
ably through a prompting method Following 
masteiy of the task in this form, prompting 
would be eliminated and practice would be 
continued using informative feedback after 
each response Thus the stimuli presented m 
the terminal phase would be identical with 
those to be used m evoking the terminal per- 
formance itself 

2 Controlling Attention, Gagne's ( 1967, p 
305) discussion of this function is limited to 
an indication of some means for directing the 
learner's attention to important aspects of 
the materials presented to him — means such 
as the use of verbal commands and pointers 
The paucity of content on this important 
topic may reflect a weakness m the theory 
Compare this treatment with that reviewed m 
connection with instrumental conceptualism, 
where at least a minimally adequate attempt 
was made to deal with the topic m terms of 
activating, maintaining, and directing atten- 
tion It is interesting to note the contrast 
between the emphasis m instrumental con- 
ceptualism on attentional factors inherent m 
the stimulus materials themselves and the cor- 
responding emphasis in the cumulative model 
on extianeous factors 


3, Informing the Learner of Objectives . 
Gagne views the importance of this function 
m much the same way that Bruner views the 
importance of setting forth clearly for the 
learner the “goals" of his activity Informing 
the student clearly about the terminal per- 
formance expected of him permits the in- 
troduction of informative and effective 
reinforcements along the way to the attain- 
ment of the relevant capability 

4, Stimulating Recall of Subordinate Capa- 
bilities This function of instruction comes 
directly from the cumulative learning model 
In order for a superordinate capability to be 
acquired, suboidinate capabilities must not 
only have been previously learned but must 
also be recalled at the time the new capabil- 
ity is being learned Thus it is critical for in- 
struction that methods of cueing be employed 
that will insure the recall of relevant previous 
learnings Although it is not explicitly stipu- 
lated, the theory presumably also implies that 
the recall of these capabilities should be as- 
certained before instruction proceeds further 

5 Determining a Sequence for Evoking 
Performance The next step in instruction is 
to stimulate the learner to engage in relevant 
activity An initial move toward this goal is 
made by deciding upon the sequence of per- 
formance that is most conducive to efficient 
acquisition and durable retention For exam- 
ple, the decision is whether to present ma- 
terials in parts or in wholes, whether to 
institute massed or distributed practice, etc 
The term sequence m this connection does 
not lefer to the problem of ordering the pre- 
sentation of materials relevant to the acqui- 
sition of the series of subcapabilities m a given 
hierarchy — that sort of decision has presum- 
ably already been made in connection with 
the construction of curricular routes to ob- 
jectives Similarly, concern with the structure 
of knowledge to be imparted is nowhere evi- 
dent in this connection as it was m Bruners 
account of instructional functions But once 
again it must be pointed out that a concern 
with structure is subsumed elsewhere m the 
cumulative model, namely, in the tasks of 
designmg hierarchies of objectives and of 
curricular routes to each of them 

6, Prompting and Guiding the Learning, A 
second move m the effort to evoke desired 
performance in the learner consists of the in- 
troduction of cues or prompts into the learn- 
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ing situation One of the key instructor 
functions is to piovide (usually verbal) stim- 
ulation m addition to the central stimuli that 
are intended by themselves to evoke the 
desired terminal response This may consist of 
providing codes for the use of the learner or 
information as to what direction to take next 
m a problem-solving effort It will be lecalled 
that m Bruners view this function was in- 
corporated m a concern with the timing and 
nature of informative feedback as it relates 
to guiding the learner 

7 Promoting Generalization . The last 
function of instruction is to piovide conditions 
that increase the probability that what is 
learned will be appropriately transferred to 
contexts other than those of original learning 
Often the conditions of initial learning have 
a bearing on the extent of transfer and Gagne 
draws upon the research literature to specify 
some of these 

Guiding Individual Development. The 
fourth educational activity to which the cumu- 
lative model can make contributions is guid- 
ance, Guidance here is conceived to have 
three kinds of relationship to learning The 
first is that by providing the developing in- 
dividual with clear statements of the rela- 
tionship between learning activities and his 
long-term goals, positive motivation for con- 
tinued learning can be maintained The 
second relationship between guidance and 
learning concerns the task of providing the 
individual predictive information as to the 
likelihood that his goals can be achieved But 
more than this, given an achievable goal, an 
appreciation of the cumulative nature of 
learning on the part of the guidance coun- 
selor can issue m the establishment of spe- 
cific sequences of subordinate objectives 
leading to the attainment of the student’s 
terminal goal Third, the planful relating of 
subordinate objectives to terminal ones can 
itself be a fruitful learning experience, assist- 
ing the individual m acquiring the capability 
for such planning so that he can eventually 
engage m it without external guidance 

Assessing Student Progress. As Gagn4 has 
noted, “the effective management of cumula- 
tive learning virtually demands that assess- 
ment be undertaken at every step of the 
way” (Gagn6, 1966a, p 19), Since the cumu- 
lative model presumes learning to be hier- 
archical in its organization, the mastery of 


lower-level skills is a necessary prerequisite 
for the acquisition of higher-level capabilities 
Instruction, then, cannot succeed unless tech- 
niques are used for rehably determining 
whether or not a student has learned ade- 
quately from a particular segment of instruc- 
tion If he has not, other conditions of learning 
must be instituted to insure that he will Only 
when the individual has attained a paiticulai 
objective should he be permitted to commence 
work toward the next 

The instruments needed for this form of 
assessment are not readily available Most tests 
currently used in schools, even those that are 
leferred to as “achievement” tests, are con- 
structed to permit comparisons between a 
given individual and his compeers rather than 
between the extent of the individual’s masteiy 
of a capabilitv and the level of masteiy le- 
quired for furthei progress Gagne (1966a, 
pp 20-21) specifies four desirable propeities 
of tests for assessing individual progress The 
first is that they be cnterion-referenced rather 
than norm-referenced Tests should be con- 
structed to reveal the degree of the indi- 
viduals deviation from the performance 
required rather than from other individuals 
m his group Second, items m such tests 
should be designed and selected in terms of 
their capacity for unequivocally measuring 
the attainment of an objective, not m terms 
of their level of difficulty Third, the relation 
of an item to its attendant objective should 
be clear not only to the persons who construct 
the item but to the testee, teachers, and par- 
ents Finally, the meaning of a total test 
score should be clear to all such persons 
Tests designed in accord with these strictures 
would be truly revolutionary m the field of 
education and an application of the cumula- 
tive model to education is virtually impossible 
without them 

Apart from assessment techniques and the 
statement of educational objectives m behav- 
ioral terms, the cumulative learning model has 
a third implication which, if implemented, 
would be revolutionary in educational prac- 
tice, it concerns the role of individual differ- 
ences m educational development With 
regard to individual differences, the position 
of the cumulative model accurately reflects 
the facts of the school situation, namely, that 
individual differences are pervasive The posi- 
tion, predictably, is that instruction must be 
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“ 'individualized ” l£ successful learning is 
predicated upon the mastery by any given 
learner of all subordinate capabilities neces- 
saiy for the acquisition of a terminal capabil- 
ity, and if children vary in their possession of 
these prerequisites, then it follows that in- 
structional events must be scheduled to ac- 
commodate the status of the individual 

Admittedly, the schools have already at- 
tempted to make provision for individual 
differences though various withm-grade 
grouping piactices frequently called “track- 
ing ” But tracking is usually decided m terms 
of performance on norm- rather than cn- 
tenon-referenced tests Children aie grouped 
m accord with estimates of their typical rate 
of learning 01 of their “intelligence” rather 
directly m terms of the relevant capabilities 
they have acquired Furthermore, the instruc- 
tional practice that lesults from tracking is 
that of presenting to students assigned to 
“high” tracks more extensive and intensive 
curricular materials than those m the other 
tracks receive Students assigned to the lowest 
tracks, especially, receive a much 1 educed 
curriculum The learning sequences planned 
for childien m a tracking system, in other 
words, are not designed to eventually afford 
all children the same capabilities but instead 
provide low-track individuals with a simpli- 
fied version of the high-track curriculum at 
each grade level 

An alternative means of dealing with the 
immense vanety of learned capabilities and 
inherent capacities presented by individuals 
m the schools is the ungraded school This 
practice more nearly confoims to the impli- 
cations of the cumulative model than does 
the practice of tracking For m an ungiaded 
school, children are grouped m accord with 
the level of lelevant learning they have 
achieved rather than with respect to the rate 
at which they achieved it or at which they 
promise to achieve a higher level Only a 
ladically ungraded school, however, would 
permit the implementation of the full impli- 
cations of the cumulative model Only in such 
a system could all children with a common 
set of educational objectives be provided with 
a complete set of opportunities for achiev- 
ing them To be sure, objectives would be 
achieved at different rates, but they would be 
achieved This solution is not altogether as 
satisfying as it initially seems Consider a 


small elementary-level class constituted of 
children varying m age between 6 and 10 
years and in IQ between 80 and 130 Assume 
that despite the marked variance m chrono- 
logical age and IQ, all of the children have 
the same status with respect to measurable 
capabilities subordinate to the objective of 
their piesence m the class, say, learning to 
read aloud accuiately some specific materials 
at some specified rate Clearly, given these 
charactenstics, all children could be pro- 
vided with the same next set of exteinal 
learning conditions and learning objectives 
It is equally cleai, however, that the rate at 
which those next objectives would be achieved 
by the members of the class would vary 
widely Thus after a shoit period of time, 
iegroupmg would be necessary — in fact, if it 
were necessaiy to adhere to some form of 
homogeneous class composition, regrouping 
would need to be earned out with great 
frequency 

Stiict homogeneous grouping in this man- 
ner would probably prove quite bothersome 
and vntually unmanageable The need for it 
assumes the necessity of teaching children in 
groups that is, the necessity of group-centered 
instruction The cumulative model suggests, 
to the contrary, that the necessity is for 
individual-centered instruction where the situ- 
ation of a single teachei working simultane- 
ously with an entn*e roomful of children would 
be atypical rather than commonplace The 
operational conditions for individualized m- 
stiuction are distinguished by Gagn6 as fol- 
lows 

1 Beginning at an early age, the student 
needs to learn the general principle that 
learning takes place as a result of his own 
intellectual activity 

2 The matenals constituting the stimuli 
for learning need to be designed for maximum 
accessibility and ease of use by the student 

3 Each stage of learning needs to begin 
with a communication that makes the objec- 
tives of learning clear to the learner 

4 The student needs to be provided with 
a means of appraisal of his own performance 
which bears a direct and obvious relation to 
the objectives of the learning 

5 Activities designed to insure transfer of 
learning need to be provided for, in the form 
of discussions with the teacher or other stu- 
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dents, and other opportunities for application 
of the student’s acquned knowledge (Gagne, 
1966a, pp 33-34) 

It may be inferred from this list that the 
teacher’s function as an interactive figure in 
the classroom setting is largely confined to the 
fifth item His principal functions in such a 
system have more to do with guiding indi- 
vidual development across instructional seg- 
ments and ai ranging foi the implementation 
of the other four items on the list than with 
being a direct source of knowledge or the 
pumary stimulus to learning in the individual 

To evaluate the educational implications of 
the cumulative model in more conciete terms, 
the leadei is refeired to examples of its im- 
plementation with cumcular materials As 
should be cleai by now, the appioach re- 
quired is so detailed that present space is 
not adequate for describing conciete applica- 
tions Some examples of such applications may 
be found m Gagne and Paradise (1961), 
Gagne, Mayor, Gaistens, and Paradise (1962), 
Gagne and Bassler (1963) 

As a means of summaiizmg our examination 
of cumulative learning theory and its potential 
for contributing to education, let us try to 
characterize some of the main features of the 
model as they relate to education and edu- 
cational practice First, the model glows out 
of the tradition of learning theoiy and re- 
search It emphasizes the impoitance of learn- 
ing, retention, and transfer But, second, it 
allows for the learning of units much more 
complex than elementary connections — units 
such as concepts and rules or principles Never- 
theless, it is third, adamantly behavioristic m 
its demands foi definitions of objectives m 
terms of observable performance Fourth, 
when the model is turned toward education, 
its implication is that one must begin with 
the requirements for successful learning in in- 
dividuals rather than with the present struc- 
ture and oiganization of educational practice, 
which is largely m terms of classrooms This 
featuie of the approach may be of inestimable 
importance, for it means that radical change 
m educational forms may have to be made 
It insists, for example, that the individual 
student is the prime unit of instruction, not 
the classroom or the grade level Thus, fifth, 
individual differences are to be expected and 
planned for, not remediated Sixth, it implies 


the necessity for a hieiarchically organized, 
comprehensive, and continuous curriculum de- 
sign that extends across the entire educational 
lifetime of the student And, seventh, con- 
tinual assessment of student progress forms an 
integral part of the materials and piocedures 
of learning The mstiuments of assessment im- 
plied by the cumulative approach are not 
typical of those used m present practice That 
is to say, they are concerned with the stu- 
dent’s attainment of behaviorally defined, spe- 
cific capabilities, not with his performance 
relative to a norm group Finally, as we have 
seen, the cumulative model is weakest when 
the form of intellectual activity to be installed 
is at its most complex, that is, when it is a 
mattei of self-initiated reorganization or re- 
formulation of what is already known in the 
mteiest of reducing what is unknown Eighth, 
as was the case with mstiumental conceptual- 
ism, the capabilities of the student when pre- 
senting himself for instruction are ciucial m 
determining the events to which he will be 
exposed m beginning his journey through the 
school But, and again this is surprisingly 
consonant with Bruner’s position, readiness m 
the traditional sense is dismissed, readiness 
is important only msofai as it indicates what 
it is that the individual has yet to learn, not 
insofar as it implies that giowth must be 
awaited befoie the onset of instruction 

OBJECTIVES OF EDUCATIONAL 
DEVELOPMENT 

An attempt to set forth the objectives of 
educational development reveals the enormity 
of the work lemammg to be done in relating 
cognitive development and education The 
magnitude of the task is produced by at least 
two factors it is desirable that the human 
individual acquire a large number of com- 
plex capabilities, and investigations of the 
conditions that determine the development 
of these capabilities have barely begun 

It would be desirable to list general ob- 
jectives of educational development, including 
broadly descnbed skills and intellectual tools 
along with a variety of kinds of knowledge 
from particular subject-matter fields Pres- 
ently it is not possible to attain this goal In- 
stead, we shall have to be content with a very 
short list of objectives, stated at too general 
a level and with far too little direct connec- 
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tion with the psychology of cognitive develop- 
ment Thus it is important to emphasize that 
the gaps m need of spanning are cavernous 
Let us begin by agreeing, at least pro- 
visionally, that education has two objectives 
to facilitate the development of (1) the most 
intelligent and (2) the most productive forms 
of thinking possible in individuals Alter- 
natively, the terminal objectives of education 
may be said to be those of maximizing intel- 
ligence and creativity Obviously, neither of 
these phrasmgs is satisfactory, for we must 
go on to say what we mean by intelligence 
and what we mean by creativity Consider- 
able effort has gone into attempts to specify 
the referents of the two objectives and to ex- 
plicate the relationship between them No- 
table contributions have been made by 
Guilfoid (1950, 1959), Crutchfield and Cov- 
ington (1965), Mackmnon (1960), Torrance 
(1962), and Getzels and Jackson (1962) 

The most straightforward and, at the same 
time, the most unsatisfying referent of the term 
intelligence is the score obtained on an in- 
telligence test such as the Wechsler or the 
Binet With respect to education, a high IQ 
is unsatisfying as a cnterion because the per- 
formances required for such an outcome seem 
not to be representative of the capabilities 
sought through the process of schooling The 

Operations 
Memory 
Cognition 

Divergent Thinking 
Convergent Thinking 
Evaluation 

Theoretically, any one of the operations can 
be carried out upon any one of the kinds of 
content and can result m any one of the kinds 
of products listed, as when the evaluation of 
symbolic content results m transformations 
For example, consider the task of choosing the 
one of two series of scrambled letters that con- 
tains a meaningful English word and then un- 
scrambling the one chosen In doing so, a sub- 
ject evaluates symbolic units in making his 
choice between the two series and transforms 
the one chosen in order to produce an English 
word 

Whether or not these 120 capabilities turn 
out to be accepted goals of education is not 
of prune importance for our purpose here. 


idea of using a criterion such as test perfor- 
mance as an objective of education, however, 
has a very attractive feature, it is a behavior- 
ally defined objective that is widely under- 
standable The critical thing is to select the 
criterion properly and this means thinking in 
terms of multiple tests rather than a single 
one 

Guilford (1959, 1967) has constructed a 
general mode of intelligence that accords 
with this stipulation The method followed m 
building this structure-of-mtellect model con- 
sists of two major strategies The first is to 
apply factor analytic techniques to mtercor- 
relations among scores on a wide variety of 
measures of intellectual functioning Such 
analyses have yielded factois that have been 
grouped into three principal dimensions The 
second strategy is to cull from the psycho- 
logical literature possible additional factois 
which, when combined with the original set, 
form a logically exhaustive list The resulting 
model predicts at least 120 separate abilities, 
each of which is determined by one or more 
factors of intellect This rather long list of 
abilities is yielded by the intersection of the 
vanous components anayed along three di- 
mensions that describe the structure of in- 
tellect The dimensions and their components 
are as follows 

Froducts 
Units 
Classes 
Relations 
Systems 

Transformations 
Implications 

Agencies other than or at least m addition to 
psychological ones will have to be involved m 
determining whether or not these abilities 
constitute acceptable educational objectives. 

The striking features of the model are that 
it specifies a large enough number of varieties 
of intelligence to be comprehensive and it 
identifies each one in terms of observable per- 
formances on concrete tasks 

When one examines these tasks, it is clear 
that they do not sample adequately in any 
sense from particular subject-matter areas 
that usually form the mainstream of school 
curricula If capabilities in particular subject- 
matter areas form the objectives of education, 
then the structure-of-mtellect model is pat- 


Contents 

Behavioral 

Figuial 

Symbolic 

Semantic 
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ently insufficient This conclusion should not 
be construed as foregone, however, since it is 
possible to conceive that the primary objec- 
tive of education may cut across subject- 
matter specialties and thus fail to represent 
adequately any one of them For example, a 
principal educational objective might be to 
foster efficient learning of symbolic relations 
Such a capability is not specific to any par- 
ticular subject-matter area but is of clear 
relevance to a variety of school subjects and 
might be acquired m the couise of learning, 
say, mathematics, logic, physics, and political 
science 

In Guilford's view, the structure-of-intellect 
model includes what we have referred to as 
creativity or productive thinking as well as 
what we have called intelligence Other re- 
searchers have pointed out that in its usual 
sense, that is, performance on an IQ test, in- 
telligence does not encompass creative or 
productive thinking Getzels and Jackson 
(1962) evaluated the abilities of secondary- 
school students on both an intelligence test 
and a cieativity test The creativity test in- 
cluded items drawn from those mentioned by 
Guilford (1959) as measures of divergent 
thinking One of the results of the investiga- 
tion was that of the highest 20% of students 
on creativity tests, 70% did not score m the 
highest 20% on the intelligence test The 
conclusion is that since these two foims of 
intellectual capability are not inextricably 
tied, neither one, by itself, is a sufficient cri- 
terion of intellectual development Torrance 
(1960) confirmed the Getzels and Jackson 
(1958) results for younger children, grades 
one through six 

A cautionary note must be sounded be- 
fore proceeding further Thorndike (1963) 
has pointed out that the use of the term 
"creativity” to refer to a single capability as 
measuied by the tests of divergent thinking 
used m these studies may be unwarranted. 
His argument turns on the fact that the inter- 
task correlations among "creativity” tests are 
relatively low as compared with similar mter- 
correlations among subtests on standard tests 
of "intelligence” The point is that for the 
intelligence tests there is some reason to as- 
sume a single underlying ability, whereas 
several discrete abilities appear to determine 
performance on creativity tests 

On the basis of their findings, Getzels and 


Jackson (1962) and Tonance (1960) em- 
phasize that schoolmen should recognize the 
intellectual validity of creative capabilities 
and should incorporate this recognition in 
their efforts to guide the educational develop- 
ment of highly creative students of moderate 
IQ A more radical view can be taken, how- 
ever, as illustrated by the position of Crutch- 
field and Covington (Covington, 1967a) In 
brief, then thesis is that productive or crea- 
tive approaches to a wide variety of intellec- 
tual tasks should form the central core of the 
school curnculum It follows that particular 
content areas — mathematics, English, social 
studies — should simply pi o vide concrete ma- 
terials m teims of which to permit students to 
practice and peifect their use of the skills of 
productive thinking According to this view, 
the objectives of education aie to piomote 
effective use of a vanety of thinking skills 
across widely diffenng subject-matter areas 
Notice, however, that these objectives are not 
defined behaviorally, at least not if they are 
conceived as the goals to be attained by the 
end of secondary school 

Nevertheless the work of Crutchfield and 
Covington (1965) has been quite concrete 
and has produced definite behavioral criteria 
of productive thinking capabilities The cri- 
terion test battery used by these investigators 
has included three kinds of tasks In the first 
the child is required to solve problems that 
vary with respect to the amount of constraint 
inherent m the mtial statement of the prob- 
lem For example, two of the problems that 
have been used are, (1) to discover methods 
by which gigantic ancient statuary might be 
saved when the valley m which it is located 
is flooded by the building of a dam, and (2) 
to explain an apparent change m location of a 
nearby house during a single night The sec- 
ond kind of task consists of several tests of 
diveigent thinking that require the child to 
produce, for example, several consequences 
of some hypothetical event such as a world- 
wide increase of 5 inches in sea level Third, 
the cnterion battery has included inventories 
designed to index attitudes toward self, in- 
tellectual activity, and intellectual tasks Un- 
fortunately, the research of Ciutchfield and 
Covington has so far been limited to individ- 
uals of approximately fifth-grade age Hence 
considerable systematic work remains to be 
done across both later age spans, and prob- 
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ably the prefifth-grade years as well, before 
it will be possible to give explicit behavioral 
definitions of terminal educational objectives 
Moreover, the work to date has not incorpo- 
rated content that is germane to customary 
school subjects, so that it is not possible pres- 
ently to judge the potential of this approach 
for replacing the commonly accepted prime 
purposes of education Clearly this kind of 
revolution cannot come about quickly and for 
the moment it appears the contribution to 
education of the productive-thinking ap- 
proach will be auxiliary Even so, it seems 
clearly to be a salutary adjunct to the current 
emphasis on discipline-bound instruction 
After these few examples of educational 
objectives produced m the course of work by 
psychologists on problems of intellectual func- 
tioning, we still must consider what contribu- 
tions developmental psychologists can make to 
the setting of educational objectives This con- 
sideration is not a simple matter The setting 
of educational goals is not the task of the psy- 
chologist, but he can contribute to both the 
formulation of goals and the setting of objec- 
tives in at least three ways First, he can 
broaden the view of educators by carefully 
isolating and describing the range of intellec- 
tual attainments that are within the reach of 
human beings Second, he can make concrete, 
m behavioral terms, the meaning of these at- 
tainments, that is, he can inform the school- 
man about overt indicators of the possession 
of such capabilities Finally, he can provide 
evidence about the consequences of various 
kinds of environmental intervention, that is, 
instructional or educational intervention, for 
the attainment of these objectives at various 
points in the development of the individual 
The work of psychologists concerned with in- 
telligence and creativity lllustiates the first 
two kinds of contribution The present status 
of the work is such that it qualifies only as 
illustration because it has not been truly com- 
prehensive nor has it been adequately cor- 
related with the requirements of the schools 
The third kind of contribution, providing in- 
formation graded developmental^ about the 
effects on later intellectual functioning likely 
to result from specific kmds of earlier train- 
ing, involves an examination of the entire 
topic of curricular routes to educational 
objectives 


CURRICULA, CAPABILITIES AND 
EDUCATIONAL OBJECTIVES 

In educational terms, the means for guid- 
ing students to the attainment of educational 
objectives are the curricula that describe the 
sequence and content of schooling What are 
the curricula that will best lead to intelligent 
and productive behavior by the end of sec- 
ondaiy school? In psychological terms the 
task may be described as that of isolating the 
subcapabilities or subskills necessary for intel- 
ligent and productive behavior, specifymg the 
conditions that promote the acquisition of 
these capabilities, and discovering the optimal 
timing and sequence m which to impose these 
conditions in view of the presenting status of 
the individual The last two psychological 
components of the cumcular task will be taken 
up m subsequent sections of this chapter Our 
present concern will be with the matter of 
isolating and specifying the subskills neces- 
sary for intelligent and productive behavior 

When reviewing the work of psychologists 
relative to the topic of acquiring capabilities, 
one is struck by the disproportionate distribu- 
tion of effort at the lower end of the age 
range Comparatively, the amount of theory 
and evidence available for preschool and 
primary-school children is massive and that 
for secondary-school age groups is slender in- 
deed Some of the possible leasons for this 
state of affairs are worth mentioning One is 
that the terminal capabilities expected of the 
secondary-school graduate are highly com- 
plex, involving as they do the stiucture and 
contents of a variety of scholarly disciplines 
In contrast, the terminal capabilities expected 
of a third-grade student are simple indeed, 
although they still defy a completely satis- 
fying account m terms of psychological 
theory Since the nature of psychological le- 
search is slow and painstaking, it is no sur- 
prise that the amount of progress made m 
describing and understanding the cognitive 
capabilities necessary for attaining terminal 
secondary-school objectives is quite small 
relative to the overall dimensions of the task 
A second reason is that the kind of research 
most often conducted by psychologists, espe- 
cially experimental psychologists working on 
problems connected with topics of cognitive 
development, is most relevant to the kinds of 
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educational capabilities demanded of pie- 
school and primary-school children Considei 
the instance of the experimental psychology 
of verbal learning (see, eg, Cofer, 1961, 
Cofer and Musgrave, 1963, Goss and Nodine, 
1965) To be sure, the subjects in verbal 
learning studies are diawn most often from 
college-age populations Nevertheless, the 
tasks set for the subject and, consequently, 
the refeients of generalizations issuing from 
the experiments, aie more applicable to the 
learning that occurs in kmdeigarten and the 
pnmaiy grades than they are to the learning 
a student is expected to manage in college 
The memorization of lists of single items, 
whether accoidmg to a senal, paired-associate, 
or free-recall paradigm may be chaiactenstic 
of school tasks m the early grades but not at 
the college level For these and other reasons, 
the consideration that will be given heie to 
potential contributions of psychology to cur- 
ricula will be heavily concentiated m the 
preschool and primary-school period Never- 
theless, we shall begin at the other end with 
a discussion of elemental y and secondaiy 
curriculum developments to which a psychol- 
ogy of cognitive development can contribute 

Elementary and Secondary Levels 

Most of the leseaich activity dnected to- 
ward constructing curricula for promoting 
the attainment of teimmal educational ob- 
jectives has been concentiated in mathematics 
and the sciences Although it started some- 
what later, there is now promise that a similar 
substantial outpouring of effort will occur in 
the aieas of English and various social studies 
as well Our piesent scope will be limited, 
including only the topics of mathematics 
and creativity as they pertain to newly 
constructed curricula for elementary- and 
secondary-school children Other curricular 
areas could be included as well, but due to 
the presently minimal conti ibution of de- 
velopmental psychologists, they will be omit- 
ted Curricular developments m the areas to be 
leviewed are, m some cases, lelevant for the 
younger age groups as well But for now, we 
follow present educational practice and recog- 
nize a major juncture at the interface between 
primary and later elementary education 

Mathematics* The amount of work in 
mathematics education is presently quite sub- 


stantial and well-i eceived m school systems 
Numerous projects have developed in which 
full-scale cumculai construction programs 
have been undertaken Among those having 
already received considerable attention from 
educators are the School Mathematics Study 
Group (SMSC) (see Begle, 1958, Cahen, 
1963, Weaver, 1963), Madison Project (see 
Davis, 1963, 1966), University of Illinois 
Anthemetic Project (see Hohn, 1961, Deans, 
1963, Page, 1962), Sets and Numbers Proj- 
ect (see Suppes, 1964, 1965, Suppes and Hill, 
1963, Suppes and Gmsbeig, 1962, Suppes 
and McKmght, 1961), and the Univeisity of 
Maiyland Mathematics Pioject (see Gagne 
and staff, 1965) To gieatei or lesser degrees, 
these piojects have taken the lewoikmg of 
the entire mathematics cuinculum as then 
task, some peitain to the elemental y cui- 
ncula only and otheis to jumoi high school 
curricula as well In general the “new math" 
as represented here marks a shift away from 
the presentation of commercially lelevant 
arithmetic ideas to an emphasis on cential 
mathematics concepts as conceived by mathe- 
maticians 

Relative to these efforts, the questions we 
shall considei are What have been the con- 
tnbutions of psychology? And what additional 
contributions might be made? The answer to 
the fiist question is that the contributions of 
psychologists to the constiuction of these 
mathematics curricula have varied fiom one 
project to the next The contnbutions of 
Suppes to the Sets and Numbers project and 
of Gagne to the Maiyland Mathematics pro- 
ject have been quite central Suppes* approach 
(Suppes, 1964, 1965, Suppes and Hill, 1963, 
Suppes and Ginsberg, 1962, Suppes and 
McKmght, 1961) has been notable m several 
respects The construction of the materials, 
the mode of presentation, and methods of 
piactice instituted were mfoimed by a psy- 
chological theory, specifically a modified 
version of stimulus sampling theory, the 
efficacy of the matenals used has been evalu- 
ated systematically, and an analytic concern 
with basic theoretical questions of the nature 
of concept learning, concept transfer, and 
generalization has issued m concurrent ex- 
perimental studies designed to shed light on 
these issues For example, some of the early 
objectives of the Sets and Numbers first- 



1410 WILLIAM D ROHWER, JR 


grade curriculum are the acquisition of the 
notions of sets, identity of sets, equipollence 
of sets, and ordered sets These notions are 
presented m a workbook, frequently by means 
of figuial illustrations, and students respond 
by answering multiple-choice questions that 
assess their understanding of the concepts 
given 

In initially constructing curricular materials 
of this kind and in seeking to revise and im- 
prove them, questions arise regarding the op- 
timal sequencing m instruction of the series of 
concepts, the stimuli that should be used to 
present the concepts, and the sorts of re- 
sponses to require m order to impiove transfei 
and geneialization of the concepts learned 
Suppes and his colleagues have conducted 
empirical studies designed to provide answers 
to these questions One of the laudable 
aspects of the studies is that the materials 
were very similar to those used m the Sets and 
Numbers curriculum Suppes and Ginsberg 
(1962) have summarized the results of such 
studies with young children (kindergarten 
and first-grade) learning is more efficient if 
errors are corrected immediately, incidental 
learning of concepts cannot be expected, con- 
cept transfer is enhanced when the child is 
required to recognize the presence or absence 
of a concept in a display rathei than simply 
matching one display with anothei, and learn- 
ing of the concepts of identical, equipollent, 
and ordered sets is quite specific — the learning 
of one of these does not appear to facilitate 
the learning of another Attention has even 
been given to some developmental questions 
m terms of an appraisal of how children of 
different ages respond to a series of questions 
demanding logical inference (Hill, 1961) 

As reported by Gagn 6 and others (1965), 
the contribution of psychology to the Mary- 
land Mathematics project has also been quite 
substantial Predictably, the contribution m 
this case has been in terms of specifying be- 
havioral objectives, constructing the materials 
m accord with a hierarchical analysis of the 
capabilities necessary for acquisition of the 
terminal skill, and evaluating the effects of 
previous attainment of subordinate capabil- 
ities on the ease of attaining a superordmate 
capability In particular, one objective was 
that of ‘"specifying sets, intersections of sets, 
and separations of sets, using points, lines 
and curves ” Analysis of the objective yielded 


a number of subcapabilities (eg, identifying 
and drawing a plane, identifying and drawing 
a curve) and experimental learning programs 
were constructed to promote the acquisition 
of these skills Among five programs, the num- 
ber and variety of examples used for each 
subskill were varied The efficacy of the pro- 
grams was evaluated by posttests designed to 
measure performance with respect to both 
terminal and subordinate capabilities The 
results mdicated that number and variety of 
examples were not effective variables and pro- 
vided confirmation for the notion that the 
acquisition of a capability depends upon 
the previous acquisition of subordinate 
capabilities 

The role of psychological theoiy and meth- 
odology apparently has not been as central m 
many of the other projects, certainly it has 
not been as visible 

This brings us to our second question What 
psychological contributions might be made to 
the development of mathematics curricula? At 
the risk of redundancy, it must be said that 
there is room and need for collaboration at a 
number of points m such curricular efforts 
In addition to those functions already men- 
tioned, specifying objectives, analyzmg the 
necessary steps to curricular objectives, and 
sound evaluation, a psychology of cognitive 
development can contribute substantially m 
other wavs It can focus concern upon ques- 
tions regarding the acquisition, retention, gen- 
eralization, and transfer of concept learning 
in the case of both simple and complex con- 
cepts of the sort involved in mathematics (see 
Mornsett and Vinsonhaler, 1965, pp 102- 
108) 

But there is still another kind of contribution 
that a psychology of cognitive development 
can make to the development of mathematics 
curricula Theie is an almost entirely unfilled 
need for assessing the efficacy of curricular ma- 
terials developmentally both as a function of 
the age of the students and as a function of 
their previous lelevant learning An available 
but quite limited example of this approach is 
provided m a study reported by Joyce and 
Joyce (1964) Then aim was to evaluate the 
ease of acquisition of some of the concepts 
involved in SMSG curricula by fifth- and sixth- 
grade children A preliminary assessment was 
made of the ability of the subjects to perform 
both concrete and formal operations so that 
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controls for this ability could be built into the 
study The pretest results revealed that the 
sixth-grade children were supenor to the fifth- 
grade children m their capacity for formal rea- 
soning Nevertheless, children from both 
grades derived significant benefit from the 
SMSG materials More complete assessments 
of this kind are needed both with respect to 
the ease of acquisition of a particular math- 
ematical capability and with respect to the ef- 
fects of acquiring a given capability at one age 
rather than another on the acquisition of other 
capabilities That is to say, an experimental 
examination should be made of an interaction 
between age and particular training contents 
with respect to the amount of savings pro- 
duced m the later learning of some transfer 
task (see Cronbach, 1965, Mussen, 1965) 
Such curricular involvements on the part of 
psychologists concerned with cognitive de- 
velopment would facilitate efforts to answer 
psychological questions as well Too little is 
presently known about concept development 
m the realm of complex, well-structured sub- 
ject matters and it is precisely from investiga- 
tions of the sort mentioned that advances are 
likely to come 

These comments apply equally well to cur- 
rent developments m the area of elementary 
and secondary science curricula Brief descrip- 
tions of some of the more visible programs m 
this area may be found m the Review of 
Educational Research (Atkin, 1964, Hurd 
and Howe, 1964, Leiderman, 1965) 

The observational studies of Piaget (see 
Flavell, 1963, and chapter by Flavell m this 
book) have had some influence upon those 
working m the area of science curricula, as 
well they might have Again, the need is for 
systematic planmng and execution of psy- 
chological research m the various phases of 
these projects rather than for additional influ- 
ential theoretical pronouncements The pre- 
sentation of concepts and the attempt to 
institute conditions that facilitate their acqui- 
sition is a prmcipal task of efforts m science 
curricula programs, a task that encompasses 
some of the central concerns of psychologists 
interested m cognitive development And yet, 
only in exceptional, scattered cases has the 
form of collaboration necessary to yield fruit- 
ful psychological information and enduring 
educational contributions been instituted 


The type of supporting research that per- 
mits one to assess how well one is succeeding 
in the management of relevant instructional 
variables requires a constant and close col- 
laboration of teacher, subject-matter specialist, 
and psychologist As intimated earlier, a cur- 
riculum should be prepared jointly by the 
subject matter expert, the teacher, and the 
psychologist, with due regard for the inherent 
structure of the material, its sequencing, the 
psychological pacing of reinforcement, and 
the building and maintaining of predisposi- 
tions to problem solving As the curriculum is 
being built, it must be tested m detail by close 
observational and experimental methods to 
assess not simply whether children are 
"achieving” but rather what they are making 
of the material and how they aie organizing 
it It is on the basis of "testing as you go” that 
revision is made It is this procedure that puts 
the evaluation process at a time when and 
place where its results can be used for cor- 
rection while the curriculum is being con- 
structed (Bruner, I966d, p 70) 

Two additional dicta should be mentioned 
The first may simply be a matter of giving 
greater emphasis to the importance of ex- 
plicitness m research done in support of cur- 
riculum development Ingenuity and flair are 
not enought to effect enduring and extensive 
changes m education, however much virtuosity 
is involved Only with painstaking efforts at 
specifying objectives in terms of the behavior 
expected of students and at specifying meth- 
ods, materials, and procedures m terms of the 
behaviors expected of teachers , can full impact 
be made The second addition concerns the 
form of the reseaich to be carried out m con- 
nection with curriculum-building Such re- 
search must be designed with the intent of 
contributing directly to psychological under- 
standing of the basic processes m cognitive 
development This means planning studies 
that conform to the demands of experimental 
design m order that valid inferences may be 
drawn 

It also means using designs that will permit 
the testing of developmental hypotheses — pro- 
viding, in other words, for an adequate assess- 
ment of possible interactions between age, past 
experience, sequencing, and treatment com- 
ponents The point is not that psychological 
training is crucial for the initial creation of 
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curricular materials — it is not Rather, the 
point is that a psychological conti ibution is 
necessary if we are evei to know anything 
about the effects of new curricula and if we 
aie ever to learn anything lasting from cur- 
ricular efforts about the development of the 
human mind 

Creativity Research and development re- 
lated to curricula and creativity are buigeon- 
mg activities At least two different approaches 
to these problems may be distinguished One 
holds that the acquisition of any subject- 
matter ought to be infused with creativity 
(Suchman, 1960) The other holds that the 
cognitive piocesses involved in cieative think- 
ing aie themselves worthy objectives of edu- 
cation and theiefore ought to be taught (Cov- 
ington, 1967a) Both approaches arise from 
the assumption that one of the most important 
potential outcomes of schooling is the ability 
to approach both knowledge and the unknown 
m a self-activated manner with well- developed 
skills for both the acquisition and the dis- 
coveiy of knowledge Both approaches have 
pioduced auricular materials and programs 
that follow from then assumptions And both 
approaches have achieved a modicum of ac- 
ceptance for actual school use Nevertheless, 
the differences between them are important, 
since students learn diffeient things from the 
two forms of training 

The point of those that are committed to 
the importance of cieativity or productivity as 
a major objective of education is well taken, 
the specific contents of subject-matter areas 
aie transitoiy, and education therefore cannot 
take as its sole objective that of assuring the 
memorization of existing knowledge which 
is likely to become obsolete soon after it is 
acquired 

The argument is persuasive but it is im- 
portant to note that there aie variations on it 
One version has it that the ciucial thing is to 
teach children creative habits of inquiry as 
they acquire the subject-matter that the 
schools normally provide A second version 
starts by noting that creativity or productive 
thinking cannot occur m the absence of some 
kind of concrete materials with which the 
student can be productive or creative It 
finishes bv arguing that being creative means 
being creative in one field or another, and 
creativity m a field can occur only after the 
subject matter of the field has been so over- 


leal ned as to free the individual from the task 
of comprehension and retention (Eisner, 
1963) The thud approach takes the view that 
unless the capabilities for creative thinking 
are taught as a subject in their own right, 
they will not be learned well oi retained for 
long since the principal content of learning 
will inevitably be that of the subject matter 
at hand (Covington, 1967) 

The absence of decisive empmcal ev- 
idence means that a definitive choice among 
these vanations on the theme of cieativity m 
educational development cannot yet be made 
It is also cleai that they aie not mutuallv 
exclusive, except m the sense that limits on 
educational time and educatois* eneigies may 
prevent then simultaneous implementation 
Few would disagree that foi some children, 
at some ages, with particular backgiounds of 
experience m connection with some subject 
matters, learning through discovery (methods 
through which students aie led to ainve at 
principles by induction after being given 
examples) is a good thing Equally few would 
disagree that despite the danger of eaily 
obsolescence there is much benefit to be de- 
rived from masteiy of a field followed by 
cieative contributions to it (although manv 
would stipulate that excessive focus on mas- 
tery pi ecludes oi lgmahty ) Finally, few would 
disagiee that if it is possible to create cur- 
licula having the sole objective of installing 
capabilities foi creative thinking, it is woith 
doing 

Despite all of this potential complementar- 
ity among the vanous conceptions of the place 
of creativity m education, oui focus heie will 
be on only the one associated with the work 
of Crutchfield and Covington (1965) The 
conception identified with Suchman (1960), 
the Inquiry Method (discussed later), when 
viewed m connection with cieativity properly 
belongs m a more general discussion of the 
conditions that facilitate educational develop- 
ment The version associated with Eisner 
(1965), which holds that mastery of subject 
mattei must precede creativity, represents a 
distinct position on the issue of fostering 
creative thinking but hardly seems capable of 
generating a curriculum dnected toward that 
objective Thus our focus for the remainder 
of this section will be upon the third version, 
that conceined with directly promoting skills 
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of creative thinking through curnculum de- 
velopment 

This appioach is well-represented by woik 
done in the Cieative Thinking Project under 
the direction of Crutchfield and Covington 
(Covington, 1967a, 1968, Covington and 
Crutchfield, 1965, Crutchfield and Covington, 
1965) The objectives of the curricula de- 
veloped by these investigators aie to foster 
dispositions towaid engaging in tasks that 
permit of cieative thinking, positive attitudes 
of the student towaid himself as a pioductive 
thinker and towaid intellectual activity, and 
cognitive skills that do, in fact, impiove the 
individual’s ability to think pioductively 

An auto-ms tructional pi o gram was con- 
stiucted to facilitate the attainment of these 
objectives 

The program consisted of a senes of simpli- 
fied detective and mystery stones Such stories 
were chosen because they mteiest childien, 
because they effectively combine many of the 
essentials of the pioblem-solvmg process, and 
because they can deal with a vanety of situa- 
tions which cut across curnculum content 
areas 

Each lesson posed a single mysteiy which 
the child was to solve The lesson was con- 
stiucted so that the child, by being given a 
succession of clues and information, was fi- 
nally led to discover the solution for himself 
At various points in the story sequence, the 
child was requued to restate the problem m 
his own words, foimulate his own questions, 
and generate ideas to explain the mystery 
Feedback to his responses was given on fol- 
lowing pages in the form of examples of ideas 
or questions that he might have thought of m 
the given situation These examples weie 
pimnarily ones which fifth- and sixth-giaders 
would find novel and uncommon, and which 
would open new hues of investigation or new 
ways of viewing the pioblem It was assumed 
that the exposure to numerous examples of this 
type would tend to broaden the child’s vision 
and limits of acceptance as to what constitutes 
important questions and fiuitful ideas 

A story line was maintained throughout the 
lessons by developing a narrative concerning 
two school children (named Jim and Lila, 
brother and sister) as they learn to become 
detectives by taking lessons from their uncle, 
a high school science teacher who is a spare- 


time detective The novel and uncommon 
lesponses given as feedback to the student 
were presented as Jim’s and Lila’s ideas Thus, 
the student could work on the problem m 
concert with Jim and Lila — fiist the student 
geneiatmg his own questions oi ideas, then 
Jim and Lila responding with thens This 
allowed the student to paiticipate m the solu- 
tion of pioblems with a pan of curious and 
imaginative childien, one male and one fe- 
male, who acted as models to be emulated, 
The models weie not meant to be peifect, 
they make mistakes, but learn by them Fiom 
being pooi problem solvers at fiist, they de- 
velop their skills piogiessively to become 
much better ones It was hoped that iden- 
tification with such lealistic models would in- 
duce in the student a sense of his own pio- 
gressive impiovement m thinking skills as he 
worked through the piogiam 

These stories were presented pnmanly by 
caitoon illustration m a booklet format It was 
assumed that such visual presentation would 
not only mciease the student’s interest m the 
material, but would make it easier foi him to 
follow the dialogue and thought sequences of 
the story characters 

The tiaming program consisted of 13 les- 
sons with an aveiage of 30 pages pei lesson 
Each lesson was self-administering and self- 
paced The program was of a lmeai type with 
pnmaiy emphasis on constructed lesponses 
(Covington and Ciutchfield, 1965, p 3) 

The method formulated for achieving these 
objectives has at least three aspects that are 
mstiuctive for our concerns heie Fust, it 
issued from a sensitivity to conditions of edu- 
cational practice That is, the materials that 
weie constiucted for fosteimg creative think- 
ing were designed to be self-admmistering 
This has two obvious advantages the program 
is relatively less subject to between-classroom 
variability than those in which the teacher is 
the crucial source of information, and the 
materials are m a form that can be adopted 
by schools without extensive tiainmg and 
indoctrination for teachers who aie to use 
them 

The second notable aspect of the method 
adopted by the Creative Thinking Pioject is 
that the creation of the instructional materials 
themselves was not stringently guided by psy- 
chological theory and research, although m an 
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informal manner there is no doubt that it was 
influenced by them Whether or not this is a 
virtue depends at the present time upon the 
observer s bias more than upon evidence, since 
it is yet to be determined whether or not 
materials generated by deductions from theory 
produce superior results 

The point to be emphasized is simply that 
the principal contribution of a psychology of 
cognitive development to a curricular effort 
may not be through the initial construction of 
materials For example, the construction of 
one program produced by the project, the 
General Problem Solving Program, proceeded 
somewhat as follows It was decided to create 
materials for use with fifth- or sixth-grade 
elementary-school children A few preliminary 
lessons were constructed and administered to 
groups of children in these grades The lessons 
contained provisions for the children to re- 
spond at various points throughout each one 
and on the basis of these responses the lessons 
were revised and extended Additional les- 
sons were added and subjected to the same 
sort of preliminary testing and evaluation 
The process of pilot work continued until a 
more or less complete series of lessons had 
been evaluated m a preliminary way Then 
full-scale empirical studies were made of the 
effectiveness of the materials Note that at no 
point did scientific information about the cog- 
nitive structures of children m the target age 
range play a crucial role m the design of the 
materials, nor did methodological strictures 
coming from research on piogrammed instruc- 
tion, although both kinds of information con- 
tributed in a background fashion 

The third aspect of these materials that is 
worth special attention is concerned again 
with their self-admimstermg character This 
feature of the progiam permits accommoda- 
tion to individual differences, at least with 
respect to the characteristic paces at which 
students are able to traverse instructional les- 
sons Admittedly this marks only a first step 
m taking account of individual differences m 
curriculum making, but it is at least that 
The question remains What sort of con- 
tribution can a psychology of cognitive de- 
velopment make to a curriculum effoit such 
as that of the Creative Thinking Project? The 
question must be answered m terms of the 
unfulfilled needs that such a project has m 
the absence of such a contribution, needs that 


can be clarified by examining the results of 
the introduction of the program m elementary- 
school classrooms 

In the best designed of the studies using 
these materials, they were administered to 
fifth- and sixth-grade children in classroom 
settings Within each classroom, children weie 
assigned to two groups at random, m one 
the General Problem Solving Program was 
administered, whereas m the other a placebo 
piogram, concerned with state histoiy, was 
administered Prior to the onset of training, 
an extensive battery of pretests was given to 
all children These pretests weie paralleled by 
posttests administered at the end of training 
A variety of tasks was used for this purpose, 
including a number drawn from those de- 
veloped by Torrance (1965), a number of 
problems to be solved, some cieated especially 
for this project, others, such as Dunckers 
X-ray problem, drawn from the literature on 
problem-solving In addition, some other 
unique problem-solving tasks have been de- 
veloped to permit an assessment of the child’s 
preference for intellectual as against clencal 
activity (see Covington, 1967) Finally, the 
battery includes an inventory designed to 
assess attitudes toward self, school, and in- 
tellectual activity 

At the conclusion of the pretest, the train- 
ing is begun and administered at the rate of 
one lesson per day for a total of some 16 
school days Each lesson requires approx- 
imately 30 minutes of time for completion, 
so that it is not excessively disturbing to a 
school schedule The contents of the program 
are fully described by Covington (1968) 
Suffice it to say here that the child is induced 
to engage m activities such as generating 
ideas, evaluating ideas, suspending criticism, 
forgoing premature fixation on solutions, notic- 
ing subtle hints and clues to problem solution, 
and reformulating information These activ- 
ities are tied together through the medium of 
a story-lme presentation of the problems, m 
which continuing characters engage m activ- 
ities that are replete with puzzling phenomena 
and problems to be solved 

The results m a number of replications of 
variants of this same study consistently show 
that children who receive the General Problem 
Solving Program peiform significantly and 
substantially better on criterion tasks, gam 
more from pretests to posttests, show greater 
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changes toward positive attitudes toward self 
and school, and show a stronger disposition to 
formulate problems and engage m their solu- 
tion than do the control children In general, 
greater benefits are derived from the program 
by fifth- than by sixth-grade children In sum, 
the effort to improve capabilities lelevant to 
problem-solving and other related forms of 
productive thinking has been eminently suc- 
cessful 

We now return to our central concern with 
what kind of contribution the study of cog- 
nitive development can make to an effort 
such as this one There are many possible 
answers to this question The program de- 
scribed has been successful as judged by 
performance on criterion tasks but veiy little 
is known, so far as can be determined from 
reports piesently available, regarding the rea- 
sons for its success That is to say, the task 
of isolating the components of the treatment 
that determine its success has not been ac- 
complished Until it is, the utility of the 
approach is limited to the specific materials 
produced Similarly, the question of whether 
or not the training provided by the program 
facilitates acquisition of other capabilities is 
entirely indeterminate The differential effec- 
tiveness of the training materials for fifth- and 
sixth-grade childien suggests that a systematic 
developmental study is needed to reveal the 
limits of effectiveness of the present form of 
the materials and to isolate the determinants 
of these limits Finally, the kind of information 
that could be yielded by a psychological 
analysis of the present program m terms of 
basic processes m cognitive development 
promises to permit modifications and additions 
that would strengthen its effectiveness These, 
then, are some of the contributions to this 
particular form of educational practice that 
might be made by those interested in research 
and theory in cognitive development 

In order for a child to profit from the Gen- 
eral Problem Solving Program or from any of 
the other curricular materials that involve the 
child m obtaining information from printed 
materials and gnvng evidence of his posses- 
sion of the relevant terminal capabilities, he 
must already possess some lower-order capa- 
bilities, One of these, reading, long formed 
the heart of the primary-school curriculum 
Thus we next consider the contributions that 


the study of cognitive development can make 
to the acquisition of this capabihty 

Primary Level 

Present educational practices have changed 
sufficiently that childien are asked to learn 
more m the primary grades than reading, 
writing, and arithmetic Indeed, most of the 
curricular topics We have considered aie 
taught m primary school as well as at elemen- 
tary and secondary levels Nevertheless, the 
acquisition of the capabilities involved m read- 
ing persists in being one of the very major 
concerns of schoolmen responsible for pri- 
mary-school education Not only is reading 
central m the primary-school curriculum — it 
is also problematical For much too large a 
percentage of childien do not learn to read 
well, or m some cases at all, by the end of the 
third grade Furthermore, reading is properly 
taken up at this point m our discussion be- 
cause it is prerequisite for much other later 
learning 

Reading is well worth our attention for 
another reason It provides a clear illustration 
of the point that the relevance of reseaich for 
educational practice does not guarantee that 
it will effect changes m practice The recent 
book by Chall ( 1967 ) provides striking docu- 
mentation of the plethora of research that has 
been done on reading and the paucity of effect 
that it has had True enough, the results of 
some studies were not unequivocal But, even 
where the results were clear, as m their 
indication that “code emphasis” methods of 
promoting beginning reading are superior to 
4 meaning emphasis” methods, their impact on 
practice has been negligible 

Thus it is appropnate to state again the 
distinction that has lecurred throughout this 
discussion of the relationship between cog- 
nitive development and education* The first 
step in accomplishing a liaison between the 
two fields is the growth of research that m 
one way or another pertains to schooling 
problems This is the step that psychologists 
of cognitive development can themselves ac- 
complish m substantially effective ways* The 
next step, however, does not follow ineluc- 
tably from the momentum generated by the 
first The step of effecting change m educa- 
tional practice requires methods and pro- 
cedures beyond those required for research 
and theory construction m cognitive develop- 
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ment It lequires the creation of curricular 
materials suitable for use in schools, well- 
managed introduction of those materials into 
the schools and, at least at the beginning, 
lelatively constant monitoring of then use to 
insure that it continues beyond, let us say, 
the fiist week After this has been accom- 
plished — in fact, while it is being accom- 
plished — the psychologist's methods can make 
additional contributions to the goal of eval- 
uating the materials constructed, indicating 
modifications or diversifications of them, and 
determining the conditions under which their 
effectiveness is maximal But these functions 
are to be distinguished from those necessary 
for the actual use of the products of research 
m daily educational practice The necessary 
functions must be earned out as well 01 it 
seems piobable that the best of research m 
cognitive development will come to very little 
in terms of the improvement of education 

As we saw to be the case for curriculum 
developments m mathematics and creativity, 
research activity in connection with leading 
has buigeoned Of all the curricular develop- 
ments reviewed thus fax, howevei, the con- 
tributions of the study of cognitive develop- 
ment are far more exciting m connection with 
reading than m any other. The talents and 
concepts of many psychologists interested m 
cognitive development have tumed to the 
pioblems of reading and the results of the 
investigations and speculation that have en- 
sued are fascinating Those mteiested in per- 
ceptual development, learning, language 
acquisition, psycholinguistics, sociolinguistics, 
and even psychophysiology have made pro- 
vocative contributions to these developments 
A perusal of the tables of contents of the 
various Project Literacy Reports reveals the 
breadth, variety, and intensity of interest that 
has been generated in research 1 elated to the 
topic Among the reviews that have recently 
appeared, those by Williams (1965), and by 
Kerfoot (1967) provide another index of 
these developments 

In work related to the problem of reading 
mstiuction, the overriding strategy of develop- 
mental psychologists has been to analyze the 
process into its components and to subject 
these components to experimental and theo- 
retical analysis These analyses, as we shall 
see, have not yielded uniform results, nor 
have empirical investigations yielded uniform 


mterpietations and speculations, but they do 
share a concern for specifying the processes 
that undeilie the acquisition of reading skills 
In othei words, the method of attack has been 
to ask about the subskills that are prerequisite 
to the acquisition of the capability of reading 
It is impoitant to recognize that the present 
status of this relatively new work on the 
components of reading skills has not advanced 
sufficiently far to have promoted the develop- 
ment of validated instructional materials for 
the teaching of reading Thus the remainder 
of our discussion of this topic anticipates our 
next concern — the general categories of basic 
cognitive skills that must be presupposed if 
any of the kinds of learning that are commonly 
identified as school learning can go foiward 

Much of the curient basic research on read- 
ing has been conducted by a number of in- 
vestigators loosely organized into a consor- 
tium called Project Liteiacy In reviewing 
studies done within the Project, let us begin 
with a psychological analysis of reading capa- 
bilities, which is notable for its clarity and 
foi the quality of the research it has gen- 
eiated (Gibson, 1965a, 1965b) Gibson di- 
vides the acquisition of leading skills into 
foui stages that form a developmental se- 
quence 

(1) Learning speech, m all its aspects such 
as hearing, comprehending and producing it, 

(2) learning to differentiate graphic symbols, 

(3) learning to decode graphic symbols to 
speech, and (4) progressive utilization of the 
higher-order constraints and regularities m 
the system, the system being considered as 
an mtermodal, graphic-phonic set of correla- 
tions (Gibson, 1965b, p 1) 

We shall not consider the first stage until we 
have discussed the more general problem of 
language development Gibson's approach to 
the second stage is of considerable interest 
Di awing upon the work of Jakobson and 
Halle (1956) on distinguishing among pho- 
nemes m terms of their unique patterns of 
distinctive features, Gibson (1965a) has de- 
veloped a scheme for analyzing letters in a 
similar fashion The original list of features 
includes such things as the directionality of 
straight lines and open and closed curves, if 
any, that form the letters Using this list of 
features as an index of interletter similarity, 
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a modicum of success was achieved m an 
attempt to predict the relative confusability 
of letters In another study (Yonas and Gib- 
son, 1967) it was found that children as young 
as those in a second-giade sample could make 
use of the feature of diagonality in a task 
requiring discrimination among two sets of 
letteis, the sets being defined by the experi- 
menter 

These two studies, by themselves, do not 
establish the hypothesis that learning to dis- 
criminate letteis is a perceptual learning task 
m which the child makes use of the distinctive 
featuies list developed Accordingly, the im- 
plications foi education are not duect Never- 
theless, work to date does suggest that it 
would be woithwhile to develop an instruc- 
tional sequence for lettei disci intimation m 
which heavy leliance would be placed upon 
techniques for highlighting the distinctive 
feature propeities of letteis 

Work on the third stage of reading acquisi- 
tion began with studies of the effects of learn- 
ing single-letter to single-sound conespond- 
ences Bishop (1964) showed that transfer 
of such learning to new woids was successful 
when component correspondences had been 
learned as individual units but not when 
learned by a whole-word method The impli- 
cation here, of couise, is that legulai coire- 
spondences ought to be taught and that some 
successful means of instruction should be 
found But before this effoit is expended, 
Gibson and her colleagues suggest that a 
critical pnoi question must be answeied, 
What is the primary psychological unit of 
spelling-to-sound correspondence? Their an- 
swer, drawing on the woik of Hockett (1965) 
and Venezky and Weir (1966), is that this 
unit is not the letter, rather it is the lelatively 
invariant set of correspondences between pro- 
nunciation and letter clusteis when the loca- 
tion of the clusters within a word, with respect 
to both position (initial, medial, final) and 
environment (context provided by the other 
letters m word) aie specified (eg, ban, mat 
versus bane, mate) Thus work on the fourth 
stage of development, concerning the use of 
higher order constraints, overlapped into the 
third stage 

The results of this line of investigation are 
absorbing Initially it was established that 
nonwords formulated m accord with morpho- 
phonemic rules of English spelling (letter 


clusters) so as to be pionounceable (eg, 
“nop”) are perceived moie readily than othei 
nonwords formulated so as to be less pro- 
nounceable but matched with the pronounce- 
able ones for identity of letteis used (eg, 
“onp”) (Gibson, Pick, Osser, and Hammond, 
1962) That is to say, it was found that Ss 
as young as first gradeis were able to make 
use of such constraints in recognizing the 
letter composition of nonwoids (Gibson, 
Osser, and Pick, 1963) In more recent work 
along this line Gibson, Shui cliff, and Yonas 
(1966) demonstiated that the presence of 
some sort of morphophonemic structure, over 
and above learned spelling-to-sound regular- 
ities, is responsible foi the lelative ease with 
which Ss perceive the pronounceable woids 

The impoit of this line of woik for leading 
instruction conceins the implication that chil- 
dren can take advantage of both the letter- 
eluster-to-sound relationships and the mheient 
structural regularities of English spelling in 
learning to read Thus the indication is that 
instruction designed to emphasize these fea- 
tures of printed language should facilitate the 
acquisition of reading skills 

To this matter as well, Gibson et al have 
devoted considerable effort At the outset, 
they reasoned as follows Since skilled readeis 
aie able to take advantage of the stiucture 
inherent m English spelling, it ought to be 
possible to discovei the means by which this 
capability is acquired The importance of the 
capability is clear once the structuies have 
been discovered, their tiansfer value is po- 
tentially very high, thus permitting the new 
reader to master pieviously unseen printed 
words without specific instruction Experi- 
mental results strongly indicate the existence 
of such lules and yet even skilled readers are 
unable to state them Thus it was decided to 
explore the effects of a learning-set paradigm 
for instruction, a paradigm that should per- 
mit induction and use of legulanties without 
requiring a verbal statement of the legular- 
ities 

Gibson, Farber, and Shepela (1967) have 
reported the results of a pilot study using this 
approach The study was conducted with 
kindergarten and first-grade children, the in- 
terest being to determine whethei or not such 
children could be led to make the necessary 
abstractions from sequences of patterned 
words and pseudowords A discrimination 
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problem method was used initially but proved 
too difficult for the Ss, confirming the exper- 
ience of Silberman (1964) with a similar ap- 
proach Finally, resort was made to a sorting 
task procedure for inducing the children to 
discriminate whether words fit a given pattern 
(eg, lack, muck, deck, sock) or not (eg, 
lake, much, derk, soak) Each item was typed 
on a separate card and the cards were pre- 
sented individually to the S When a card 
was presented, the S’s task was to place it in 
one or the other of two categories, positive or 
negative A correction procedure was used 
and the child was permitted to view the last 
cards placed in both the positive and negative 
categories while making his next choice This 
method proved superior to a simple dis- 
crimination method and at least a few children 
demonstrated acquisition of the intended 
learning set Obviously, this research is not 
sufficiently far along to permit strong infer- 
ences about the nature and development of 
curricular materials for facilitating the acqui- 
sition of reading capabilities But the ap- 
proach seems to promise some such implica- 
tions in the finite future 

A related enterprise, also directed at 
problems attendant to promoting successful 
acquisition of reading skills, is that under the 
direction of Levin (1965) Marchbanks and 
Levin (1965), for example, found that chil- 
dren discriminate among similar words on 
the basis of initial letter differences whenever 
possible and ignore other features of the 
words The same effect has been confirmed 
by Samuels and Jeffrey (1966) This, of 
course, implies that in any discrimination 
learning procedure, great care must be taken 
both to construct alternative sets in ways 
that induce the child to attend to the word 
features to be learned and to evaluate what 
the child has learned at the end of training 
In another study related to the problem of 
word identification, Levin and Watson (see 
Williams, 1965) found that in children, train- 
ing m variant grapheme-to-phoneme corre- 
spondences (one grapheme to two phoneme 
responses) facilitated acquisition of similar 
transfer materials more than training in invar- 
iant grapheme-to-phoneme (i e , letter-to- 
sound) correspondences (one grapheme to 
one phoneme) Incorporating these two find- 
ings, Levm et al are exploring the effects of 
various conditions of discrimination learning 


on the acquisition of spelling-to-sound corre- 
spondence rules 

In a somewhat different vein, Levin and 
Turner (1966) have investigated the role of 
larger-unit language structures on reading 
performance using as a measure the eye-voice 
span The results indicated that the more ad- 
vanced the reader (whether indexed by his 
grade level or his reading speed), the greater 
the tendency to read to the end of major 
phrase units after illumination is withdrawn 
A related study (Weber, 1967) examined 
oral reading errors made by first-grade chil- 
dren m a classroom setting Errors were cross- 
tabulated according to the reading-achieve- 
ment level of the students and their effect on 
the grammaticahty of the sentence being read 
The results revealed a substantially greater 
sensitivity to grammatical constraints among 
the good than among the poorer readers That 
is to say, of the errors made by the good 
readers, a large proportion maintained the 
grammatical integrity of the sentence, and of 
those that violated grammaticahty, a large 
share were subsequently corrected 

To summarize the results of this sampling 
of Project Literacy studies, the indication 
clearly seems to be that skillful reading de- 
pends upon knowledge of both lower- and 
higher-order structures inhering m reading 
materials The question of whether or not 
knowledge of these structures is facilitated 
more by emphasizing readmg-to-speech corre- 
spondences than by emphasizing the inherent 
structure of printed matenals (including both 
morphological and syntactic rules) is still 
open The data seem to suggest the validity 
of the position explicated by Bever and Bower 
(1966) that it is preferable to encourage the 
acquisition of visual reading skills over audi- 
tory reading skills 

Finally, with regard to the matter of the 
direct implications of these results and hy- 
potheses for the construction of curricular 
sequences for reading, it is appropriate once 
again to reiterate the contrast between educa- 
tional relevance and contribution to edu- 
cational change Without question the work 
emanating from Project Literacy has sub- 
stantial relevance for schooling m reading 
skills Moreover, much of this work has con- 
tributed to knowledge m parent disciplines 
as well, whether psycholinguistics, the psy- 
chology of learning, or, more generally, the 
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psychology of cognitive development As yet, 
however, these lines of research have not 
progressed far enough to permit firm recom- 
mendations for piogrammatic changes m edu- 
cational practice This step remains to be 
taken and will probably not be taken, nor 
should it be, until additional basic research 
is completed Nevertheless, the direct attack 
being made by the psychologists involved in 
Project Literacy upon the problems of optimal 
instructional conditions as well as upon the 
basic natuie of psychological processes in- 
volved m reading acquisition promises to 
yield information that can indeed be used m 
effecting propitious changes in educational 
piactice 

This same mode of attack has, of course, 
been used by other psychologists of cognitive 
development whose interests lead them into 
research relevant to leading Elkmd (Elkind, 
1965, 1967a, Elkind, Horn, and Schneider, 
1965, Elkmd, Larsen, and Van Doormnck, 
1965), for example, has reported a number 
of studies examining the relationship between 
developmental status (defined m Piagetian 
terms) and reading proficiency Perceptual 
decentiation (e g , the ability to leverse figure 
and ground m perceptual objects) has been 
shown to relate to reading achievement m 
children drawn from gi ade levels two through 
six (Elkind, Hoin, and Schneider, 1965, El- 
kind, Larsen, and Van Doormnck, 1965) 
Such results are interpreted within a strongly 
maturational framework that draws heavily 
upon notions introduced by Piaget It is 
argued that the acquisition of the capability 
of letter identification is a matter of per- 
ceptual decentration rather than a matter of 
the discrimination of distinctive featuies Per- 
ceptual decentration is held to come about 
when the child engages in an underlying 
process of logical multiplication of, say, the 
class of all letters with the class of all sounds, 
yielding all of the possible combinations of 
letter-to-sound relationships in English spell- 
ing, This product forms the basis of the 
necessary abilities for reading acquisition It 
is this underlying capability — logical multi- 
plication of properties of perceptual objects- — 
that is responsible for the observed relation- 
ships between performance on figure-ground 
tasks and reading achievement, Finally, since 
it is presumed that initial reading depends 
upon the attainment of such undeilymg pro- 


cesses, and since it is also> assumed that these 
attainments are more heavily determined by 
maturation than by learning (Elkind, 1967a), 
the capability of acquiring reading skills is 
itself held to be determined m large measure 
by maturational factors 

A position such as that promulgated by 
Elkmd is in no sense incompatible with the 
evidence available Indeed it is consistent 
with evidence m some striking ways The 
puzzling propei ty of this kind of position is 
that it touches down at so few points Given 
the wide expanse of the theory and its com- 
plexity m terms of numbers of propositions, it 
might be expected to be vulnerable to data 
more frequently than it seems to be Con- 
sidei, for example, the matter of categorizing 
figure-ground discriminations as perceptual 
decentration and the attendant assertion that 
this same piocess is involved in the acquisition 
of letter discrimination Empirical demon- 
strations of both these assertions would make 
the case considerably more convincing The 
problem that arises when more empiricism is 
demanded of the approach is that its matura- 
tional component virtually piecludes the pos- 
sibility of obtaining compelling experimental 
evidence of the usual sort That is to say, 
suppose it were decided to test directly the 
hypothesis that mci eased skill m perceptual 
decentration produces increased skill m read- 
ing The direct test would be to increase 
experimentally decentration capabilities and 
to observe the effect on, let us say, letter 
identification But if change in decentration 
skill, that is, the development of logical multi- 
plication, comes about largely as a result of 
maturation, the essential experimental manip- 
ulation would be ineffective, it would not be 
possible to increase decentration experimen- 
tally Thus an adequate test of the hypothesis 
could not be made 

Obviously, the difficulties involved m eval- 
uating theories having a maturational em- 
phasis is no reason for rejecting them In 
fact, as discussed earlier, learning emphases 
are subject to a complementary indetermin- 
ism precisely with respect to the matura- 
tional issue In the present case the issue 
revolves around the question of whether the 
development of perceptual decentration in 
children can be accelerated through instruc- 
tional procedures of some kind The learning 
theorist would take the position that such a 
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goal could be accomplished, but he is free 
to conclude that failure to do so is attnbutable 
not so much to maturational factors as to 
insufficient conditions of instruction On the 
other hand, success m accomplishing this soit 
of acceleiation would provide evidence in- 
consistent with the maturational emphasis 
(see Elkmd, 1965, Gibson, 1965b) With 
regard to education, this sort of dispute can 
have two fiuitful implications The first is 
that considerable effort ought to be expended 
m attempts to facilitate the development of 
perceptual skills that are presumed necessaiy 
for reading competence The second implica- 
tion is that methods should be found for pre- 
senting reading matenals that cncumvent the 
child's matuiational deficiency 

Recent woik suggests that the initial teach- 
ing alphabet (ITA) may provide an instance 
of this last implication, that is, of accom- 
modating to the child's developmental level by 
specially designed cunicula Thus before leav- 
ing the topic of leading, it is important to 
consider bnefly the relationship between some 
of the findings and hypotheses emanating 
from psychological leseaich on basic reading 
processes and developments in the field of 
reading instruction per se Specifically, it is 
well to be aware of the results of studies com- 
paring the lelative efficacy of legulanzed and 
tiaditional orthogiaphies for facilitating the 
acquisition of reading skills A leview of this 
issue involving comparative studies of tra- 
ditional orthography (TO) and ITA has re- 
cently been published by Downing (1967) 
The ITA was designed to piomote the 
acquisition of beginning reading skills m chil- 
dren who do not have the capability of con- 
structing sets of complete letter-to-sound 
conespondences By and large, the chaiacters 
used were chosen to provide a unique corre- 
spondence for each of the component sounds 
m English speech, and the corrollary spelling 
system was designed to take advantage of this 
pioperty Elkmd's (1965) position leads to 
the conclusion that children should be able 
to read moie easily m ITA than m TO be- 
cause the capability of logical multiplication 
or perceptual decentiation is not requned 
Since there is a different character foi each 
speech sound, it is not necessaiy for the child 
to learn variable relationships between graph- 
emes and phonemes The evidence appeals 


to be consistent with this position m rela- 
tively well-conti oiled studies comparing the 
effects of TO and ITA (see Downing, 1967), 
the acquisition of literacy skills does appear 
to proceed moie rapidly when legulanzed 
spelling is used Does this outcome present a 
problem foi the sort of theoiy outlined by 
E J Gibson (1965a) P The answer depends 
upon the lesults of a distinctive featuie anal- 
ysis of the ITA chaiacters lather than, as 
suggested by Elkmd, Larsen, and Van Door- 
ninck (1965), simply upon the fact that moie 
chaiacters must be discnmmated in ITA than 
in TO It might turn out to be the case that 
a distinctive featuie analysis of ITA chaiacters 
would show them to be less confusable and 
theiefoie more easily discriminated than TO 
chaiacteis 

Relative to the research of Levin and his 
associates, the compansons of ITA and TO 
raise another question Beside evaluating the 
lelative ease of leading acquisition m groups 
instructed by ITA and TO within whichever 
orthographic system instruction was con- 
ducted, an assessment was made as well of 
the lelative reading achievement of both 
groups with TO materials exclusively That is 
to say, data are available legardmg the per- 
formance of ITA-tiained children on TO ma- 
tenals at vanable intervals after the transition 
m instruction had been made Recall that 
Levin and Watson (see Levin, 1965) found 
peiformance on valiant paired-associate (PA) 
transfer tasks to be better aftei variant PA 
training than after mvanant PA tiainmg In 
contrast, the results of reseaich by Downing 
and others on the effects of ITA and TO 
training m initial reading on subsequent read- 
ing achievement m TO shows ITA training, 
that is, relatively invariant tiainmg, to be 
superior This result holds despite an initial 
setback m reading achievement among the 
membeis of the ITA groups immediately after 
the tiansition to TO materials 

This discrepancy in reseaich outcomes is 
not a simple one to interpret, the conditions of 
the two experiments differ m complex ways 
However, it is worthwhile to note the pos- 
sibility that even the best planned and con- 
ducted programs m basic research may not 
pioduce lesults that can be directly geneial- 
lzed to mstiuction without furthei empirical 
evaluation 
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EARLY PREREQUISITE 
COMPETENCIES 

Whether one chooses to follow out the 
implications of theories of cognitive develop- 
ment having a maturationai emphasis or of 
those having a learning emphasis, he is led 
very quickly to a consideration of the requi- 
site capabilities for subsequent development 
or learning at the earliest of the major educa- 
tional junctures Both kinds of theories direct 
attention to the critical importance for educa- 
tional development of the child's initial status 
when he enters school, for the instructional 
expenences the schools provide presuppose 
considerable prior learning Thus it is neces- 
sary to specify the capabilities prerequisite 
for additional progress m the kinds of cog- 
nitive development demanded in schooling 
Consistent with the intensity of present con- 
cern among those working m the field of 
cognitive development, considerable emphasis 
will be given to capabilities deemed necessary 
for a successful transition across the boundaiy 
separating formal schooling from prior exper- 
nence The focus will be upon the capabilities 
presumed to result from home, preschool, and 
kindergarten experiences. 

The discussion of capabilities pertinent to 
the transition to formal schooling will be 
organized m terms of six general areas of 
competences attentional, behavioral control, 
perceptual, linguistic, learning, and concep- 
tual Our concern will be to draw upon the 
work of psychologists m an effort to specify 
the competence necessary within each of 
these domains for a child at this level of 
development Although our primary focus will 
be upon children m the chronological age 
range of 4 to 6 years, we shall find it neces- 
sary occasionally to extend our discussion be- 
yond this interval In the case of each of the 
vaneties of competence distinguished, we 
will proceed by first descubmg it, then inquir- 
ing about individual differences, and last by 
considering research relevant to augmenting 
the competency m children 

Attention 

Since instruction is the principal aim of 
education and since instruction is concerned 
mainly with arranging environmental condi- 
tions conducive to cognitive development, the 


capacity of the individual to attend to relevant 
environmental events is critical for success 
It will be recalled that considerable notice is 
given to matters of arousing and maintaining 
attention m both types of theones reviewed 
here Each considers attention to be absolutely 
crucial for school success Hence there is little 
argument about its importance 

The meaning of attention is a different 
matter What is attention? What are its man- 
ifestations? What are its determinants? How 
does it relate to learning and educational 
development? Clear and complete answers to 
these questions cannot yet be given Indeed, 
despite its obvious importance m cognitive 
functioning, the topic of attention as such has 
been dealt with by psychologists mainly m 
indirect ways Frontal assaults on the prob- 
lem are rare even within psychology, and 
psychological research on attention that fo- 
cuses on educational relevance is even haider 
to come by Some leasons for the paucity of 
research devoted to attention may be found in 
peculiarities of the history of theory construc- 
tion in psychology (see Maltzman, 1967) 
Other reasons have to do with the incorpora- 
tion of attentional factors m work on other 
psychological topics such as motivation, per- 
ception, and discrimination learning Thus at 
the very outset, it must be said that the entire 
problem of attention and educational develop- 
ment is badly in need of both theoietical and 
research effort 

The importance of attention for education 
is plain enough, whethei one means attentive- 
ness or arousal In the complete absence of 
attention it is unlikely that any learning would 
occur In the presence of reduced attention, 
learning that does occur is likely to be inci- 
dental and consequently quite inefficient A 
visit to schools where student achievement is 
characteristically low will frequently reveal 
a number of classrooms m which a major 
portion of the teacher's time is consumed 
with the effort to simply gam the attention 
of the students Noise levels m such rooms 
are often high, diverse activities are engaged 
m by the students, and a common focus on 
the material being presented for learning is 
scarcely ever observed 

What is attention? Let us begin by thinking 
of it m terms of the probability that available 
stimulation will be registered by the mdi- 
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vidual Thus attention is to be thought of in 
terms of a response of the oigamsm, which 
may be indexed physiologically in various 
ways (see Maltzman, 1967) Attention is 
related to notions of motivation and drive but 
is not necessarily coincident with them For 
example, exceptionally high drive has the 
consequence of interfering with performance 
on difficult tasks, whereas heightened atten- 
tion appears to improve performance on such 
tasks (Bellom, 1964) Nevertheless, at this 
point m the development of a psychology of 
attention, it is well to consider a number of 
i elated notions — conflict, arousal, curiosity, 
orienting reflexes, and observing responses — 
as they pertain to education 

Perhaps more than any other single psy- 
chologist, Berlyne has systematically examined 
and investigated the importance of arousal 
for the occurrence of cognitive activities 
(1960, 1965) As he points out, the sort of 
arousal that most often eventuates m epistemic 
behavior (knowledge acquisition) is evoked 
by conceptual conflict, that is, by a discrep- 
ancy between expectation and reality m the 
form of antagonistic or contradictory beliefs 
An example of conceptual conflict is provided 
by the antagonism between the long-held 
belief that the so-called inert gases are m fact 
inert and the contradictory observation that 
under certain conditions they are reactive 
The notion is closely related to that of equi- 
libnum-disequilibnum m Piaget (see Flavell, 
1963) and to that of conflict between repre- 
sentational modes in Brunei's theory of in- 
strumental conceptualism Thus conflict be- 
tween what the child expects to see, hear, or 
happen — whether it takes the form of stimulus 
complexity, novelty (Berlyne, 1958), an en- 
counter with an unanswered question (Ber- 
lyne, 1954), or an unexpected physical event 
(Suchman, 1960) — can provoke attending 
behavior 

At bottom, the attention-producing effects 
of conflict may paitake of the basic processes 
referred to under the rubric of the orienting 
reflex (OR) Much of the work on the OR 
has been carried out in Russia and has been 
summarized elsewhere (Razran, 1961, Maltz- 
man, 1967) We shall simply note here that 
the necessary precondition for the OR is 
stimulus change, that it is respondent m na- 
ture, and that heightened ORs can produce 
better performance on learning tasks Closely 


related to the OR is the observing response, 
an instrumental response, such as a voluntary 
movement of the eyes, which facilitates stim- 
ulus reception Shortly we shall consider ORs 
again, along with observing responses m con- 
nection with the problem of augmenting 
attention 

Individual Differences The comparatively 
retarded state of theory and research on atten- 
tion has predictably yielded very little in the 
way of results and conclusions regarding re- 
lated individual diffeiences Maltzman (1967) 
has reported evidence to the effect that in- 
dividual differences in OR are related to 
conditionabihty, “awareness” of contigencies 
between CS words and semantically related 
generalization test words, and paned-associate 
learmng efficiency on both easy and difficult 
lists of PAs There are no data, however, 
concerning the relationship between strength 
of ORs and vanables such as age, IQ, race, 
or socioeconomic status Similarly, little is 
apparently known about the extent and sta- 
bility of individual diffeiences m obseivmg 
responses or about the relationship between 
these and individual differences m other vari- 
ables Even though there is little doubt that 
individual differences do exist m the effects 
of novelty and complexity upon attention, 
systematic work on these is only barely under- 
way (see Spitz and Hoats, 1961) 

Before leaving the topic of individual dif- 
ferences in attention, it is appropriate to men- 
tion the attention theory of Zeaman and 
House (1967, also see House and Zeaman, 
1963) In brief, their position is that the 
observed relationship between individual dif- 
ferences m IQ and m discrimination learning 
performance is largely ascribable to an atten- 
tional factor rather than to differences m rate 
of learning per se The case made is a per- 
suasive one and finds support m the work 
of White and Plum (1964), but it provides 
relatively little educationally useful informa- 
tion about the factors controlling attention, 
being directed rather at an explanation of 
variations m learning proficiency 

Augmenting Attention. The question of how 
attention may be elicited in children and 
maintained or controlled thereafter is also 
largely unanswered There are, however, some 
data available and some relevant speculations 
as well, 

With lespect to ORs, the basic condition 
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for elicitation is stimulus change It is known 
that ORs habituate leadily, implying that if 
stimulation is to be attended to it must be 
varied frequently This bit of lore does not 
advance us very far with respect to the edu- 
cational pioblem of conti ollmg childrens 
attention, however, for we know little about 
how to change characteristic individual dif- 
ferences m ORs or, m fact, about how to 
measure them m any useful way outside the 
laboratory 

With regaid to observing responses and 
other still highei -level behavioral expressions 
of attention, the situation is somewhat bettei 
It is common to attack the problem of specify- 
ing factois that deteimme the maintenance 
of attention by distinguishing between extiin- 
sic and intrinsic reinforcement Without be- 
coming involved m the definitional tangle 
that sometimes ensues upon the mention of 
this distinction, let us specify that by ex- 
trinsic remfoi cement we shall refer to prop- 
erties or events that are not mheient m the 
materials to be learned or attended to, and 
that by intrinsic reinforcement we mean prop- 
erties of the materials or stimuli themselves 
that have the effect of increasing the piob- 
ability of the behavior m question 

Apparently both kinds of reinforcement can 
be effective in conti ollmg attention Fisch 
and McNamara (1963), for example, have 
shown that it is possible to control the atten- 
tion of college students m a perceptual task 
through the delivery of simple verbal ap- 
proval With regard to intrinsic properties of 
stimulation, the work of Berlyne (1958), 
Fantz (1961), and Heishenson (1967) shows 
that properties of visual stimulus materials 
(although there is still dispute about ]ust 
what the pioperties are) control the direction 
and extent of attention m infants Comparable 
research is not available for children of early 
school age m any substantial quantity One 
study reported by Cantor, Cantor, and Di- 
trichs (1963) indicates that complexity of 
stimuli controls attention m preschool-age 
children Other studies (see Cantor, 1963) 
suggest that novelty or unfamiliarity as well 
as complexity exert conti ol over childi en’s 
attention 

In a different approach to the problem of 
attention, Hagen (1967) has investigated 
developmentally the effects of vigilance de- 
tractors on both central and incidental perfor- 


mance on a memory task Drawmg upon an 
information-processing model of attention and 
memoiy (Maccoby and Hagen, 1965), Hagen 
hypothesized that older children to a greater 
degree than younger children would be able 
to attend to relevant stimulus features m the 
presence of distraction The results, however, 
showed a clear age effect across grades 1, 3, 
5, and 7 but, at all ages, attention was poorer 
with distraction conditions 

Clearly, with regard to education, at least 
three kinds of developmental information are 
urgently needed about attentional processes 
The first need is for research that isolates the 
sources and provides a means foi measunng 
individual differences in attention, that is, m 
intensity of ORs, latency of observing re- 
sponses, duration of attention, and resistance 
to disti action The second soit of data con- 
cerns the problem of specifying stimulus 
piopeities that gain and control attention, 
especially acioss the preschool and primary 
school age ranges Third, it is important to 
constiuct and evaluate methods for training 
attentiveness, whether they involve extrinsic 
or mtnnsic means of reinforcement Without 
substantial additional work on these problems, 
the psychology of cognitive development has 
only minimal contributions to make to educa- 
tion with regard to the truly significant task 
of gaming and controlling attention 

Behavioral Tempo 

In addition to attention competence, a child 
needs to be capable of modulating his be- 
havior, his overt responses, if he is to maxi- 
mize his learning The three diffeient but 
related kinds of behavioral control important 
to successful schooling may be distinguished 
bunging overt responses undei the control of 
verbal instructions emanating from another 
person, the capability of controlling behav- 
ioral responses by giving verbal instructions 
to oneself, and the delay of overt responding 
to provide time for internal scanning and 
processing of information 

Recent research by psychologists of cog- 
nitive development is relevant to each of 
these areas of behavioral control Each has 
been shown to change as a function of age 
during the early childhood years Consider 
first the matter of bringing motor response 
under external verbal control A senes of ex- 
periments leported by Luna (1961) indicates 
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that this capability of subjugating motor re- 
sponses to the control of outside verbal in- 
structions develops rather slowly m the child 
between the ages of 1J4 and 6 years About 
the best kind of external control that was 
observed in children up to the age of 4J4 to 
5 years consisted of verbal utterances being 
effective only as signals, not as directions 
Thus the utterance ‘Tress!” (a rubber bulb) 
is effective m instigating a response in the 
younger child, but “Don’t press!” is not effec- 
tive m terminating responding In conti ast, 
children m the older age range are capable 
of abiding by the semantic instructions con- 
tained m verbal utterances They can, for ex- 
ample, on the basis of prior instructions, 
withhold responses until the onset of some 
exteroceptive signal and cease responding in 
accord with such instructions as well 

Similaily, with legard to the capability of 
regulating overt responses by the child’s own 
speech, verbal control in terms of its semantic 
content emerges later than in terms of its 
initiatory signal propeities Up to age 
the child’s self-mstiuction “Press!” is effective 
m instigating a lesponse, but “Don’t press!” 
is not effective m terminating responding It 
is only later that the semantic content of the 
child’s own speech comes to control and direct 
behavior In connection with a veiy different 
task, discrimination learning, a similar change 
has been reported in the efficacy of self- 
originating verbalizations for controlling overt 
responses (Kendler and Kendler, 1962) The 
Kendlers report their observation that 4-year- 
olds frequently uttei the verbal label of the 
correct choice m a discrimination task while 
simultaneously making the incorrect choice as 
indexed by their motor responses, whereas by 
age 7 years the two modes of response are 
consistent 

Finally, a series of studies under the direc- 
tion of Kagan (1965) demonstrates a distinct, 
generalized, developmental trend m the direc- 
tion of an increased tendency to delay re- 
sponding m a variety of tasks This tendency 
has been shown to be sufficiently general to 
be identified as a trait dimension, nnpulsivity- 
reflectivity, contrasting a propensity for offer- 
ing responses at the first opportunity with a 
propensity foi withholding responses long 
enough to permit an adequate evaluation of 
their validity 

Typically, a child’s tendency toward an 


impulsive or a reflective style is measured m 
terms of his performance on one or another 
of seveial tasks that have in common the 
propei ty that answers to each of their items 
must be made m the face of considerable de- 
grees of uncertainty The major index of 
impulsivity-ieflectivity is response latency 
Each of the tests used has been demonstrated 
to have a moderate degree of reliability across 
time, or the trait has been shown to have a 
moderate degree of stability over time (rs = 
60, Kagan, 1965) Furthermore, the degree 
of relationship across tasks has been satisfac- 
torily high Developmentally, response la- 
tencies on such tasks have been shown to 
increase with age, at least as evaluated by 
cross-sectional research, from first through 
eighth-giade levels 

Finally, the dimension of unpulsivity- 
reflectivity has been shown to relate to mea- 
sures of performance adequacy on the index 
tasks and on other tasks That is to say, the 
tests used to measure response latency also 
yield enor measures The geneial result is 
that latency and errois correlate negatively 
so that reflectivity seems to be associated with 
a tendency for the first response to be a cor- 
rect one It has also been shown that latency 
on the defining tests correlates negatively m 
serial learning tasks with the frequency of 
extralist intrusions, that is, of overt erroneous 
lesponses not contained m the serial list 
Furthermore, enors in word recognition 
among first-graders have been shown to cor- 
relate with impulsivity so that relatively reflec- 
tive children, especially among those having 
high veibal ability as measured by WISC 
performance, make fewer reading errois than 
impulsive children 

The work of Luria and that of Kagan and 
his associates aie of impressive relevance to 
educational practice, especially as regards 
the early years of formal schooling Luna’s 
work shows that a child’s ability to be con- 
ti oiled by the verbal utterances of the teacher 
and to control his own behavior through self- 
mstruction and verbal monitoring cannot be 
assumed to be intact when he enters the 
schoolroom for the fiist time In terms of 
present school piactice, these abilities are of 
considerable consequence Tasks are set for 
children almost entirely m terms of teachers* 
verbal instructions Task persistence, due to 
the relatively large number of children m 
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classrooms, is less a function of the teacher's 
continuing veibalizations to individual chil- 
dien than of the child's own ability to extend 
his effoits ovei time in response to his own 
verbal mstiuctions whether they are covert 
or overt 

The results of both lines of investigation, 
the development of the regulatory function of 
speech and the development of conceptual 
tempo, indicate the necessity foi modifying 
the classification categories used by schoolmen 
to identify children In many cases a child's 
failure in the eaily school years may be at- 
tnbutable to slower than aveiage develop- 
ment of the abilities to conti ol behavior 
through veibahzation and to withhold le- 
sponses long enough to assess their validity 
At the eaily stages of schooling, childien who 
aie impulsive and who cannot seem to follow 
instructions or peisist on tasks without con- 
stant supervision may be classified too readily 
as less bright and less promising than otheis 
Furthermore, they may be subjected to pun- 
ishment for their behaviors, resulting m 
apathy, anxiety, or hostility to schooling and 
to intellectual activities, rathei than being 
provided with training in these subskills that 
appear to be necessary foi school success 

Despite the fact that a strong case can 
be made for the urgency of incorporating the 
information yielded by the theorizing and the 
research of Kagan and of Luna into early 
childhood schooling procedures, a clear rec- 
ommendation to this effect cannot be made 
Research information is not yet sufficient, nor 
are the means for accomplishing incorpora- 
tion yet available m a form appropriate for 
school use In the case of impulsivity- 
reflectivity, foi example, it is not clear to 
what extent school-related cognitive abilities 
are determined by tendencies toward one or 
another of these response dispositions, nor 
aie the instruments necessary for locating in- 
dividual children along the dimension fully 
enough developed to permit their use as 
diagnostic tools. By way of examining these 
qualifications more closely, let us turn to a 
consideration of the topic of individual differ- 
ences m connection with behavioral tempo 
and conti ol 

Individual Differences The exploration of 
individual differences m the role of speech 
as a behavior regulator has barely begun, The 
investigations reported by Luria indicate 


clearly that the efficacy of speech regulation 
varies substantially as a function of age, and 
this information is useful for alerting the 
schoolman to the fact that this capability can- 
not be assumed in all children of all ages 
But the information is minimal since for 
the purposes of educational piactice, it is 
essential to know how differences in speech 
regulation relate to other differences among 
individuals within the same chronological age 
range For example, it seems likely that ethnic 
group membership or socioeconomic status 
might bear substantial relationships to dif- 
ferences in the ability to bring motor behav- 
ior undei verbal control Also, we know 
virtually nothing about the relationship be- 
tween early childhood differences m the capac- 
ity for verbal control and broader intellectual 
capacities such as intelligence test perfor- 
mance dui mg the same period and at later 
ages 

Beyond the problems presented by the ab- 
sence of basic information about such indi- 
vidual differences, another major obstacle to 
educational use of the notion of verbal con- 
ti ol is the lack of a leliable method for classi- 
fying children with regard to this capability 
The need here is foi a measuring instrument 
that is feasible for m-school use As we saw 
to be the case with the oiientmg reflex, the 
opeiations for measuring the extent of devel- 
opment of speech as a mechanism of behavior 
regulation are appropriate for laboiatory use 
only It is inconceivable that childi en could be 
routinely tested using these methods Thus a 
massive job of test constiuction remains to be 
done 

The situation with respect to the dimension 
of lmpulsivity-ieflectivity is somewhat better 
The path is shoiter from presently available 
measuring instruments to instruments appro- 
priate for school use than is the case for 
geneial verbal control Kagan and his asso- 
ciates have already demonstrated the exis- 
tence of reliable individual differences in the 
disposition for impulsive responding, al- 
though a variety of relationships between 
impulsivity and othei subject characteristics 
remain to be explored We already know 
that impulsivity decreases with age, the cor- 
relation between impulsivity and verbal abil- 
ity is relatively low, there are relatively 
unsystematic sex differences in impulsivity, 
and the degree of relationship between im- 
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pulsivity and reading proficiency in young 
children is negative and moderately high 
(Kagan, 1965) What we do not know is the 
nature of relationships between lmpulsivity- 
reflectivity and ethnic and socioeconomic 
differences 

Thus the principal needs are two one for 
a single measuring instrument to detect in- 
dividual differences in impulsivity, which can 
be used in school settings, and one for addi- 
tional information about relationships between 
impulsivity-reflectivity and other subject 
variables 

Indeed, in general, the means presently 
available to schoolmen for diagnosing children 
relative to difficulties m educational develop- 
ment aie painfully meagei Psychological 
lesearch makes it clear that performance on 
intellectual tasks such as reading is a func- 
tion of more factors than the IQ and the ex- 
tent of brain damage (see Kagan, 1965) along 
with vaguely defined motivational differences 
Schoolmen agree that this is the case, but the 
techniques available to them for classifying 
children do not permit this belief to exert a 
systematic effect on practice Indeed one of 
the reasons for the strength of anti-testing 
sentiment, at least as it exists in some quar- 
ters, may well be that testing programs are 
not comprehensive enough rather than that 
they are too pervasive The curricular con- 
sequences of the nanow range of available 
diagnostic techniques are that effective pro- 
grams for dealing with individual differences 
cannot be developed 

Facilitating the Emergence of Verbal Con- 
trol and Reflectivity. The task of facilitating 
the acquisition or emergence of competencies 
believed to underhe successful school per- 
formance is of substantial significance for two 
purposes The first, and most obvious, is that 
the effort to facilitate development coincides 
precisely with the goal of education The 
purpose of instruction, after all, is to promote 
intellectual development beyond the levels 
possible in its absence Discovering means for 
facilitating the acquisition of basic compe- 
tencies, then, is central for the educational 
enterprise m its effort to maximize the posi- 
tive effects of schooling on individuals The 
second reason for dealing with the question of 
means for effecting facilitation is that when 
such efforts are successful, a methodology 
becomes available for ascertaining whether 


or not a competency hypothesized to be a 
determinant of school success does, in fact, 
contribute to observed variations m school 
learning For example, if an effective pro- 
gram were found to install prematurely m 
children the capability of verbal control of 
behavior, it could then be ascertained experi- 
mentally whether or not such control is related 
to success in early school tasks 

With regard to verbal control, Luna 
( 1961 ) has reported an instance of a limited 
but successful technique for advancing its 
emergence The procedure essentially consists 
of first instituting conditions of nonverbal 
control over the same behaviors later to be 
bi ought under verbal control, and only after- 
ward transferring control to conditions of 
verbahzation In children of veiy early ages, 
2 to 3 years old, it has been possible to bring 
bulb-squeezmg behavior under at least mini- 
mal verbal control by first training them to 
make overt motor responses m a sequence 
that is later signalled by the verbalizations 
Bruner (1966a) makes much of this tech- 
nique of sequencing enactive conditions of 
behavior prior to imposing symbolic or verbal 
conditions, pointing out that its success is 
consistence with the tenets of instrumental 
conceptualism Clearly, it is a method of facil- 
itation worth more extensive application and 
evaluation 

Kagan (Kagan, Pearson, and Welch, 1966) 
has undertaken to explore the possibilities of 
changing first-grade children’s conceptual 
tempi m the direction of greater reflectivity, 
that is, longer response latencies Apart from 
manipulations, which proved to have little 
effect, only emphasizing the similarity be- 
tween the subject and the trainer, the train- 
ing consisted of three sessions in each of 
which individual children were asked to 
work on three different tasks, a haptic-visual 
matching task, a design matching task, and a 
test of inductive reasoning With respect to 
all of the items on the three tasks, the train- 
ing simply involved instructing the child not 
to offer an answer until after a short (10 to 
15 second) delay interval had elapsed Both 
before and after training, the Matching Fa- 
miliar Figures (MFF) Test and the Picture 
Completion Reasoning Test (PCRT) were 
administered to the children Each test 
yielded two scores response latency and 
number of errors. The results showed that 
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the experimental tieatment effected changes 
in impulsive children such that their response 
latencies on MFF items were significantly 
longer than those of untrained impulsive 
children and no shorter than untrained reflec- 
tive children Comparable results for PCRT 
items were not significant 

This experiment demonstrates that it is 
possible to make short-term, specific modi- 
fications m impulsivity, that is, to facilitate 
the emergence of reflectivity With respect 
to the question of the status of reflectivity as 
a determinant of successful performance on 
intellectual tasks, however, the experiment is 
inconclusive That is to say, despite the 
changes in response latency produced by 
training, no significant changes were effected 
m error frequency This kind of null result 
cannot be construed as evidence that reflec- 
tivity does not determine quality of perfor- 
mance, but neither does it lend support to 
the assertion that it is such a determinant 
Obviously, then, improvements m the efficacy 
of training procedures must be made in an 
effort to affect not only response latencies on 
a single measure but on many related indices 
and to affect as well the quality of perfor- 
mance on relevant intellectual tasks For if 
reflectivity training can serve only to slow 
behavioral tempo and not to modify other 
performances, its educational relevance as a 
means for effecting change would be ques- 
tionable. 

Even given such an unhappy future conclu- 
sion, the utility of the reflectivity-impulsivity 
dimension for classifying children might stall 
be considerable The detection of basic di- 
mensions of cognitive style is of no small 
importance for education, even when such 
dispositional factois are relatively impervious 
to modification For the availability of the 
dimension as a means of classification makes 
it possible to design educational programs m 
such a way as to take account of this source 
of individual differences and to provide 
methods for reducing the probability that 
such differences will obstruct educational 
development 

Perception 

The capacity for perceptual achievements, 
along with those of attention and behavioral 
control, is a necessary precondition for suc- 
cessful school learning Of all the perceptual 


modalities, the visual and the auditory are 
perhaps the most important for schooling be- 
cause most instructional information is pre- 
sented m these modes Since White noted 
that “The literature on perception in child- 
hood is scant” (1965, p 201), the situation 
has improved somewhat and part of the im- 
provement has been in research relevant to 
education We have already discussed much 
of this m connection with the topic of read- 
ing In that discussion, however, we were 
concerned more with matters of perceptual 
learning and perceptual disci lmination than 
with phenomena that are purely perceptual 
m nature and so it must be here In terms of 
schooling processes, the major impoitance of 
perception has to do with the capacities for 
learning and discrimination of materials pre- 
sented m instructional communications 
Gibson (in press) has made an impressive 
case for the general implications of perceptual 
learning foi education, very much in the man- 
ner that we have reviewed them in connec- 
tion with the acquisition of reading skills 
With regard to the question of what is learned 
through perceptual processes, Gibson’s posi- 
tion is that there are two answers Early m 
the process of acquiring reading skills, the 
distinctive features of letters are differenti- 
ated Later m the process, the content of 
learning consists of acquiring the invariants 
of higher order structures such 1 as those 
yielded by the linguist’s analysis of morpho- 
phonemic and syntactic rules One of the 
implications of this kind of view is that the 
skills and abilities necessary for successful 
peiformance at one stage of reading compe- 
tence are not the same as at another 

This last implication is consistent with 
results reported by Elkind (1965) of a fac- 
tor analytic solution of correlational data 
relating reading performance to other vari- 
ables The results apparently showed that a 
different factoi structure emerges for novice 
than for skilled readers. Elkind’s approach to 
reading is also a perceptual one, informed, as 
we noted earlier, by Piagetian theory The 
kind of perceptual approach, however, is 
quite different than that espoused by Gib- 
son One crucial difference is that Elkind's 
theory of perceptual development rests on 
maturational assumptions about the growth 
of conceptual structures that are prerequisite 
to successful reading performance. In brief, 
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the necessary stiucture m question here is 
the internalization of motor schema and then 
transformation into operational structures 
permitting the manipulation of properties of 
stimuli as is necessary for the carrying out 
of logical multiplication Another variant on 
the schema approach to perception has been 
provided by Libei man (1957) in an articula- 
tion theory of speech peiception and discrim- 
ination Roughly, the theory holds that 
incoming speech signals are identified by 
matching to articulatory schema built up out 
of the sequences of movement used m speech 
production 

Whichever of these majoi points of view 
about perceptual development is adopted, 
they lead to a focus upon the conditions 
whereby the child becomes capable of identi- 
fying and distinguishing among perceptual 
objects And it is precisely this capacity that 
is so important m connection with school 
learning The child must be able to, or at 
least be capable of learning to, identify and 
distinguish among perceptual events 

A third major theory of how this capability 
is acquired can be characterized as a response 
theory The notion is that perceptual objects 
or stimuli come to be distinguishable by vir- 
tue of the fact that the individual makes 
differential responses to them Without en- 
tering the controversy over explanations of 
the “acquned distinctiveness of cues" (Smith 
and Goss, 1955, Spiker, 1956, Cantor, 1965) 
it is possible to point out that the learning of 
verbal lesponses to perceptual events does 
seem to facilitate their discrimination (eg, 
learning distinctive nonsense-syllable re- 
sponses to lights of different hue, Reese, 
1961) 

By way of exploring the implications for 
education of woik in the area of perceptual 
development let us turn first to a discussion 
of individual differences and then to the prob- 
lem of augmenting perceptual development 

Individual Differences Methods for identi- 
fying individual differences m peiceptual 
competence are available The error scores 
on the Matching Familiar Figuies (MFF) 
Test (Kagan, 1965) are an appiopnate exam- 
ple m the visual mode and, as we have seen, 
perceptual competence as so defined does 
increase with age Kagan (1965) has also 
reported data indicating a moderately low 
but statistically reliable relationship between 


WISC verbal skills and error scores in visual 
discrimination in MFF (median r = — 28) 
Covington ( 1967b), using the Peiceptual Dis- 
crimination Subtest of the Pumaiy Mental 
Abilities (PMA) Examination, found upper- 
class kindergarten children to be significantly 
supenor to lowei -class kmdergaiten childien 
Both of these measunng instruments, the 
MFF and the PMA, aie, of course, appio- 
pnate foi school use and could be adminis- 
tered with profit to identify childien who are 
in need of experiences designed to improve 
their capacity for disci lmmatmg among stim- 
ulus materials 

With regard to auditoiy disci inclination, 
much has been made recently of the possi- 
bility that lower-class children aie consider- 
ably disadvantaged m their opportunities foi 
acquiring this capacity (Hunt, 1961, Bloom, 
Davis, and Hess, 1965, Deutsch et al , 1967) 
The hypothesis is a simple one The noise 
level m low-SES homes is presumed to be 
exceedingly high, thus providing nonoptimal 
conditions foi peiceptual learning The ex- 
cessive noise level m such homes is supposed 
to mteifere most seveiely with the acquisition 
of capacities for discriminating speech events 
and for segmenting utterances These condi- 
tions are piesumed to conti lbute to a general 
language deficiency m low-SES children and 
to make more difficult the task of learning to 
read as well as that of learning to register 
accuiately verbal communications from 
teachers 

In view of the impoitance attached to 
auditory discrimination as a correlate of 
social class diffeiences m more general vari- 
eties of intellectual development, it is unfor- 
tunate that so few measunng instruments 
have been developed for investigating the 
hypothesis 

Perhaps the most used index of capacity for 
auditory disci lmination is the Wepman Audi- 
tory Discrimination Test The test is adminis- 
tered individually and consists of the oral 
presentation of 40 pans of woids The Ss 
task is to indicate for each pair whether they 
aie the same or diffeient Ten of the pans aie 
identities and the other 30 are diffeient, dif- 
fering m either initial or terminal phoneme 
The Wepman Test has been given consider- 
able use in a series of studies conducted by 
Deutsch and his associates (see Deutsch, 
1967a, Deutsch, Levinson, Brown, and Pei- 
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sach, 1967, Katz, 1967, Katz and Deutsch, 
1967) The geneial results of these investiga- 
tions may be summanzed as indicating that 
theie is a relationship between Wepman per- 
formance and age, Thorndike-Lorge IQ, and 
reading ability The con elation between 
Wepman peiformance and reading ability 
was obseived m lower-SES Ss and appealed 
stionger at earliei (second-grade) than later 
(sixth-grade) ages As nearly as can be deter- 
mined, however, the major component of the 
hypothesis relating school success to SES 
through the mediatoi of auditoiy disci imma- 
tion ability was not supported That is, the 
conelation between SES and Wepman per- 
formance was negligible m both a first- and a 
fifth-giade sample Although this evidence 
goes against the assumption that peiceptual 
capabilities in the auditoiy mode are deficient 
m low-SES children, the design may not have 
been adequate to leveal these Apparently, a 
more thoroughgoing study of the issue is now 
in piogress (C Deutsch, 1967b) Neverthe- 
less, other data aheady available suggest that 
the outcome is doubtful Stern and Rabbitt 
(1966) admmisteied the Wepman and a 
vaiiant of it, m which the items were non- 
sense words, to upper- and lowei -status chil- 
dren and obtained equivocal lesults no clear 
and systematic difference was found favoring 
the uppei -status groups Even when reliable 
SES differences in Wepman performance 
have been obtained (see, e g , Claik and 
Richards, 1966), the lesults must be intei - 
preted with caution, for the question lemams 
unanswered whether the mfenoi performance 
of low-SES childien is due to deficiencies m 
discrimination oi to the meaning such chil- 
dren attach to the response teims “same” and 
“diff erent ” In sum, although auditory dis- 
crimination ability does appeal to be related 
to leading task performance, theie is no per- 
suasive evidence that it mediates SES differ- 
ences m reading ability 

Educational needs demand both more le- 
search m the aiea of the development of 
perceptual abilities relevant to education and 
the construction of instruments for indexing 
these abilities reliably in children 

Augmenting Perceptual Development A va- 
riety of attempts to facilitate the development 
of perceptual abilities has been reported All 
of these have relevance for educational prac- 
tice but all are, at this point, still m the 


nature of pilot programs, whethei they be 
long- oi short-term ones 

We have already covered much of the 
available research on facilitating perceptual 
abilities as they relate to reading from the 
viewpoint of perceptual learning One othei 
demonstration guided by this theoretical ap- 
proach should be mentioned, namely, that 
of J J Gibson (Gibson, Kennedy, and To- 
leno, 1967) The idea was to explore the 
possibility of leading young children to over- 
come the bent-stick illusion, that is, the illu- 
sion that a straight stick bends at the air-watei 
interface By an ingenious use of materials 
and by implementing a key component of 
perceptual learning theory, some children 
were indeed induced to discover that the 
phenomenon of a bent stick, half m and half 
out of the water, indicates that the stick is in 
fact straight As the theory suggests, per- 
ceptual learning consists of an appreciation of 
mvanance over transformations and one way 
of inducing mvanance is to view perceptual 
events from multiple peispectives This is 
piecisely what Gibson’s Ss were led to do, 
and for at least some of them the proceduie 
was successful 

One of the appealing features of the entne 
approach of the perceptual learning theorists 
to pioblems of perceptual development con- 
sists of their emphasis upon expenence with 
the physical world, m contiast, let us say, 
to expenence with symbolic representations 
of that woild, as a majoi avenue of education 
The assumption seems to be that expenence 
with pnmary objects and events is the basic 
precondition foi the success of later learning 
about these objects and events There is in 
this view no argument against the notion that 
much of this kind of learning, if it is ever to 
have utility beyond itself, must eventually be 
represented symbolically, to peimit manipu- 
lation by abstract operations of thought But 
the implication is that fruitful learning be- 
gins with concrete experience The notion is 
not unique to Gibsoman theory It is found 
as well m the theorizing and m the research 
of Piaget (see Flavell, 1963, Bruner, 1966b; 
Gagn6, 1965a) Piaget and Brunei, m fact, 
might argue that learning, if it is to be suc- 
cessful, must begin with concrete expenence 

In a somewhat different vein, some of the 
research of Elkind (Elkmd, Larsen, and Van 
Doornmck, 1965) offers an example of the 
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possible benefits of training m advancing per- 
ceptual development These investigators, 
you will recall, were concerned with per- 
ceptual decentration m young children, spe- 
cifically with the ability of such childien to 
perceive figure-ground reversals m viewing 
ambiguous drawings Besides the results al- 
ready reviewed in connection with their rela- 
tionship to reading performance, the results 
of training in the perception of such reversals 
indicated that significant short-term gams 
could be brought about by a masking method 
The method involved essentially forcing the 
perception of the nonpreferred figures in a 
series of ambiguous drawings through the 
technique of masking the preferred figure by 
covering it with a template The success of 
the tiainmg, m fact, provides a real, though 
minor, contradiction to the notion that the at- 
tainment of perceptual decentration as here 
defined is entirely a mattei of matui ation 
Longer term efforts that have been de- 
signed with in a Piagetian framework (Gray, 
1966) should eventually provide additional 
evidence with regard to the maturational 
issue More important for educational prac- 
tice, they will produce evidence about the 
effects that can be induced m preschool age 
children through this approach 
Again with regard to competence an visual 
discrimination, the study of Covington 
(1967b) mentioned earlier demonstrates the 
facilitory effect of simple exposure to the ma- 
terials to be discriminated Between the 
pretest and posttest administrations of the 
PMA items, experimental groups of both 
upper- and lower-status kindergarten children 
were exposed daily to each of the stem figures 
from all the PMA items m the criterion test 
Only the stem from each item was exposed 
and only for a total of 5 seconds a day per 
item for 14 days The two control groups 
received similar treatment except that the 
content of the training items was not drawn 
from the PMA subtest Significant pretest to 
posttest gams were reported for both the low- 
and high-status groups but only m the low- 
status group was the gam due to treatment 
greater than that observed in the correspon- 
ding control group Furthermore, there was a 
significant interaction such that the low-status 
children gamed more from exposure to the 
test items than did the high-status children 
The implication of this study is that the task 


of augmenting the ability to make specific 
visual discriminations in lower-status children 
is m no sense an insurmountable one Indeed, 
the results suggest that children deficient m 
such a capability can be detected and suc- 
cessfully trained within a school situation 
The results of the Covington experiment war- 
rant considerable additional research to pro- 
vide answers to questions regarding the 
generalization of such training to other tasks 
as a function of SES and of age and regard- 
ing the effect of successful training m visual 
discrimination among low-SES groups on 
their performance m other tasks m which the 
same materials are used 

Clearly in the limited instances reviewed, 
sufficient success has been achieved m 
efforts to augment quite specific aspects of 
perceptual development to suggest that more 
systematic and more long-term intervention 
attempts might be worthwhile Some kinds of 
perceptual competence appear to yield more 
readily to facilitory intervention than others 
[cf the ease of producing change m the Cov- 
ington experiment with the difficulties re- 
ported by Gibson, Farber, and Shepela 
(1967) m inducing a discrimination set with 
respect to leadmglike materials] It is equally 
clear that research designed to explore fac- 
tonally the effects on the acquisition of vari- 
ous peiceptual skills produced by type of 
intervention, age of intervention, and indi- 
vidual differences m presenting status is 
required before clear recommendations can 
be made for educational practice Such 
research is of practical importance, to be sure, 
but it is of theoretical importance as well It 
could be designed to shed light on both the 
contributions of maturational components and 
experiential components to the development 
of competencies in specific skills 

Language 

Language competence is believed to figure 
importantly m school success for a variety of 
reasons Three functions may be distinguished 
that are performed by language in connection 
with education (see Deutsch, Levinson, 
Brown, and Peisach, 1967) The first is that 
linguistic competence at the phonological, 
syntactic, and semantic levels is necessary so 
that a child can register and comprehend the 
communications directed toward him m the 
process of schooling, whether they are oral or 
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written Second, a child's success in perfor- 
ming the intellectual tasks set for him by the 
school is more frequently judged by his writ- 
ten and oral linguistic productions than by 
any other means Finally, evidence continues 
to grow m support of the proposition that 
language affects extrahnguistic cognitive pro- 
cesses such as perceptual disci lmmation and 
behavior control, in critical ways (see Ervm- 
Tnpp and Slobm, 1966, Ervin and Miller, 
1963) even though it is not a necessary con- 
dition for general intellectual competence 
(Furth, 1964) As the latter function of lan- 
guage has been dealt with in connection with 
the topics of reading and of perception and 
will be considered again m relation to learn- 
ing and conceptual competencies, the present 
discussion will be confined to the first two 
functions 

Since the development of linguistic compe- 
tence with respect to both comprehension and 
production has been ably discussed both m this 
book (see chapter by McNeill) and elsewhere 
(see, e g , Ervin and Miller, 1963), brief com- 
ment will suffice heie In children whose cul- 
tural and social backgrounds aie consistent 
with those typically assumed in the present 
design of schooling, both phonological and 
syntactic development are reasonably far ad- 
vanced by the age of school entrance Thus 
the areas of language development having the 
greatest relevance for education are semantic 
development, individual differences in pho- 
nological, syntactic, and semantic develop- 
ment, and means for advancing language 
development jn those childien who, for what- 
ever reason, are retarded 

Individual Differences As m most areas of 
cognitive functioning, individual differences 
m rate of language development are per- 
vasive Apart from cases of exceptional ab- 
normality, however, the final levels of 
linguistic attainment, m the linguist's sense 
of underlying competence, are reasonably 
equivalent across individuals Rate of develop- 
ment does vary across individuals as revealed 
by the average length of utterances m small- 
scale, intensive studies (e*g, Brown and Bel- 
lugi, 1964), by larger-scale psychometric 
studies of the sort carried out with the Illi- 
nois Test of Psycho linguistic Abilities (ITPA) 
(McCarthy and Kirk, 1961, 1963), and by 
larger-scale studies of speech samples m 
which measures of type-token ratios and 


vocabulary size are obtained (Loban, 1965) 

A smgulai problem is presented by the 
decision of how to measure or index a child's 
status with respect to language development 
Language is a complex function and theie is 
little doubt that many of its facets are worth 
assessing across individuals receptive and 
productive phonological competence, recep- 
tive and productive syntactic competence, 
and receptive and productive semantic com- 
petence The ITPA represents an attempt to 
provide an instrument capable of making 
comprehensive assessments of language devel- 
opment and of permitting selective diagnosis 
of language deficiencies Its strength lies m 
the simple fact that it has been developed, 
standardized, and used Nothing else has 
even this much to offer There are, however, 
two limitations inherent m the ITPA 

The first limitation concerns the theory 
that guided and informed the construction of 
the test, which was promulgated by Osgood 
(1963) Saying this is not at all to fault the 
test or the theory but to point out that of the 
two major theoretical positions currently avail- 
able regarding the skills or competencies that 
are central to language development, the test 
represents adequately only Osgood's Even to 
one only mildly acquainted with modern lin- 
guistic theory, an inspection of the nine sub- 
tests on the ITPA evokes surpuse at the pau- 
city of attention given to strictly linguistic 
matters Specifically, what the instrument 
assesses may be described as verbal vocabu- 
lary, pictorial vocabulary, verbal analogies, 
pictorial similaiity, object description, knowl- 
edge of the function of objects, knowledge of 
inflections, digit-span, and memory for the 
arrangement of visual stimuli With regard to 
the second of these major theoretical posi- 
tions, there is no psychometncally standard- 
ized instrument available to assess language 
development from the point of view of that 
laige body of theorists and investigators who 
espouse some version of the kind of linguistics 
so imposingly explicated by Chomsky (1957, 
1965) Thus theie is need for a test capable 
of assessing the components of language de- 
velopment from this alternative point of view 
The absence of such an instrument from the 
psychometric scene is not due to a lack of 
appropriate tasks with which to compose it 
Brief reflection yields a number of possibilities, 
drawn mainly from the literature of experi- 
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mental lesearch on psycholinguistics (eg, 
Berko, 1958, Slobm, 1966, Ammon, 1967) 
The second limitation of ITPA with i aspect 
to the study of individual differences con- 
cerns the overlap of the test with commonly 
used tests of intelligence Suppose one wanted 
to evaluate the relationship between lan- 
guage development and intelligence The fact 
is that ITPA would not be a good instrument 
for achieving the goal since of its nine sub- 
tests, six have virtually direct analogues in 
the Stanfoid-Bmet and/or the WISG Accord- 
ingly, a relationship would almost ceitamly 
be detected between language development 
and intelligence This problem is not unique 
to ITPA Virtually any attempt to answer the 
IQ-language development question is beset 
with problems since the most commonly used 
intelligence tests include a number of scales 
thatmeasuie verbal skills 

Perhaps the most lively topic of individual- 
differences speculation and reseaich relative 
to language is that which concerns vanance 
associated with social class or ethnic gioup 
membership Many of those concerned with 
the poor school performance of children from 
cultuially disadvantaged homes attribute a 
large measure of observed deficiencies m such 
children to language differences relative to 
the dominant cultuie (Bereiter and Engle- 
mann, 1966, Bernstein, 1961, 1962, 1964a, 
1964b, Bloom, Davis, and Hess, 1965, 
Deutsch, 1963, 1967) Available data on this 
issue are meager, available speculation is 
plentiful Bernstein (1961, 1962, 1964a, 
1964b) has provided both and has well 
instructed us m the distinction between re- 
stricted and elaboiated linguistic codes The 
distinction mav be understood best fiom the 
viewpoint of a listener If the speaker is using 
a lestricted code, the structuie of the message 
he utters will be characterized by one or an- 
other of a small number of syntactic alterna- 
tives Thus from the listener s point of view, 
the structure of the message is highly pre- 
dictable In contrast, the structure of a mes- 
sage uttered by a speaker using an elaborated 
code is highly unpredictable In an elab- 
orated code, the number of available syntactic 
alternatives is large Because of this property, 
an elaborated code permits the precise ex- 
pression of dicrete intent solely within the 
verbal channel In a restricted code, however, 
the communication of precise meaning is not 


possible Beinteins hypothesis is that persons 
in all social strata have available to them the 
restricted codes of their social group But 
higher-stiata members are also capable of 
using elaborated codes, whereas working- 
class members, because of their early expen- 
ence in a restricted linguistic environment, 
have not acquired the capacity for using such 
codes Since elaborated codes are well-fitted 
for communications related to academic mat- 
ters and restncted codes are not, woi king-class 
children aie severely disadvantaged in the 
face of school-learning tasks 

Loban (1965) has collected extensive data 
relevant to language development as a func- 
tion of age, social class, and ethnicity Al- 
though his study was not expenmental m de- 
sign, it piovides information of substantive 
importance, much of which is consistent with 
Bernstein's contentions For example, m both 
low- and middle-SES samples, complexity of 
speech, as measuied by the average number 
of words per communication, increases with 
chronological age But the speech of middle- 
SES subjects is consistently more complex 
than that of low-SES subjects and the magni- 
tude of the difference increases with age 
Moieover, the speech of middle-SES subjects 
is more flexible than that of low-SES subjects, 
as measuied by the variety of structures used 
in nommahzation (nouns, pronouns, noun 
clauses, infinitives, verbals) and by the fre- 
quency of use of suboidmation (dependent 
clauses, participial and infinitive phrases, 
geiunds, and appositives) These data sup- 
poit Bernstein's hypothesis regarding defi- 
ciencies m the use of elaboiated codes by 
members of the lower socioeconomic classes 
A piomismg line of lesearch on this piob- 
lem is that under the duection of Labov 
(Labov and Cohen, 1967) This mode of at- 
tack consists of the elicitation of spontane- 
ous and imitative speech from Negro Ss liv- 
ing m New York City and the subsequent 
linguistic analysis of these productions in an 
effort to formulate the phonological and syn- 
tactic rules of nonstandaid English speech m 
the populations sampled Their Ss have been 
sampled according to a stratified model de- 
signed to permit comparisons among males 
and females, older and younger Ss, middle- 
and woikmg-class Ss, those raised in the north 
versus those raised in the south, Although 
preliminary m nature, their results at this 
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point suggest that obseivable differences be- 
tween the “non-standard vernacular of the 
urban ghettoes” and standaid English are 
“greater on the suiface than m the underlying 
grammatical stiuctuie” (Labov and Cohen, 
1967, p 66) and that then Ss are capable of 
peiceivmg, undei standing, and repioducmg 
the meaning of many standard English utter- 
ances even though they themselves cannot 
produce them 

The woik of Labov cannot be constiued as 
conti adictoiy to the contention of Bernstein 
and others that lowei -class deficiencies m the 
use of elaborated codes impaiis intellectual 
abilities that relate to school peifoimance 
This remain a veiy lively hypothesis Nevei- 
theless, it still awaits expenmental validation 

Facilitation of Language Development 
Two instructive attempts to facilitate language 
development aie those of Cazden (1965, 1967) 
and of Bereitei and Englemann (1966) At 
its inception, Cazden's woik was guided by 
the hypothesis that giammatical development 
was assisted by contingencies between chil- 
dren's utteiances and adult expansions of 
these into acceptable standaid English foim 
Brown and Bellugi (1964) observed that 
mothers fiequently imitate the young child's 
utterances This imitation, however, is not 
exact Indeed, the mothers utteiance charac- 
teristically expands the child's into standaid 
English (eg, child “Throw Daddy " Mother 
“Throw it to Daddy ") Brown and Bellugi 
(1964) noted the possibility that these pio- 
cesses of expansion might facilitate the child's 
acquisition of syntax In both an expen- 
mental study with children aged 28 to 38 
months and m latei obseivational studies, 
howevei, Cazden (1967) did not find sup- 
port for this hypothesis Instead, the indi- 
cation seems to be that consideiable assist- 
ance to language development is piovided by 
the availability to the child of vanous syn- 
tactic components in adult usage, that is, 
adult “modeling” seems to be of more help to 
the child than contingent expansions 

The efforts of Bereiter and Englemann 
(1966) are impressive foi their comprehen- 
siveness, their thoroughgoing dedication to 
the efficacy of overt practice in the perfor- 
mances to be acquired, and in the results 
achieved Theirs was a programmatic attempt 
to improve the intellectual abilities of dis- 
advantaged preschool-age children In the 


initial study, 15 children were subjected to a 
9-month “academic” pieschool piogram in 
which they were given dnect training m 
speech, anthmetic, and reading skills Foi 
example, the children were requned to repeat 
m unison the utterances of a teacher until 
they could use them with considerable facil- 
ity The results of the training were an m- 
ciease m aveiage IQ from 93 to 100, 
peiformance on the ITPA at or above grade 
level, and performance on the reading and 
arithmetic subtests of the Wide-Range 
Achievement Test sufficient to place the 
children m the category of those ready to 
enter the fiist giade These lesults must be 
evaluated with respect to the usual status of 
childien diawn fiom equivalent populations, 
who at compaiable ages aie substantially 
letaided on these measures Even though an 
adequate conti ol group was not used in 
evaluating the success of this piogram, the 
method seems promising Furthermore, the 
piogiam was conducted in a classioom set- 
ting, making the techniques used almost di- 
lectly available for adoption by schoolmen 

Unfoitunately, the absence of a conti ol 
gioup and the very compiehensiveness of 
the piogram cieate difficulties in constiumg 
the results as evidence lelevant to the issue 
of whethei it is, m fact, a language-centeied 
deficiency that determines the poor school 
perfoimance of lowei -class children This issue 
is sufficiently important to command experi- 
mental verification 

Learning and Conceptual Competencies 

The combination of learning and conceptual 
competence undei a single heading deseives 
bnef comment The division between any pair 
of topics covered here, language and peicep- 
tion, perception and learning, etc , is somewhat 
arbitrary but is made for convenience of expo- 
sition and m ordei to follow conventions of 
demarcation widely shared among psychol- 
ogists Learning, howevei, is something of an 
anomaly among the other topics since it can 
be applied to each of them It is, m fact, com- 
mon to refei topeiceptual learning, conceptual 
learning, learning of language (although this 
is presently out of fashion), learning of be- 
havioral self-control In other sense it is also 
true that perception, attention, and so on, aie 
pierequisites for some kinds of learning All 
of this is to say that there are varieties of 
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learning which can be distinguished from 
one another in various ways ( cf Gagne, 1965a, 
with Melton, 1964) With regard to educa- 
tional relevance, some of these varieties can 
conveniently be discussed together because of 
their apparent centrality for the attainment 
of educational objectives It is to such vari- 
eties that we refer here 

Recent developments m research on learn- 
ing reveal an increasing emphasis on the role 
of nonrote processes, especially as they con- 
tribute to successful or efficient learning Our 
discussion of learning will focus upon such 
processes and our discussion of conceptual 
processes will likewise center upon those pre- 
sumed to underlie successful conceptual be- 
havior Fust, however, let us sketch briefly 
some of the known facts about developmental 
changes m learning and conceptual behaviors 
The general fact about leammg proficiency 
— as measured by performance on laboratory 
tasks such as those of discrimination learning, 
serial learning, and paired-associate (PA) 
learning — when plotted as a function of age, 
is that it improves It is of pronounced im- 
portance to determine whether this lmpiove- 
ment consists of a simple, linear accietion 
of skills that make for progressively greater 
efficiency or if it consists m one or more rela- 
tively discrete shifts in underlying processes 
Befoie considering this issue and its impli- 
cations, consider the bare curve of lmpiove- 
ment for some selected learning tasks 
Simple discrimination learning improves 
in children, at least up to ages 5 to 7 years 
(Stevenson, Iscoe, and McConnell, 1955, 
Weir and Stevenson, 1959) and, m some 
cases, even up to age 12 (Katz, 1967), Per- 
formance on both serial and PA learning 
tasks improves considerably across the age 
range 5 to 14 years, although serial learning 
performance appears to asymptote earher 
than PA performance (Jensen and Rohwer, 
1965) With regard to more complex forms 
of concept learning, Piaget and his associates 
have found considerable increases m the abil- 
ity to handle problems of conservation, tran- 
sitivity, and classification over the age range 
from 3 or 4 to 11 (see Wallach, 1963) 

So much for the basic facts indicating im- 
provement with age What are some of the 
component processes that may be presumed 
to account for the increased facility with 
which children perform on these varieties of 


learning tasks? With regard to discrimination 
learning, the answer is ambiguous Gibsons 
position as we have already noted would lead 
to the presumption that children increasingly 
are able to differentiate stimuli m terms of 
their distinctive features An alternative posi- 
tion is that children come increasingly to 
attach distinctive responses to individual 
stimuli, in the mam to verbal responses, and 
these serve to facilitate discrimination (eg, 
Reese, 1961) 

With respect to this last assertion, it is well 
to pause at this pomt for brief comment 
that is relevant to other similar assertions that 
follow The general explanatory notion that 
will be reiterated m connection with age- 
related improvements in learning and con- 
ceptual behaviors is that children engage 
more and more m mental manipulations, 
elaborations, and even reductions of the ma- 
terials presented for learning or problem- 
solving The evidence that children do, in 
fact, engage m such processing will always 
remain indirect barring discovery of a direct 
method foi revealing covert events What can 
be directly established is that acts presumed 
to occur covertly facilitate, or, m some cases 
interfere with, performance when they are 
made overt This characteristic of the argu- 
ment about processes underlying the piesent 
forms of cognitive development has an in- 
teresting consequence Research aimed at 
assessing the facilitating or interfering effects 
of externally imposed conditions of leammg 
or problem-solving can simultaneously pro- 
vide evidence relevant to questions on the 
nature of processes that underlie naturally 
occurring performance changes Thus the 
issue of augmenting learning and conceptual 
competencies is intimately related to the 
issue of the determinants of the development 
of such competencies (see Rohwer, 1967, in 
press) 

The signal work of the Kendlers (Kendler 
and D’ Amato, 1955, Kendler, and Kendler, 
1961, 1962, Kendler and Mayzner, 1956, 
Kendler, 1960, 1963, Kendler and Kendler, 
1959, Kendler, Kendler, and Wells, 1960) 
on reversal shift behavior m young children, 
ages 4 to 10, has led to the hypothesis that 
children increasingly respond to stimuli with 
verbal labels that identify one or another or 
several of their properties Although the final 
interpretation of observed age changes m 
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the ease of making reversal shifts (see House 
and Zeaman, 1962) is m considerable doubt, 
the Kendlers (1961) have provided evidence 
that verbalization can either facilitate or in- 
terfere with reversal shift performance de- 
pending upon whether the verbalization is 
relevant or irrelevant 

Both serial and PA task peiformance can 
be facilitated m children by mducing them 
to use relevant verbalizations Levin and Roh- 
wer (1968) have shown that the learning of a 
serial list of nouns by fourth- and fifth-grade 
children is advanced by presenting the nouns 
m the context of a single, rather long sen- 
tence Jensen and Rohwer (1965) found that 
PA learning efficiency is increased m second-, 
fourth-, and sixth-grade childien by the in- 
struction to formulate a sentence containing 
the two nouns of each pan Kindergarten 
children seemed to derive no benefit from this 
instruction, but m a later study Rohwer and 
Lynch (1968) showed that sentences pio- 
vided by the experimenter can facihtate PA 
learning m children as young as kindergarten 
age 

Verbal elaboration is not the only method 
whereby PA learning can be made more effi- 
cient Reese (1965) observed that PAs pre- 
sented to children 3 to 5 years of age m the 
form of line drawings depicting some inter- 
action of the two items m each pair (e g , a 
picture of a CAT carry mg an UMBRELLA) 
improved performance relative to a condition 
where the two items were presented sepa- 
rately In a similar study, Rohwer, Lynch, 
Levin and Suzuki (1967) showed that pic- 
tonally represented interactions among PA 
items facilitated learning m first-, third-, and 
sixth-grade Ss Furthermore, it has been 
shown that third- and sixth-grade children 
learn PAs more rapidly when they are pre- 
sented hi the form of pictures than when 
presented as printed words (Rohwer, Lynch, 
Levin and Suzuki, 1967) In sum, these 
results are consistent with the assertion that 
when children augment the materials pre- 
sented for learning by elaborating verbal or 
imaginal structures containing those materials, 
their performance is facilitated The next step 
m the argument is to say that the propensity 
for engaging m these kinds of elaboration in- 
creases with age 

At this point it is appropriate to note that 
results such as those just reviewed have two 


kinds of implication for education First, they 
suggest that conditions under which materials 
are presented for school learning determine 
the ease with which mastery will be attained 
At least with regard to the forms of school 
learning that conform to the paradigms of 
discrimination learning, serial learning, and 
PA learning, it seems clear that an informed 
and selective use of pictorial representations 
and verbal labels and contexts will result in 
more efficient peiformance Second, the re- 
sults suggest that some school time could be 
used profutably, especially during the kin- 
dergarten and even the pre-kindergarten 
years, to induce habits of elaboration in chil- 
dren so that when confronted with unelab- 
orated materials, as is so frequently the case 
m schooling, these tactics for learning can be 
voluntanly brought to bear Clearly, howevei, 
there is a major limitation on the results of 
these studies insofar as their educational rel- 
evance is concerned the extent to which the 
conclusions generalize to the learning of 
school subjects is entirely unknown Additional 
evaluation of the effects of these variables 
must be conducted usings materials that are 
like, if not identical with those used in 
education 

With regard to problem-solving processes 
and other forms of learning that are more con- 
ceptual than those mentioned thus far, it again 
appeal's to be the case that increasing com- 
petence arises from increased use of under- 
lying elaborative and analytical processes 
Roughly speaking, an account of the increased 
abihty of the child to handle problems in con- 
servation, classification, and transitivity de- 
pends upon the emergence, m Piaget’s terms, 
of concrete operations of thought including 
the property of reversibility There remains 
considerable doubt as to whether or not lan- 
guage or verbalization plays anything like a 
central role in the acquisition of these capa- 
bilities The performances themselves, how- 
ever, clearly demand that the child engage m 
mental manipulations, whatever their charac- 
ter Following the same inference strategy 
used in connection with improved learning 
performances, we may ask What aie the con- 
ditions under which conservation and reversi- 
bility are and are not observed? Assume now 
that we are speaking of children who do not 
display these capabilities at the beginning of 
training The problem is to explain how ehil- 
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dren who do evince the capacity for con- 
servation and leversibility come to be able to 
do so 

A considerable quantity of reseai ch has been 
reported relevant to these issues and the results 
have been conti adictory The contradictions m 
part stem from differences m methodology of 
investigation (Brarne and Shanks, 1965, 
Davies, 1965) and from differences in defini- 
tions of the capability being assessed (Elkmd, 
1967b) But other contradictions apparently 
have to do with the educationally lelevant mat- 
ter of the method of training used to facilitate 
acquisition of the concepts in question For 
example, m an experiment comparing two 
methods of training for number conservation, 
Wallach, Wall, and Anderson (1967) found 
training in leversibility to be effective and 
training in addition and subtraction of lelevant 
objects to be ineffective Again, a variety of 
procedures used with the intent of facilitating 
the acquisition of conservation (Smedslund, 
1962, 1961a, 1961b, Wohlwill, 1960, Wohl- 
will and Lowe, 1962) have failed to produce 
considerable differences between trained and 
control children, whereas other piocedures 
that involve masking the results of transfor- 
mations of materials from the view of Ss (see 
the discussion of the Frank expeiiment m 
Bruner, Olver, and Greenfield, 1966) seem to 
be successful 

Clearly, the conditions under which nu- 
meric and scientific concepts of the sort that 
appear with great fiequency in the work of 
Piaget and of those who are concerned to 
vahdate and extend his findings are of special 
significance for education It is equally clear 
that with regard to instructional implications, 
there aie large gaps m the information pres- 
ently available with regard to two major 
questions The first is whether or not it is 
possible, and, if so, profitable to facilitate the 
early emergence of capabilities m children 
Piaget apparently thinks that the answer is no 
(Elkind, 1967a) The second question con- 
cerns the possibility of designing instruction 
so that whatever needs to be taught to chil- 
dren can be presented without requiring un- 
attamed capabilities for its acquisition If this 
is to be the focal educational strategy, then 
accurate and reliable means for assessing 
childrens presenting status are an absolute 
necessity This brings us to a discussion of 


individual differences and of means for as- 
sessing them 

Individual Differences Individual differ- 
ences m learning and m conceptual behav- 
iors is a bifurcated topic The assessment of 
individual differences m conceptual attain- 
ments has long been a major effort of psy- 
chologists and therefore has a long tradition 
yielding considerable amounts of data These 
data pertain, as we noted at the beginning of 
the chapter, largely to performance on stan- 
dard, well-known tests of intelligence We 
need not review here the present status of 
knowledge on these kinds of individual dif- 
feiences as traditionally conceived Rather, 
we shall take note of recent developments 
related to the matters of learning and con- 
ceptual behavior just leviewed and related 
as well to the more traditional conceptions of 
intelligence 

That there is a need for more kinds of 
assessment than those provided by the tra- 
ditional intelligence test is amply testified to 
by recent theoretical formulations emphasizng 
the need for positmg at least two rather differ- 
ent kinds of intellectual processing m children 
The position was explicated at some length 
by White (1965) m connection with a wide 
variety of experimental data concerning age 
changes in performance on a number of differ- 
ent learning and conceptual tasks The sec- 
ond view that we shall mention was piompted 
m large measure by another body of evidence, 
one that contains an internal contradiction, 
namely, the data showing SES and ethnic 
differences m intelligence but not m learning 
efficiency (Jensen, 1969) 

White (1965) distinguishes a lower level 
(associative) and a higher level (cognitive) 
of mental processes He marshalls considera- 
ble, strikingly varied sources of evidence to 
the effect that a shift from the dominance of the 
associative to that of the cognitive processes 
occurs in the age range of 5 to 7 years The 
shift is summarized m terms of four general 
transitions (1) from direct responses to 
available stimuli to lesponses produced by 
mediated stimuli, (2) the emergence of the 
capability of inducing invariants m the face 
of phenomenal variability, (3) the capacity 
for organizing past experience to allow in- 
ference and prediction, (4) increased sensi- 
tivity to information yielded by distance as 
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against near receptors Obviously, each one 
of these relatively general changes from 
lower- to higher-level mental processes is 
capable of translation into a number of mea- 
surable variables, each of which may yield 
reliable individual differences Given the de- 
velopmental nature of the theory, the most 
intei estmg kind of individual differences 
would be those that might emeige as a result 
of interactions between subject vanables, task 
variables, and age Thus, foi example, one 
might expect to find that males and females 
cross the various transitions at different 
chronological ages or that within one of the 
four transitions, males would be found 
superior to females and within another the 
reverse would be the case 
It is piecisely because of obseived inter- 
actions of this kind that Jensen (1969) has 
promulgated a similar veision of a two-process 
theory of learning abilities This version, like 
White's, posits a lower-level, associative abil- 
ity and a higher-level, cognitive ability The 
lower-level ability is illustrated m terms of the 
kinds of capability necessary foi adequate per- 
formance on a task such as that of the simple 
digit span The higher-level ability is exempli- 
fied m terms of the kinds of processing re- 
quired by a task such as that of solving the 
Raven Piogressive Matrices problems 

The two-process theory is especially potent 
with legard to some interesting data that are 
beginning to be repoited regarding SES- and 
ethnic-related differences m performance on 
learning and conceptual tasks It has been 
shown, foi example, that low- and high-strata 
children of elemental y-school age perform 
equally well on tests of serial learning (Ra- 
pier, 1968), PA learning (Rapier, 1968, Roh- 
wer, Lynch, Suzuki, and Levin, 1968), and 
digit-span (Jensen, 1969) Children drawn 
from these same populations, however, have 
repeatedly been found to differ markedly on 
tests of intelligence (see, e g , data reported m 
Deutsch and Associates, 1967, Rohwer, 1967, 
1968) These two kinds of data are consistent 
with an interpretation m terms of two levels 
of learning ability The conception is that low- 
and high-SES children differ m cognitive abil- 
ities but not m associative learning abilities 
The data relevant to the issue are by no 
means complete and an attempt to furnish 
more adequate evidence is presently under- 
way (Jensen and Rohwer, 1966, Rohwer, 


1968) Even at this point, however, the issue 
is not quite as clear as described thus far The 
complication is an interesting one, for it 
involves a developmental factor It has been 
shown that SES differences in learmng ability 
can be detected at early age levels (3 to 5 
years) on the same kind of PA task that 
yields SES equivalence at later ages, the task 
is sufficiently difficult that a ceilmg-effect in- 
terpretation cannot be made (Rohwer, 1967, 
also see Semler and Iscoe, 1963, for a par- 
allel effect with respect to Negro-White com- 
parisons) When the necessaiy data are 
obtained, similar conveigence may be found 
for other tasks as well The important ques- 
tion to be answered by such data is whether 
oi not convergence with age of SES groups 
obtains for both lowei- and higher-level 
learning abilities or just for the lower-level 
abilities 

The answer to this question is critical for 
educational practice Suppose that Jensens 
two-process theory is valid, that is, suppose 
that substantial numbers of low-SES children 
aie characterized by an enduring deficit in 
higher-level, cognitive abilities Also suppose, 
as Jensen (1969) has suggested, that SES 
differences m cognitive abilities are largely 
attributable to genotypic diffeiences between 
populations The implication that follows 
from these suppositions is that instruction 
must be designed in very different ways foi 
children from upper- and lower-SES popula- 
tions For example, if a curriculum weie de- 
signed for low-SES children, it could not be 
assumed that the children were capable of 
self-initiated cognitive activity of the sort 
needed for the induction of rules from exam- 
ples If induction were a necessary component 
of the subject matter to be learned, it would 
have to be taught explicitly In contrast, sup- 
pose that variance between upper- and lower- 
SES children m cognitive level abilities is prin- 
cipally attributable to environmental rather 
than to genetic variation In this case the im- 
plication Is that systematic attempts would be 
needed to explicitly induce low-SES children 
to acquire the use of cognitive skills Presum- 
ably, such an attempt would not be partic- 
ularly successful if it weie prosecuted by 
means of enrichment methods since these are 
predicated upon the child's possession of in- 
ferential cognitive abilities Instead, the in- 
dication is that the conditions for acquiring 
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cognitive skills should be designed to permit 
the low-SES child to use maximally his asso- 
ciative learning abilities 

On the other hand, suppose that a develop- 
mental intei pretation of SES differences m 
associative and cognitive abilities is valid, that 
is, suppose that with respect to both kinds of 
learning the abilities of lower- and higher- 
SES children converge’ with increasing age so 
that the convergence of associative abilities 
occurs at earlier ages than that of cognitive 
abilities This supposition suggests two alter- 
native educational strategies The first assumes 
that these developmental differences are ma- 
turationally determined and simply involves 
scheduling instruction at later ages for lower- 
than for higher-SES children The low-SES 
child, foi example, might not enter kinder- 
garten until age 7 rather than at age 5 Al- 
ternatively, SES diffeiences in developmental 
rate might be assumed to be environmentally 
determined and therefore susceptible to 
change through the implementation of spe- 
cially prepared preschool curricula This, of 
course, is the assumption that underlies cur- 
rent efforts such as Project Headstart Note, 
however, that the developmental interpreta- 
tion implies the selection of preschool cur- 
ricula that involve explicit instruction m the 
acquisition and use of cognitive skills The 
enrichment approach common m many mid- 
dle-class nursery schools is contraindicated for 
low-SES children since many of the cognitive 
skills necessary for the success of such a pro- 
gram are precisely the ones that must be 
fostered Instead, the approach should pio- 
vide for the acquisition of cognitive skills by 
means of available associative processes 
Most impressive data relevant to these 
educational implications have been reported 
by Lesser (Stodolsky and Lesser, 1967, Les- 
ser, Fifer, and Clark, 1965) Specially de- 
signed tests of mental abilities (Verbal, 
Reasoning, Number, and Space) were ad- 
ministered according to a balanced design to 
samples of first-grade children drawn from 
each of the eight populations defined by the 
factorial combination of two variables, social 
class (middle versus lower) and ethnicity 
(Chinese versus Jews versus Negroes versus 
Puerto Ricans) The results were clear and 
staking Withm every ethnic group, theie 
was a substantial effect associated with social- 
class membership such that middle-class chil- 


dren performed significantly better on each 
of the four subtests than lower-class children 
But the pattern of performance across the 
ethnic gioups was relatively independent of 
social-class and quite distinctive for each 
ethnic group As Fig 1 reveals, the pattern 
of perfoimance within an ethnic group was 
virtually the same for both social-class groups 
but the pattern for one ethnic group differed 
markedly from that of the others There were 
also diffeiences among the various groups 
with respect to absolute levels of performance 
on the four subtests, but for the present issue 
the important result was that marked indi- 
vidual diffeiences associated with ethnic 
group membership emerged for the mental 
abilities assessed These findings are the moie 
impiessive because they have been replicated 
on two entii ely independent samples (Stodol- 
sky and Lesser, 1967) 

What conclusions and implications for edu- 
cational practice are to be drawn from these 
data? It is clear the implications are not sim- 
ple ones As Stodolsky and Lesser (1967) 
argue so persuasively, the goal of identical 
educational development for all children must 
give way to the goal of maximal educational 
development for all children The most im- 
portant implication is that psychologists of 
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Fig I. Patterns of normalized mental-ability 
scores for middle- and lower-class Chinese chil- 
dren 
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Fig. 2 Patterns of normalized mental-ability 
scores for middle- and lower-class Jewish children 

cognitive development and educators alike 
must face up to and begin to make provisions 
for individual differences As Hirsch (1967) 
has so vigorously emphasized, vai lability 
among individuals is the basic fact of behav- 
ior, it must guide oui efforts at educational 
design and our attempts to enhance educa- 
tional development 

Finally, with respect to individual differ- 
ences m learning and conceptual behavior, it 
should be clear that research must continue 
to be designed to reveal the sources and the 
patterns of variation among children It must 
be repeated that research of the kind reported 
by Stodolsky and Lesser (1967), by 
Jensen (1969) and by Rohwer (1967, 1968) 
urgently needs to be earned out develop- 
mentally, that is, across an age range that at 
least matches that spanned by the elementary 
school years It is important to know, for 
example, whether or not the ethnic differences 
m patterns of mental ability reported by 
Stodolsky and Lesser (1967) for first-grade 
children endure throughout the educational 
life-span* Without such information it is im- 
possible foi curnculum designers to know at 


what points it is necessary to provide for such 
individual differences in order to facilitate 
educational development 

Augmenting Learning and Conceptual 
Competencies. We have already noted some 
procedures that are promising for facilitating 
the acquisition of specific forms of learning 
and conceptual competencies as, for instance, 
in the case of the verbal and visual elaboiation 
of learning materials (Rohwer, 1967, Milgram, 
1967) and m the case of reversibility 
(Wallach, Wall, and Anderson, 1967) There 
remain developments m five other areas that 
have more general application to the problem 
of facilitating educational development These 
aie discoveiy methods, programmed instruc- 
tion, computer-assisted instruction, detailed 
operant techniques foi lemediation, and pre- 
school programs Each of these areas of ap- 
plication has such direct implications for 
educational practice and is so thoroughly 
discussed elsewhere that they will be men- 
tioned here only m summary form 

The approach to instruction known as the 
discovery method has acquired great fashion 
among some psychologists and among many 
educators Many of the new curnculum efforts, 
m fact, aie built largely upon the assumption 
that learning by discovery has the advantage 
ovei the alternatives (see, e g , Sucliman, 
1960, 1961, Davis, 1966) The advantages of 
the discovery method are presumed to be in- 
creased motivation, better retention, and wider 
tiansfer rather than more efficient initial 
mastery of presented matenals 

Let us consider, for example, the method 
of inquiry training developed by Suchman 
(1960) This method has been applied pnn- 
cipally to elementary science instruction and 
is designed for use m gioups of about 10 
students each A typical training session be- 
gins with the piesentation of a silent motion 
picture depicting some physical event such 
as the collapse of an empty sealed varnish 
can with cooling The students' task is to 
discovei an explanation for the event by ask- 
ing questions m a form that the teacher can 
answer either “Yes ” or “No ” For example, 
the teacher will answer a question like “Was 
the can at loom tempeiature to begin with?" 
but will not answer one like “Why did the 
can collapse?” Thus the teachei is a source 
of information but not a source of strategies 
for gaining information The intent of the 
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method is for children to learn to frame ques- 
tions so as to obtain uneqmvocal information, 
to sequence the questions so as to establish 
early m the session the information prerequi- 
lte for further progress, and to draw inferences 
from the information obtamed m order to 
evaluate hypothetical explanations of the 
event observed At the end of each inquiry 
session, a critique period follows in which the 
children and the teacher discuss the tactics 
and strategies of inquiry in order to improve 
the students' competence m the use of the 
method Suchman (1960) reports that after 
15 1-hour sessions of this kind * 

Most of the children who receive training 
become more productive in their design and 
use of veiification and experimentation They 
develop a fairly consistent strategy which 
they can transfer to new problem situations 
They make fewer untested assumptions, they 
formulate and test more hypotheses, and 
they perform more controlled vs uncontrolled 
experiments in the course of their mquiiy 
(Suchman, I960, p 47) 

Critical reviews of the literature on dis- 
covery methods have appeared (Ausubel, 
1961, Gagne, 1966b, Wittrock, 1966) and 
reveal that, as yet, we have very little syste- 
matic evidence about the effects of discovery 
methods on motivation, retention, and tians- 
fer Evidence that has been collected seems 
to indicate that unguided discovery is inferior 
on all measured counts to procedures of 
guided discovery (Kersh, 1958) 

Gagn6 and Brown (1961), for example, 
have reported the results of an experiment m 
which the teimmal task presented to ninth- 
and tenth-grade subjects was that of finding a 
formula for obtaining the sum of four dif- 
ferent kinds of number series The subjects 
were divided into three groups according to 
the kind of pretraining administered The first 
kind. Rule and Example, consisted of an 
expository learning program m which a rule 
for finding the sum of a particular kind of 
number series was presented followed by 
appropriate examples of such series The 
second kind of pretraming, Discovery, in- 
volved the presentation of a number series 
with the instruction to find a formula for 
obtaining the sum of such a series A series 
of successive hints was available for presenta- 


tion as subjects indicated a need for them m 
order to solve the problem but at no time was 
the answer provided The Guided Discovery 
program, the third kind of pietraimng, con- 
tained a series of items for each type of series 
The items asked questions relevant to the 
formula to be obtained and offered multiple 
choice answers to the questions The sequence 
of items was designed to lead the subjects 
systematically through the information needed 
to obtain the required formula In terms of 
performance on the terminal task, the Guided 
Discovery group was best, followed by the 
Discovery and Rule and Example groups, in 
that order 

Perhaps the most important thing to be said 
about discovery learning and education at 
this point is to echo the positions taken by 
Cionbach (1966) and Kagan (1966) re- 
search is needed to establish the specific 
advantages and disadvantages of identified dis- 
covery methods for particular contents to be 
learned, objectives to be attained, and for 
specific kinds of learners who are to be in- 
structed For additional discussion of the 
topic, the reader is refened to Shulman and 
Keislar (1966) 

Just as discovery methods have enjoyed 
a certain fashion among educators, so have 
methods of programmed mstiuction Unlike 
the case of discovery, the topic of pro- 
grammed instruction is replete with experi- 
mental studies of the effects on learning out- 
comes of component factors such as step size, 
mode of response, type, frequency and mode 
of feedback, and sequencing (see Lumsdame, 
1964, for a leview) From a cunently dom- 
inant viewpoint, the educational importance 
of programmed instruction is not so much 
that it piovides a discrete set of techniques 
foi instruction but that it concretely illustrates 
the possibility of predesigning instructional 
materials (see Lange, 1967) Research on 
programming, then, is useful insofar as it 
sheds light on the variables that contribute to 
the success or failure of attempts to map out 
instructional sequences that aie relatively in- 
dependent of teacher decisions The argument 
is a simple one Teaching virtuosity is and 
m all probability will continue to be rare and 
the teacher has much too much to manage 
already without the burden of making minute- 
by-rmnute curricular decisions The practice 
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of leaving the success of schooling to the 
teacher cannot be warranted any longer 
To take an example, the line of research 
reported by Rothkopf (Rothkopf, 1965, 1966, 
Rothkopf and Coke, 1963, 1966, Rothkopf 
and Bisbicos, 1967) has considerable rele- 
vance foi the task of predesigning instruction, 
even though it is not advertised much as 
research on piogiammed instruction Roth- 
kopf has shown, foi instance, that the mcor- 
poiation of certain kinds of testlike questions 
withm sequences of wntten material can 
facilitate learning from such matenals The 
types of questions asked and the placement 
of the questions have been shown to affect 
the success of the method Moieover, it has 
been shown that testlike questions can have 
effects that mteifeie with perfoimance as 
well as effects that enhance peifoimance 
Developmental studies of these effects on 
learning are needed to support the investiga- 
tions aheady leported, especially insofar as 
they can extend the age range of the popula- 
tions sampled down into the elementary- 
school level Accoi ding to Rothkopf (Rothkopf 
and Bisbicos, 1967) the effect of questions 
placed immediately after the relevant seg- 
ments of wntten matenal is to increase in- 
spection behaviois on the pait of students 
Although he is pessimistic about the pos- 
sibility of installing such behaviors as enduiing 
habits, this potential is woith consideiable 
assessment m its own right 
All of the remaiks made thus fai about 
programmed instruction and the predesign 
of educational matenals apply equally to the 
topic of computer-assisted instiuction (CAI) 
The role of the computer m CAI is manifold 
Consider, for example, the system m use at 
Stanford Univeisity m connection with first- 
giade reading instruction (Atkinson, 1968) 
Each of 16 children is seated at an individual 
terminal equipped with piesentation devices 
(projection screen, cathode ray tube, and eai- 
phones) and response devices (typewriter 
keyboard and light pen ) A pi ogi am of instruc- 
tion is predesigned and stored m the computei 
which selects items foi presentation to the 
child depending upon his pievious record of 
performance on an initial screening test and 
on the test items contained within each frame 
of the program Materials can be presented 
on any one or a combination of the display 
devices m connection with a given frame of 


instruction If a child's answei to the question 
contained withm a frame is correct, he is 
presented with the next fiame m the mam 
line of the program If his answer is incorrect 
he is presented with the initial frame of an ap- 
propriate remedial loop The child's response 
with either the light pen or the typewriter 
input piovides the information necessary for 
the computer to choose between these al- 
ternatives The lesponse is also sufficient to 
permit the computei to display to the child 
informative feedback as to whethei oi not 
his response was correct Finally, the system 
is designed to record automatically the child's 
performance, pioviding a histoiy of his prog- 
ress through the instiuctional progiam At 
thd end of the first year the CAI program was 
evaluated The perfoimance of the CAI group 
on standaid tests of leading achievement sur- 
passed that of a comparable contiol group 
that had been piovided with customary first- 
grade instruction m reading 

An additional comment must be made about 
a distinctive feature of computer-assisted in- 
struction precisely because of its signal im- 
portance foi education As Suppes (1964) 
has indicated, the enormous magnitude of 
individual variation m learning is levealed 
most cleaily by methods of instruction, such 
as computer-assisted methods, that provide 
for the accommodation of these differences 
The individualization of instruction has been 
a positively valued goal m Amencan educa- 
tion for many years But literal provision foi 
individual differences has been minimal for 
very good reasons, including (1) the extent 
of individual variation has only been sus- 
pected and not dramatically oi empirically 
known, and (2) pioviding foi individual 
vanation is an arduous and perhaps even an 
impossible task without technological aid, 
especially given the dominance of classioom 
modes of organization m the schools The 
use of computer methods in education will, 
hopefully, remove the possibility of ignoring 
in piactice the necessity of individualizing 
instruction 

Our concern with individual variation has 
thus far taken us only pait of the way out 
towaid the tails of frequency distributions 
of children's performance on educational 
tasks What of children who seem irredeem- 
ably fated to fail in school? Recent work in- 
formed by a rather strict commitment to the 
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tenets of operant and classical conditioning 
shows some piomise of remediating seemingly 
irreversible deficits The work of Lovaas 
(Lovaas, Freitag, Gold, and Kassoila, 1965, 
Lovaas, Schaeffer, and Simmons, 1965), al- 
though still quite controversial, is impressive 
for its attempt to modify seemingly intractable 
behaviors m autistic children Less bizarre 
behaviors such as pervasive reading deficien- 
cies have been shown to yield to intervention 
using operant techniques (Staats and Butter- 
field, 1965) The characteristic specificity of 
the operant appioach to learning is clearly 
evident in this effort and apart from its ap- 
parent success as a remediation technique, the 
approach can contribute to educational prac- 
tice if it succeeds in impiessmg schoolmen 
with the fact that learning is a complex under- 
taking composed of almost mnumeiable spe- 
cific acquisitions that are prerequisite to any 
further progress 

Finally, mention must be made of a very 
different educational strategy designed to 
ameliorate individual differences, namely, the 
burgeoning interest and implementation of 
programs m preschool education All mannei 
of such piograms are presently m operation, 
from the sort predicated on the value of tradi- 
tional nursery school enrichment to those that 
lean heavily on the presumed efficacy of early 
training in academic skills In other connec- 
tions we have already mentioned the programs 
under the direction of Deutsch et al (1967), 
Gray (1966), and Bereiter and Engelmann 
(1966) The last of these is notable foi its 
rigid adhezence to an academic model of 
preschool education m marked contrast to 
the customaiy nursery school enrichment 
model Bereiter and Engelmann (1966) set 
foith 15 academic objectives as the minimal 
goals of a preschool education program These 
objectives are specific and stated in be- 
havioral terms as illustrated by the following 
selections. 

Ability to use the following prepositions 
correctly in statements describing arrange- 
ments of objects on, m, under, over, between 
“Where is the pencil?” “The pencil is under 
the book ” 

Ability to perform simple if-then deduc- 
tions The child is presented a diagram con- 
taining big squares and little squares All the 
big squares are red, but the little squares are 


of various other colors “If the square is big, 
what do you know about it ” “It’s red ” 

Ability to name the basic colors, plus white, 
black and brown 

Ability to count aloud to 20 without help 
and to 100 with help at decade points (30, 
40, etc ) 

A sight-reading vocabulary of at least four 
words m addition to proper names, with 
evidence that the printed word has the same 
meaning foi them as the corresponding spoken 
word “What word is this?” “Cat” “Is this 
a thing that goes ‘Woof-woof?” “No, it goes 
‘Meow’” (Bereiter and Engelmann, 1966, 
pp 48-49) 

The program of instruction instituted to 
achieve these objectives may be characterized 
as one of specific, direct teaching If the 
objective is the capability of counting objects 
correctly up to 10, the childien are given 
highly repetitious practice in counting objects 
up to 10 It is interesting to note that the 
instructional practices described by Bereiter 
and Engelmann conform closely with prin- 
ciples of simple, associative learning The two 
principles most in evidence throughout are 
repeated practice of correct responses and 
reinforcement for correct responses 

The instructional progiam is designed to 
fit within a 5-day-a-week, 2-hour-a-day sched- 
ule One hour each day is devoted to intensive 
teaching and learning directed toward the 
attainment of the program's objectives This 
hour is distubuted m three 20-mmute seg- 
ments sepai ated by periods of less structured 
activity The three segments are devoted to 
instruction in language, arithmetic, and read- 
ing skills A different teachei is responsible 
for each of the thiee subject-matter aieas so 
that the children are in the charge of three 
individual teachers 

The lesults of a preliminary assessment of 
the Bereiter-Engelmann preschool piogram 
suggest that it is a promising method for 
increasing the rate of educational develop- 
ment in culturally disadvantaged children 
Fifteen low-SES childien were enrolled m 
the program for a 9-month period The av- 
erage age of the group at the outset was 4J4 
years and the average IQ was 93 At the end 
of the penod, the average IQ had risen to 
100 Moreover, the average performance of 
the sample on the reading and arithmetic 
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subtests of the Wide-Range Achievement Test 
was advanced a full year beyond age level 
The conclusions that can be drawn from these 
results are limited by the fact that appropriate 
control groups were not selected for purposes 
of comparison 

Massive piograms like Project Headstart 
and related governmental efforts have also 
been subjected to evaluation (Williams and 
Stewart, 1966, Boyd, 1966, Temp and Ander- 
son, 1966), but their characteristic inattention 
to design for evaluation makes it difficult to 
draw compelling conclusions That is to say, 
unless such efforts are planned with evalua- 
tion in mind, the amount of information 
yielded cannot be maximal In an effort as 
large and as unsystematically varied as Proj- 
ect Headstart little can be discovered about 
the relative effectiveness of specific vanants 
of preschool education At a time when the 
mood m education and in public agencies 
responsible for education strongly favors the 
institution of pie-kmdergarten schooling as 
a matter of loutme, it is crucial that hard 
information be made available about the 
effects of such practices 

A model piece of lesearch m this regard 
has recently been reported by Lenrow 
(1967) The study contrasted the effective- 
ness of thiee different preschool progiams for 
assisting children to achieve mci eased compe- 
tence in both convergent and divergent modes 
of thinking and problem-solving Provision 
for assessing the effects of the programs on 
these behaviors was made quite intentionally 
and no effort was spared to institute the best 
possible version of each of the kinds of pro- 
gram studied Apart from demonstrating the 
advantages of a convergent training or direct 
teaching program for performance on tests 
of logical thinking and that such a program 
had no deletenous effects on divergent think- 
ing abilities the study revealed once again 
the pervasiveness of individual differences, 
not only m presenting status but in response 
to intervention It was found, for example, 
that a number of the children given con- 
vergent training showed a greater propensity 
for exploratory activity than children given 
divergent training, whereas other children 
given the convergent training showed con- 
siderably less Clearly, these results are not, 
by themselves, of enormous significance Both 
longer-term programs and longer-term effects 


of such programs need similar evaluation, 
more attention should be given to the number 
and variety of dependent measures to be used 
m indexing the effects of such programs 
Nevertheless, Lenrow’s effort is remarkable 
for the care taken to plan for evaluation and 
the attention given to the possibility that 
multiple consequences, some of which could 
be contradictory, might result from a single 
type of preschool education 

SUMMARY, SPECULATION, AND 
IMPLICATIONS 

Let us conclude by reiterating some of the 
themes that have appeared and reappeared 
m these pages It is important as well to 
characterize what the reader has been offered 
here m the name of implications of cognitive 
development for education For the piesent 
treatment has by no means exhausted all of 
what the psychology of cognitive develop- 
ment has to offer to education Intentionally, 
greater emphasis has been given to what 
schoolmen need fiom the scientific study of 
cognitive development than to what they 
can now obtain fiom it This choice was made 
in the belief that the current status of theory 
and research as it i elates dnectly to educa- 
tional practice is very pieliminary indeed 
The purpose was to underline the kinds of 
research that are desperately needed if edu- 
cation is to he improved The need is desperate 
because education is presently changing and 
the changes are, m many cases, being made 
without recourse to evidence that the direc- 
tion is favorable for the children who will be 
involved — thus the recurrent themes 

Two kinds of research are necessary if the 
psychology of cognitive development is to 
contribute to educational change The first 
is basic research, which starts with psycho- 
logical phenomena that reveal themselves m 
schooling, such as the phenomena associated 
with learning to read For a developmental 
psychologist to engage m such research, he 
must change only his strategy for choosing 
researchable phenomena After the choice, 
the method is that of experimental analysis 
and, with luck, the results are of both prac- 
tical and theoretical significance The second 
kind of research is ancillaiy to the first but 
of equal importance if the first is ever to con- 
tribute to educational change This kind of 
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research involves the psychologist with sub- 
ject-matter and curriculum specialists in 
evolving, evaluating, and modifying instiuc- 
tional programs and matenals An emphasis 
on this kind of research belies an underlying 
skepticism about the direct applicability of 
the results of basic lesearch m the schools 
Hence, the typical pattern will probably in- 
volve modifications as the tianslation to 
practice is attempted 

The present character of research m the 
geneial area bounded by education, psychol- 
ogy, and cognitive development is that educa- 
tional research is too infrequently develop- 
mental and research in cognitive development 
too infrequently begins with phenomena that 
arise m schooling Despite this, there are 
hopeful signs Theoretically, the recent form- 
ulations by Bruner and by Gagne indicate 
a commitment to work towaid the satisfaction 
of the educational* needs we have reviewed 
Both formulations incorporate attention to 
phenomena germane to schooling along with 
a developmental view of the educational 
process With regaid to research, the various 
efforts that have come under the umbrella 
of Project Liteiacy, for example, promise to 
result m both evidence and materials that 
can contribute to educational change In gen- 
eral, the trend, if one can be perceived, seems 
to be toward a gi owing relevance of research 
and theory m cognitive development for 
educational problems and toward a growing 
use of this lesouice by schoolmen 

A second major theme of the chapter has 
been the contention that special attention to 
individual differences is crucial for the suc- 
cess of any enterprises aimed at promoting 
educational development It is vanabihtv 
after all that forms the starting point of psy- 
chological lesearch, and one of the most 
legitimate and important aims of such re- 
search is surely isolating and descubmg the 
sources and determinants of individual dif- 
ferences There are several topics embedded 
here One conceins the development of means 
for measuring individual differences, for 
classifying them, and for reliably identifying 
individuals who belong to the various classes 
Another concerns the specification of the 
measures that are necessary for determining 
the presenting status of students at any lm- 
poitant educational juncture Still another 
matter that awaits clarification is the extent 


to which individual differences detected at 
one developmental level persist to and through 
othei levels Finally, it remains to determine 
which of the individual differences detected 
are amenable to modification and which will 
simply have to be provided for by distinctly 
different foims of educational piactice 

Related to all of these issues of individual 
variation is the enormous task of designing 
instruction to be responsive to them The 
problems heie are not easy to solve We do 
not know what learning conditions are most 
facilitative foi impulsive as compared with 
reflective children, for Chinese as compared 
with Negio children But even given this 
kind of knowledge, we will still be faced with 
the task of detecting and providing for indi- 
vidual differences m the response of such 
groups to the mstiuctional programs designed 
for them 

It is not yet clear how the commanding 
need for individualization of instruction is to 
be met It seems certain that the conception 
of the classroom must give way to that of the 
student as the basic unit of educational organ- 
ization Indeed, it might be the better strategy 
to induce schools to shift m the direction of 
psychological expeiimentation than to expend 
effort in determining how to maximize the 
effectiveness of present school practices That 
is to say, for manifesting what and how much 
an individual has learned, the individually 
admmisteied task has a distinct advantage 
over classioom lecitation But such a recom- 
mendation cannot be made until we have 
provided educatois with effective means foi 
assessing students and their progiess all along 
the mteival of life devoted to formal educa- 
tion, and with respect to the kinds of learnings 
and development the schools seek to engendei 
Not that these objectives must be accepted 
as is Changes heie are piobably warranted 
as well, but until we can provide adequate 
methods for assessing more than measuies of 
PA learning efficiency 01 the piopensity for 
making leversal shifts, our suggestions must 
lemain limited Make no mistake, the capa- 
bility for making such assessments is impor- 
tant as well, for it is cleaily necessary to 
identify a diverse array of competencies in 
children including vanous kinds of learning 
abilities as well as moie general collections 
of abilities such as intelligence and creativity 
The final theme that deserves emphasis m 
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closing is the need for explicit, behavioral 
statements of educational objectives At a 
time when an increase m the number of years 
to be devoted to formal schooling is senously 
planned, it is neaily unconscionable to do so 
for vague and general purposes regardless of 
the humanitarian and altruistic character 
of the rhetoric used to describe them It may 
require a considerable sacrifice of illusions 


about educational objectives, but until we 
demand to know specifically how we can tell 
a successful education when we see one, we 
may never be able to help m pioducing one 
Nor can we assist m solving one of the great 
and continuing problems of instruction — re- 
vealing to the instructor whether or not a 
student has learned whatever it is he was 
intended to learn 
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659, 687 

Behavior modification, 666, 682ff, 
867f 

techniques of, 682f 
Behavior patterns, 1, 5, 7 
analogies of, 16 
effects, of environment on. If 
of past experience on, see 
Imprinting, Learning 
of simultaneous arousal of 
drives on, 12f 

elicitation of, by brain stimula- 
tion, 13 

evolution of, 6, 1 Iff 
frequencies of, 23, see also 
Action specific energy 
genetics of, 17f, 31 
homologies of, 16, 27 
homonomies of, 17 
mnate, 463 

ontogenetic development of, 450 
organization of, 9ff 
social releasers of, 21 
see also Behavior, Fixed action 
patterns, and Innate behavior 
Behavior problems, improvement 
of, 683 

Behavior stereotypies, 25 
Behavior theory, 669 
Behavior therapy, 665f 
Bender-Gestalt Test, 783, 1322 
Bent-stick illusion, 1429 
Berkeley cross-cultural study of 
children’s language, 1070 
Berkeley Growth Study, 1174ff, 
1181f, 1186, 1192, 1195 
Berkeley Guidance Study, 1 174, 
1193,1196 

Bilirubin, insoluble, 165 
Bmet-Simon test, 1166 
Bmet test, 913,1167f 
Binocular coordination, 348f 
Binocular parallax, 776 
Birds, 452 

development of behavior in 
embryos of, 459ff 
Birth, 467 
changes at, 92f, 468 
effect(s) of, 92f 
hemoglobin change at, 93 
of kangaroo, 470 
maturation of nervous system 
and, 93 

Birth defects, 580 

Birth weights, variations m, I61f 

Blastocyst, 89, 15 8f 


Blind and seeing children, mental 
abilities and, 1372 
Blindness, and perception, 791, 

798 

Blood, composition of, 163 
fetal, 165 

oxygenated, in sheep fetus, 184 
umbilical and venous, 168 
“Blood-borne anxieties,” 585 
Blood cells, in embryo, 164 
formation of, 164ff 
Blood circulation, 159ff 
course of, 180ff 
see also Circulatory system 
Blood clotting, m newborn, 174f 
platelets and, 164 
Blood formation, first, 159 
Blood pressure, 195ff 
age and, 203 
cardiac output and, 202f 
diastolic, age and sex norms for, 
200ff 

direct measurements for, 195 
during early infancy, 198 
influences on, 196 
methods of measuring, 193 
osciUometric method for measur- 
ing, 195ff 

palpation and ausculation tech- 
niques for measuring, 195 
period of rapid mcrease m, 197 
peripheral resistance and, 202f 
postnatal drop in, 202 
reasons for higher, m males, 202 
rising trend in, among older 
persons, 202 
sex differences and, 202 
systolic, age and sex norms for, 
199f 

variations m, in neonate, 197 
weight and, 203 
Blood proteins, 163 
Blood types, determiners of, 164 
Blood values, minimal, and age 
trends, 170 

sex differences and, 170f 
Blood vessels, development of, 
159, 187ff 
m embryo, 164 
postnatal growth of, 189 
umbilical, 185f 
Blood volume, 19 Iff 
body weight and, 191f 
causes for amount of, 192 
clamping of umbilical cord and, 
192 

sex differences and, 192 
total, m premature, intermedi- 
ate, and full-term infant, 192 
values for, 192 
Blue babies, 468 
Body Adjustment Test (BAT), 
1323ff, 1328, 1334 
Body-build, consistency of, during 
childhood, 136 
racial differences and, 137 
Body concept, 1327ff, 1332 
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Body image, perception of, 796ff 
Body maturity, general factor of, 

108 

Body measurements, sex differences 
and, lOOff 

Body movements, habituation and, 855 
Body stalk, m embryonic develop- 
ment, 159ff 

Body temperature, 235ff 
infant behavior and, 292 
longitudinal trends m, 240f 
m neonate, 237ff 
perinatal, 238ff 
sex differences and, 240f 
Body weight, at birth, in relation to 
heart weight, 189 
Bone growth, adolescent growth 
spurt and, 94f 

radiographic measurements of, 

94f 

Bone marrow, 164ff 
fat m, 164 

oxygen level m, and erythropoie- 
sis, 165ff 
red, 164 

Bones, radiographic measurements 
of, 94f 

Bradycardia, 2 Ilf 
Brain, embryology of, 496f 
functions of, and cell 
“connectivity,** 122 
of infant and adult compared, 

119, 497 

of marsupials, 469 
supply of oxygen to, 468 
see also Electroencephalography 
Brain acetylcholinesterase activity, 

597 

Brain cholinesterase, 597 
Brain damage, 606, 828 
early, m rats, 596 
Brain functioning, 574 
influences of early rearing exper- 
ience on, 597 

Brain growth and development, 77, 
118ff 

and adolescent growth spurt, 84 
environmental influences on, 123f 
gradients of, 121f 
m guinea pig, 575 
and Ley dig cell secretion, 115 
malnutrition and, 123f 
myehmzation and, 122f 
relation of structure and function 
in, 123 

thyroid hormone and, 113 
Brain-injured patients, improvement 
m behavior problems of, 683 
Brain insult, occurring early m life, 

593 

Brain physiology and biochemistry, 
influences on, 597 
Brain stimulation, elicitation of 
behavior by, 12f 
m fetus, 510ff 
Brain weight, DNA and, 581 
increased, and enriched environ- 


mental rear mg, 597 
m infant, 290 

Breast, female, development of, 98 
male, changes m during 
adolescence, 98 
“Breast bud,” as early sign of 
puberty, 98 
Breath, first, 502 
Breathing movements, fetal, 448, 
502f, 529 

Breathing rhythm, m newborn, 529 
Breeding, selective, 55f 
Brightness, perception of, 350 
Buffermg, 625 f 
as a function of age, 573 
characteristics of, 572, 631 
Buffon, 77 

California, University of, 1061, 

1070 

studies of psychological effects of 
early and late physical devel- 
opment at. Ill 
California Achievement Test, 

1226ff 

California Infant Scale of Motor 
Development, 1180 
California Mental Scale, 1180 
California Psychological Inventory, 
1200, 1202f, 1333 
California Test of Mental Maturity, 
1220ff 

Canalization, m growth, 126f 
sex differences and, 127 
Camouflaged Words Test, 1327 
Canonical correlation, 1367f 
applications of, 1370 
between attention during habitua- 
tion and responsivity to 
stimulus change, 1368 
interpretation of negative weights 
in, 1369 

sex differences and, 1369 
Capillaries, structural and functional 
development of, 189 
Capillary permeability, decrease in, 
with age, 190 

Carbon dioxide, in fetus, 227ff 
Cardiac deceleration, 1373, see also 
Heart rate 

Cardiac diseases, in neonate, 187 
Cardiac output, 191ff 
average, of adult, 194 
blood pressure and, 202f 
maternal circulatory system and, 
163 

methods for measuring, 192ff 
m neonate, 194 
Cardiac response, law of initial 
value in, 292 

Cardiovascular system, embryonic, 
159, 163 

Carnegie Corporation of New York, 
287 

Cartesian rationalism, 664 
Cat, fetal studies of, 483ff, 502, 
524, 568 


Categorical attitude, 764 
Categorical concepts, see Concepts, 
superordinate 

Categorization, 1282ff, 1305ff, 
1309 

nature of array in, 1 308 
Category width, 1282ff 
and conceptual differentiation, 
1282ff 

and creativity, 125 3ff 
and the Pettigrew Category 
Width Test, 128 3f 
Category Width Test (Pettigrew), 
1283f 

Catch-up growth, 126ff 
Cattell infant scale, 607, 613 
Cattell Infant Intelligence Scale, 
1169 

Cattell’ s Mental Test for Infants 
and Young Children, 1168 
CAV’D group test, 1170 
Cell assembly, 574, 827 
Cell “connectivity,” brain func- 
tions and, 122 
Cell mass, inner, 159 
Cells, white, 163ff 
Center for Advanced Study m the 
Behavioral Sciences, 849 
Central nervous system, 1 If 
Cerebral cortex, development of, 
120ff, 508 

Cerebral metabolic rate, in neon- 
ate, 190 
Chaining, 684 

Chemical manipulations m animal 
behavioral studies, 580ff, 

594 

Chick, 568 

behavioral studies of, 46 Iff 
perception studies of, 790 
Child behavior, punishment and, 

26 

Child development, effects of 
nursery school on, 612 
Child Development Movement, 663 
Child psychology, and the learn- 
ing theory tradition, 65 7ff 
applied efforts in, 683 
Child-rearing, antecedent-conse- 
quent analysis of, 675ff 
Children, adopted, 605 
culturally disadvantaged, 617f 
mentally deficient, 612 
Children’s Reactive Curiosity 
Scale, 1258 

Child Research Council, University 
of Colorado, 1174 
Child Study Movement, 663 
Chimpanzee, 596, 960 
speech and thought m, 942 
Chorion, 159, 466, 468 
Chorionic gonadotrophin, 612 
and Leydig cell secretion in 
early pregnancy, 115 
Chonomc villi, 159 
Chromosomal anomaly, 586 
and behavior, 45ff 
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Chromosome(s), 43ff, 451 
and sex linkage, 44 
Y, and skeletal age difference, 109 
Chromosome complement, normal, 
m human, 43 
Chromosome mosaics, 47 
Chromosome number, 43 
Chromosome puffing, 62f 
Chronological age, IQ and, 1167 
Cineangiocardiograms of human 
and other fetuses, 184 
Circles Test, 1301, 1304 
Circulation, course of, m adult, 180 
postnatal, 182 
see also Circulatory system 
Circulation time, measurement of, 
193 

related to cardiac output and 
metabolic rate, 193f 
Circulatory system, 467 
changes in, at birth, 184f, 468 
development of, 180ff 
maternal, see Maternal circulatory 
system 

placental, 159ff, 579 
Classes of concepts, 991ff 
beginning use of, 992f 
in interaction, 996f 
m isolation, 993ff 
Classical conditioning, 575, 630, 
659,666,677,689,711 
versus operant conditioning, 85 6 f 
Classificatory groupmg(s), 993ff 
complexive, 994f 
superordinate, 994f 
thematic, 994f 

Climate, physical growth and, 137f 
Coactions, 753 

Cognition, 1273ff, 1321ff, 1342ff, 

1 348ff 

and behavior, 1274f 
definition of, 1275 
and personality in perceptual 
development, 806ff 
and personality tests, 1274 
Cognition, geometric-technical 
mode of, 750 

individual differences in, 1273, 
1275,1342 

intelligence testing and, 1 178ff 
lntramdividual differences in, 

1342 

observed physical differences and, 
1343ff 

structure of, 1275f 
Cognition and language, problem of, 
1063f 

Cognitive abilities, 1408ff 
genotypic differences and, 1437 
Cognitive adaptation, 708 
Cognitive behavior, 709 
Cognitive complexity, 1279ff 
and articulation, 1280 
Bien’s index of, 1279f 
and conceptual differentiation, 
1282ff 

and dimensionality of 


stimuli, 1280 
forms of (Signell), 128 If 
generality of, 1281f 
hierarchic integration and, 1280 
Kelly’s RCP Test and, 1279f 
Cognitive controls and styles, 

1276ff, 1282, 1294ff, 1301, 
1303f, 1323, 1342ff 
and adaptive intentions, 1277 
automatization factor m, 1343ff 
constricted-flexible control, 

1277, 1296 

defense mechanisms and, 1277f 
drives and, 1276f 
equivalence range, 1282, 1294 
field articulation, 1294, 1323 
focal attention, 1294, 1301f 
levehng-sharpening, 1294, 1304 
scanning-focusing, 1301 
see also Conceptual differentiation 
Cognitive development, 678, 703ff, 
940 

accommodation(s) m, 707ff, 714 
assimilation(s) m, 706ff, 714 
atomism m, 706 
configurations m, 725 
“construction(s)” m, 704ff 
and early prerequisite competen- 
cies, 1421ff 
and education, 1379ff 
empirical mformation and, 705 
experience and, 705, 714, 720f, 731 
and external verbal control, 1423f 
interactions in, 703ff, 713f, 720 
mvention and, 714 
logicomathematical constructions 
m, 706, 709,732 
logicomathematical expenence 
and, 721,724 

maturational emphasis in, 1389ff 
maturation and, 705, 710, 712, 
719f, 722 

operational structurations m, 705, 
714 

“operations” in, 705 
optimal rate m, 713 
period of propositional or formal 
operations m, 711 
period of representative intelli- 
gence in, 711 

physical expenence and, 705 
principal periods m, 7 1 1 
progressive construction in, 710 
progressive integration in, 710 
rate of, and chronological age, 

713 

reflection and, 706 
and reflective abstraction, 728 
retroaction and, 724 
role of teachers in, 1394, 1404f 
self-regulation(s) in, 703, 705f, 
719, 724, 728f, 731f 
sensorimotor period in, 7 1 1 
“structures” m, 705ff, 711, 722ff, 
726ff, 729 

“transformations” m, 704, 725 
“translations” in, 705f, 722 


theory of stages m, 71 Off 
voluntary exercise and, 705 
see also Education, Educational 
development, Instruction, 
and Lear rung 

Cognitive dispositions, basic, 806 
Cognitive functionalism, 658 
Cognitive functions, operative and 
figurative aspects of, 717ff 
Cognitive (higher level) mental 
processes, 1436 
Cognitive styles, see Cognitive 
controls and styles 
Cognitive relations, establishment 
of, 703 

Cognitive structures, 7Q5ff, 711, 
726ff 

equilibration and, 722ff 
origin of, 729 
Cognitivism, 686 
Colicky and noncohcky babies, 
585 

mothers of, 585 

Collative stimulus properties, 967 
Collative variables, 670 
Color, perception of, 35 Of 
Colorado, University of, 1174 
Color blindness, 44 
Color vision, heredity and, 45 
Soviet studies of, 856 
Combinations and proportions, 
concepts of, 1006f 
Communicative behavior, see 
Behavior, expressive, 
Behavior, ritualized 
Communicative function of 
symbolic responses, 94 Iff 
Comparative analysis of evolu- 
tionary change m develop- 
ment, 738 

“Comparative-developmental 
point of view,” 663 
Comparative psychology, 657, 

662 

Compensatory growth, 126f 
Complexity, as a variable govern- 
ing interest and attention, 
328 

attention and, 818 
Comprehension of grammatical 
forms, studies of, 1068ff 
Computer-assisted instruction, 
1441 

Concept(s), 758, 766ff, 940, 958, 
983ff 

abstractness of, 988 
accessibility of, 989f 
as a kmd of learning, 1 397ff 
attributes of, 987 
of causality and other natural 
phenomena, 1022ff 
classes of, 99 Iff 
of combinations and propor- 
tions, 1006f 

differences among, 986ff 
difficulties m defining, 983 
economic, 1031 
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as equivalence responses, 983ff 
generality of, 988 
mclusiveness of, 988 
logical and mathematical, 99 Iff 
of measurement umt, 1017ff 
of movement, 1019ff 
of the natural world, 1009ff 
of number, lOOlff, see also Num- 
ber concepts, Number, con- 
servation of 

of permanent object, 1009ff 
political, 1030f 
power of, 98 8f 
precision of, 988 
of probability, 1007ff 
psychological, 1026ff 
quantitative, 1012ff 
religious, 103 If 
similarities among, 983ff 
social, 1025ff 
spatial, 1015ff 
status of, 989 
structure of, 987f 
superordmate, 1305ff 
of time, 101 9ff 
vahdity of, 989 
variation in, 987ff 
of velocity, 1019ff 
Concept attamment, 940, 1290 
Concept classes, considered in inter- 
action, 996f 

Concept development, 983ff, 990ff 
environmental factors in, 1040ff 
general issues concerning, 1032ff 
normative-descriptive studies of, 

99 Iff 

orgamsmic factors m, 1040ff 
Concept formation, 912, 940 
Conception age, 495 
Concept learning, 899ff, 940 
developmental studies in, 899ff 
and effects of adding irrelevant 
information, 900 
and integration of information, 

900 

intelligence and, 90 If 
rate of, and structure of the task, 
900 

verbal labels and, 901 
Concept-sorting task, 1305 
Conceptual acquisitions, develop- 
mental diagnosis of, 1032ff 
Conceptual behavior, individual 
differences in, 1436ff 
Conceptual categories, 1307ff 
Conceptual competencies, learning 
and, 1433ff 

Conceptual conflict, 968, 1422 
Conceptual development, 740 
Conceptual differentiation, 1282ff 
and breadth of categorization, 
1282ff 

and cognitive complexity, 1282 
and equivalence range, 1282 
and object sorting task, 1282ff 
Conceptual functioning, 1285, 1291 
Conceptualism, instrumental, 1389ff 


Conceptualization, attempts to 
model, 670ff 

orientmg-mvestigating schemata 
of, 672 

Conceptual relations, 998ff 
considered in interaction, 999ff 
considered m isolation, 99 8f 
Conceptual systems, 986, 1276, 
1286ff 

level of functioning in, 1287, 

1290 

measurement of, 1287 
Conceptual tasks, ethmc-related dif- 
ferences in performance of, 
1437 

socioeconomic status and, 1437 
Conceptual thought, as a means of 
ac ting, 739 

Concordance, as a term in twin 
research, 53 

Concrete operations stage in 
development, 947, 95 7f 
Conditioned reflex, as a basis of 
adaptive behavior, 689f 
Conditioning, 323f, 334, 666f, 677, 
688, 713, 852ff 
anxiety and, 860 
appetitaonal, 85 2f 
classical, 575, 630, 659, 666, 677, 
689,711,852, 856 
classical versus operant, 85 6f 
delay m reward and, 860f 
drive level effects on, 85 8ff 
effects of complex forms of, 855 
and functions of language, 856 
with infants and young children, 
852ff 

instrumental, 677 
neonatal, 852ff 
m older infants, 855ff 
operant, 677, 680ff, 711, 852, 

85 6f, 867 

operant versus classical, 85 6f 
in premature babies, 854 
prenatal, 854 

and rate of head-turning, 856 
reinforcement and, 858ff 
respondent, 677, 683, 688f 
sex-role preferences and, 858 
studies of, with older children, 
857ff 

study of, and remediation of 
behavioral defects, 856 
and study of physiological 
processes, 856 

as a tool for assessmg abilities of 
preverbal child, 856 
verbal, 857f 
vocalization, 857 
see also Learning 

Configurations, in cognitive develop- 
ment, 725 
Conflict, 675, 968 
conceptual, 968 

and paired-associate learning, 905 
Congenital heart disease, 187 
Connectiomsm, 661 


Conscience, analysis of, 666 
Consciousness, psychology of, 657 
Conservation, 1435 
of area, 1018 
concept of, 722 
of distance, 1018 
facilitating acquisition of, 1436 
of length, 1017 
number, 1436 
of quantity, 715f 
of volume, 1012ff 
of weight, 1012ff 
Conservation judgment, 755 
Conservatism, rigid, as a feature 
of perceptual intuitions, 755 
Constancy, perceptual, 357, 774, 
778, 802 
shape, 781 
size, 776f 

Constricted-flexible control, 1277, 
1296 

Construction(s) in cognitive 
development, 750 
and knowledge acquirement, 
704ff 

Constructive games, 709 
Constructivism, progressive, 743, 
748 

Consummatory act(s), 7f 
compared with appetitive behav- 
ior, 9 

as fixed action pattern(s), 7 
Contemplative acts, 763ff 
Contmuity, in organizational stages 
of development, 734 
in orthogenetic conception of 
development, 735 
Contrast sensitivity, 793 
Convergent thinking, 121 3ff 
Copulation age, 495 
Corpuscles, embryonic, 159ff 
red, 163ff 

Corpuscular volume, calculation 
of, 166 

Correlation, beta weights m mul- 
tiple, 1369 
canonical, 1367ff 
multiple, 1367ff 
Cortical equipotentiahty, 597 
Corticosterone, 113f 
Corticotrophin-releasmg factor 
(CRF), secretion of, 113 
Cortisol, 113f, 117, 140 
Cortisone, embryological devel- 
opment and, 61 
Co-twin control, 54 
Cotyledons, 160 

Courtship behavior, examples of, 
lOff, 15ff 
genetic basis of, 18 
imprinting and, 465 
Creative persons, 121 Iff 
Creative processes, 121 Iff 
Creative products, 121 Iff 
Creative Thinking Project, 141 3ff 
Creativity, 121 If, 1274, 1284f, 
1412ff 



1496 SUBJECT INDEX 

academic achievement and, 1220ff 
associative processes and, 1240ff 
category width and, 1253ff 
effects of experience and, 123 Iff 
grade variance and, 1248ff 
incidental learning and, 1248ff 
intelligence and, 1212ff 
introspection and, 1240ff 
preference for novelty and, 1246ff 
problem-solving and, 1212ff 
and the Remote Associates Test, 
1246ff 

suspension of evaluational 
processes and, 1240ff 
and the “threshold of intelligence” 
concept, 1227 

Creativity evaluations, by peers, 
1230ff 

by teachers, 1229ff 
Creativity test, 1407 
Cremastenc reflex, 512, 514, 520 
Creodes, 63, 567, 710, 712f 
“Cn-du-chat,” 46 

Crossmg over, gene linkage and, 44 
Crowding, behavior and, 583 
Cry, the first, 504 
Cry mg, 316 
fetal, 504 
prolonged, 682 

reduction of, by nonreinforce- 
ment, 857 

Culturally disadvantaged children, 
education of, 617f 
Cumulative learning theory, 1398ff 
Curiosity, perceptual, 967 
stimulus-response analysis and, 

666 

Curricula, and educational objec- 
tives, 1387ff, 1400f, 1408ff 
elementary and secondary 
science, 1411 

Cutaneous receptors, m human 
prenatal life, 5 1 8ff 
Cutaneous reflexes, 512ff, 520 
Cybernetic search, 956 
Cytrophoblast, 159 

Dark-reanng, 596 
Darwinism, 661 
Daydreaming, 1258ff 
Deaf and hearing children, mental 
abilities and, 1373 
Deafness, 786f 
Decenteung, 1289ff 
Decidua, 466, 468 
Decimal age, anthropometric meas- 
urements and, 89 

Defense mechanisms, and cognitive 
controls and styles, 1277f 
Defensive reaction, 576 
Dehydroepiandrosterone (DHA) 
sulphate, 114, 117 
Delbouef illusion, 804 
Delivery, mode of, as a factor in 
learning ability, 592 
Dental growth, genetical control of 
rate of, 1 34ff 


sex linkage and, 135 
Dental maturity, 105, 107 
Deoxyribonucleic acid, see DNA 
Dependent variables, mteraction of, 
1367 

Deprivation, 608, 788 
m family settings, 612 
hospitalization and, 632 
in infants, 608 
maternal, 25, 604ff, 632 
perceptual, 608, 632 
social, 14, 25, 619 
stimulus effectiveness and, 862f 
visual, 595 

Depth fixation, texture and shading 
in, 776 

Descriptive behaviorism, 678 
Developing organism, modifiability 
of, 567 

Development, analogous function- 
ing as a general law of, 737 
of attention, see Attention, devel- 
opment of 

classical factors of, 719ff 
cognitive, see Cognitive develop- 
ment 

comparative analysis of evolution- 
ary change in, 738ff 
conceptual, 740 

coordinates for functional analy- 
sis of, 745 

coordinates for structural analysis 
of, 746 

dialectical process of, 733, 735, 
738 

dimensions involved m, 633 
educational, see Educational 
development 

embryonic, see Embry o(s). 
Embryonic development 
final determination of mental end 
state in, 735 
flexibility m, 736 
functional disequilibrium m, 736, 
738 

functional equilibrium in, 736 
language, see Language develop- 
ment 

and learning, relations between, 
713ff 

of language perception, 81 Iff 
long-term, 738 
material cause of, 735, 741 
mental, see Mental development 
monoremic stage of, 759 
organismic analysis in, 735ff 
organization as a dimension of, 
633, 738 

orthogenetic approach to, 735, 
738, 745 

perception, see Perception, devel- 
opment of, Perceptual develop- 
ment 

Piaget’s theory of, 703ff 
psychopathological, 738 
psychosocial, 678 
sensory, see Sensory development 


sexual, see Sexual development 
short-term, 738 
social, see Social development 
societal, 738 
spiral, 736f 
spontaneous, 714 
stages of organization m, 734 
stages of psychosexual, 577 
transitional stages m, 735 
see also Growth 
Developmental age, 103ff 
intelligence testmg and, 1169 
prediction of adult height and, 
109 

relations between measures of, 
107 

sex differences and, 109 
Developmental concurrence, 

1037f 

Developmental direction, 574 
Developmental genetics, 6 Iff 
behavior and, 65ff 
Developmental patterns, heredity 
and, 68 

Developmental periods, 630 
Developmental propulsion, 1390ff 
Developmental sequences, 1034ff 
Developmental “spiralling,” 133 
Developmental stages, equivalent, 
m rat and man, 115 
general and singular, 133 
Developmental transformations, 
diagram of, 743 
Developmental variables, 566 
Diagonal reflexes, in fetus, 509f 
Dialectical process of develop- 
ment, orthogenetic formula- 
tion of, 735 

Diastolic and systolic pressure in 
early and late maturers, 202 
Dietary treatment of phenyl- 
ketonunc patients, 59 
Differentiation, 571ff, 630, 633, 
684, 750, 828f 
Bruner’s concept of, 1292 
and cognitive complexity (Bien), 
1279f 

in cognitive processes, 1278ff, 
1323, 1340f 
conceptual, 128 Iff 
as a developmental variable, 566 
of distinctive features m 
linguistics, 1132ff 
in fetus, 90 

of grammatical categories, 1093ff 
mtrasensory, 828 
and Kelly’s psychology of 
personal constructs, 1279 
in language acquisition, 1085ff 
level of, 1284ff 
Lewin’s theory of, 1278f 
perceptual, 571 
and perceptual development, 

826 

of primitive interactions, 744 

progressive, 734 

and Witkm’s construct of field 



dependence-independence, 1279, 
1323 

Digit-span tests, socioeconomic 
status and, 1437 
Directed thinking, 674 
Discontinuity, generated in organi- 
zational changes in develop- 
ment, 734 

in orthogenetic conception of 
development, 735 
Discovery method in approach to 
instruction, 1439f 
Discriminant analysis, applications 
of, 1372f 

sex differences and, 1373 
Discriminant dimension, 1371 
Discriminant scores, 1371 
standardized, 1371 
Discrimination, 684, 784f 
auditory, 856, 879 
m the deaf, 786 
figure-ground, 780 
frequency, 794 

in mfant, 319ff, 324f, 341, 346, 
350 

phoneme, 811 
speed of, and age, 856 
sucking and, 334 
visual, 792 

Discrimination analysis of behavior, 
669 

Discrimination learning, 670f, 868ff, 
914f, 1424, 1434 
between sets of stimuli, 879 
developmental studies of, 87 8f 
effects of delayed reinforcement 
on, 877f 

mcentive effects and, 874ff 
punishment and, 876 
rate of, and acquired distinctive- 
ness of cues, 872 
and stimuli differences, 86 8f 
reinforcement and, 874ff 
response biases and, 878 
stimulus pretrainmg and, 87 Iff 
Discriminative ability, 571 
Disease, height reduction and, 140 
physical growth and, 140 
Disequilibrium, 741 
adaptive, and part-whole organi- 
zation, 738 
functional, 736 
Dishabituation, 340 
Displacement behavior, 12, 28ff 
neurophysiological evidence for, 

13 

psychiatric use of, 28 
sleep as, 29 

Distance attamed in physical growth, 
77f 

Distance conservation concept, 

1018 

Distancing, concept of, 765 
Distinction, applied-basic, 679 
Diurnal rhythm, 317 
Divergent thinking, 117 8f, 1213ff 
and adaptive flexibility, 1214ff 


and associational fluency, 121 3ff 
factor analysis of, 121 3ff 
flexibility as factor in, 121 8ff 
fluency as factor m, 1218ff 
originality as factor m, 1213ff 
redefinition as factor in, 1213ff 
word fluency as factor in, 1213 
Dizygotic (DZ) twins, 5 Iff 
DNA (deoxyribonucleic acid), 57f, 
451,536,706, 1190 
bram weight and, 581 
enzyme formation and, 58 
in guinea pig, 575 
m operon model, 62 
Dogfish, 452 

Dogs, form discrimination in, 750 
hunger contractions in, 503 
restricted, 596, 750 
social isolation m, 600ff 
Doll play, aggression in, 676 
Dolphin, intelligence m, compared 
with man, 15 

Dominance, developmental shift in, 
743 

in genetic system, 40 
heredity and, 55 

lateral, and reading disability, 796 
Doves, sexual behavior in, 464 
Down’s syndrome ( mongolism ), 

45 ff, 451,586 

Draw-a-Man Scale (Goodenough), 
607, 1328 
Dream imagery, 745 
“Dreaming” sleep, see REM sleep 
Dreams, 717, 743 
psychosis and, 743 
Dnve(s), 68 If 

and cognitive controls and styles, 
1276f 

m fetal life, 526 
hunger, 503 
IQ and, 1192ff 
oral, 618 

primary, in child, 676 
simultaneous arousal of, 1 2f 
vital, and primitive action, 75 1 
Drive level, and effects on condi- 
tioning, 858ff 

Drug effects, on fetal development, 
490ff, 585f 
on imprinting, 25f 
Duck(s), 569 

embryological studies of, 463 
Ductus arteriosus, closure of, 186 
functions of, 182f 
Ductus venosus, 183, 186 
Duoremic stage of vocal develop- 
ment, 759 

Dwarfism, “deprivation,” 142 
Dyadic theonzmg, 676 
Dynamometer, for strength test, 95 
Dynamic retinoscopy, 572 
Dyshaxmomc development, 130ff 

Early experience, critical aspects of, 
575ff 

genotype and, 624ff 
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methods of study of, 579ff 
perception and, 788ff 
sensitive period m f 576 
and space perception, 773f 
studies of, 565ff 
theoretical models of effects of, 
626ff 

Ebbmghaus tradition, the, 662 
Ecology, 774 
Economic concepts, 1031 
Educability, prerequisites for 
curricular, 1387f 
Education, cogmtive development 
and, 1379ff 

criteria of successful, 1 387 
individual differences and, 1388 
mathematics, 1409ff 
programs in preschool, 1442ff 
psychology and, 1382ff 
and stimulus-response analysis, 
666 

successful, and curricula, 1387 
see also Cognitive development, 
Educational development, 
Instruction, and Learning 
Educational capabilities, 1409 
Educational development, 1389ff 
and culturally disadvantaged 
children, 1442f 
goal, of maximal, 1438 
of minimal, 1438 
identical versus maximal, 1438 
objectives of , 1405ff 
theory of, 1387, 1389ff, 1400ff 
see also Cognitive development, 
Education, Instruction, and 
Learning 

Educational objectives, 1400ff, 
1408ff 

need for behavioral statements 
of, 1445 

Educational practice, rationale of, 
1387ff 

Educational problems, investiga- 
tions arising from, 965f 
Educational relevance, 1380ff 
effective, 1385ff 
establishing of, 1380 
EEG, 292 
basis of the, 242ff 
methodology of, 242ff 
ontogeny, of evoked responses 
m the, 25 Off 

of sleep patterns m the, 248ff 
of the waking, 244ff 
of restricted dogs, 596 
see also Electroencephalography 
EEG patterns, 592 
Egocentrism, 710, 729, 743ff, 749 
Egocentrism-relativism, 1289 
Eidetic imagery, 817f 
Ejaculation, time of first, 98 
EKG, 203ff 
of fetus, 204ff 
of neonate, 206ff 
Elaboration, as score m creative 
functioning, 1224ff 
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Electrical elicitation of behavior 
patterns, 13 

Electrocardiogram, see EKG 
Electroencepholagram, see EEG 
Electroencephalography, 24 Iff 
age changes and, 246ff 
fetal, 497,501 
see also EEG 

Electrophysiological studies of 
behavior, 12 

Electroretinography, 292 
Embedded Figures Test (EFT), 
1297, 1299ff, 1314, 1323ff, 
1328ff, 1332, 1334ff 
children’s form (CEFT) of, 1324, 
1332 

Embryo(s), 89, 158ff 
of birds, development of behav- 
ior m, 459ff 
blood cells m, 164 
blood vessels m, 164 
cardiovascular system in, 163 
duck, 463 

early differentiation m, 158 
fish, 454f 
frog, 45 5f 
loss of, 89 
Embry ogenesis, 710 
Embryology, of behavior, 664 
psychological, 664 
Embry omc development, 157ff 
species differentiation m, 161 
Embryonic disc, 159 
Embry omc kver, 160 
Embryonic period, 158ff, 498 
“Emergence” in organic develop- 
ment, concept of, 449 
Emotional behavior, 589 
Emotional development, 316f 
Emotional stimuli, pupil response 
to, 20f, 30 

Emotional stress, prenatal treatment 
of, 580 

Emotions, IQ and, 1192ff 
Empiricism, 802, 826 
versus nativism, 773, 788, 825 
Empincism-nativism in relation to 
development of space percep- 
tion, 77 3ff 

Empiricist point of view, 664, 802 
and size-distance relation, 778 
Enactive mode m cognitive growth, 
1291 

Enactive representation, 1390ff 
m development of symbolic 
functions, 948ff 

Encoding, and cognitive controls, 
1294ff 

Endocrine glands, adolescent growth 
and, 116ff 

physical growth and, 1 12ff 
prenatal growth and, 1 13f 
Endocrine secretions, control of, 

112 

Endometrium, 160 

Energy, action-specific, 7, 10, 12 

Energy metabolism, 230ff 


age trends in, 232ff 
in perinatal period, 231 
sex differences and, 23 3f 
techniques for measuring, 2301 
Enrichment, environmental, see 
Environmental enrichment 
Enrichment mechanisms, perceptual 
development and, 826 
Environment, action of the social, 
719 

adaptation to, 625f, 703 
and brain development, 123f 
concept development and, 1044f 
effect of, on behavior, Iff 
experience of the physical, 719 
and genome, interactions be- 
tween, 710 

influence of social, 721 
IQ and, 1164, 1172, 1176f, 

1187ff 

learning and, 71 3 
manipulation of, 618ff, 743 
nature of, and human infancy, 

288f 

perception of, 744 
psychological, 743 
social, 618ff, 719, 721f,895, 

897, see also Socioeconomic 
status 

uterine, and prenatal growth, 90ff 
Environmental enrichment, 572, 578, 
594ff, 597, 612ff, 788,791 
nursery school as, 615f 
Environmental restriction, 578, 
594ff, 597, 612ff 
Environmental variance and genetic 
variance, 49 

Environment-heredity interaction, 
133f, 774 

and physical growth, 133f 
Enzymes, 58 

formation of, and DNA, 5 8 
Enzyme systems, effects of birth 
on, 93 

Eosinophils, 17 Iff 
Epigenesis, 450, 703, 705, 710, 719 
Epigenetic landscape, 64, 577 
Epigenetic system, 710 
Epigenetic viewpoint on behavior, 4 
Epigenotype, 710 

Epistasis, m polygenic systems, 48f 
Epistemic behavior, 967, 97 3f, 1422 
Epistemological relations, establish- 
ment of, 703 
Epistemology, 661, 664 
genetic, 705f,730, 739 
and metatheory of learning, 661, 
668 

Equilibration, 729, 968f 
and cognitive structures, 722ff 
Equilibrium, 741 
functional, 736, 738 
structural, 738 

Equivalence range, 1282, 1293f 
and conceptual differentiation, 
1282 

Equivalence response(s), 983ff 


Erbkoordinationen, see Fixed 
action pattern(s) 

Error of potentiality, 449f 
Erythroblast, 165ff 
Exythrocyte(s), 164ff 
hemoglobin in, 165 
Erythropoiesis, causes of 
abnormal, 165 
change m rate of, 170 
oxygen level in bone marrow 
and, 165ff 

perinatal burst of, 168 
stages of, 164f 

Erythropoietin, anemia and, 165 
hypoxia and, 165 
Estes-type position, 629 
Estrogens, excretion of, during 
growth, 116f 
sex differences and, 116f 
Ethnic groups, reading failure and, 
1381 

Ethnicity, and language develop- 
ment, 1432 

and mental abilities, 1438 
Ethnic-racial subcultures, intellec- 
tual abilities and, 1374 
Ethnic-related differences m learn- 
ing and performance of 
conceptual tasks, 1437 
Ethnogenesis, 738ff 
Ethogram, 2 

Ethological approach to study of 
behavior, 2f 

Ethological tradition, 570ff 
Ethology, Iff 
concepts of, 2ff 
history of. Iff 
methods of, 2f 
philosophy of, 2f 
psychiatric use of, 29f 
Eugenic utopianism, 664 
Evaluational processes, suspension 
of, and creativity, 1240ff 
Evaluations of creativity, by peers, 
1230ff 

by teachers, 1229ff 
Evolutionary change in develop- 
ment, comparative analysis 
of, 738ff 

Evolutionary consequences, 600 
Evolutionism, 664f 
Evolutiomsts, 663 
Excretion, as a fundamental form 
of behavior, 454 
Executive responses, 947, 954 
Exercise, m cognitive development, 
720 

Exercise games, 708f 
Expectancies, role of, in cognitive 
processes, 1345, 1349f 
Expectancy, 334, 341 
Experience, and cognitive develop- 
ment, 705, 714, 720f, 731, 
750 

cognized, 750 

early, see Early experience 

effects of, on creativity, 1231ff 
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logicomathematical, and cognitive 
development, 721, 724 
of mfant, and personality develop- 
ment, 852 
prenatal, 580ff 
and space perception, 773f 
synesthetic, 750 

Experiential variables, early, 597 
and brain physiology and bio- 
chemistry, 597 
Exploration, “specific” and 
“diversive ” 967 

Exploratory response, diverse, 967 
specific, 967 

Expression, as a fundamental form 
of behavior, 454 
Expressional fluency, 1214ff 
Expressive behavior, 9ff , 30 
Extra handling, 578 
given to mother rats, 583 
Extrmsic reinforcement, 1423 
Eye, and adolescent growth spurt, 

84 

Eye accommodation, 349 
Eye-blink reflex, conditioning of, 
854 

Eye movements, 347ff, 358, 524f, 
718, 784f, 822f, 826 
m human fetus, 524f 
Eye muscles, “postural” responses 
of, 524 

Eye reflexes, 347f 
m chick, 462f 
in human fetus, 513 
Eye-voice span (EVS), 816 

Face, and adolescent growth spurt, 
84 

Facial expression, m fetus, 526 
Facial hair, time of appearance of, 

98 

Families, monomatnc, 622f 
polymatnc, 622f 
Fantasy, 1238ff 
anxiety and, 1260ff 
development of, 1261ff 
elicited versus spontaneous, 

1258ff 

hereditary factors and, 1262 
introspective sensitivity and, 
1260ff 

novelty of elicited, and spontane- 
ous fantasy, 1259ff 
play and, 126 Iff 
self-reported anxiety and, 1260ff 
waiting behavior and, 1257ff 
see also Rorschach responding 
Fat, adolescent growth spurt and, 
94f 

in bone marrow, 164 
growth curves for, and sex differ- 
ences, 95 

radiographic measurements of, 

94f 

Fat layer, subcutaneous, growth of, 
85f 

Fatigue, in fetus, 526 


Fear, 577, 581, 675, 678 
radiation and, 581 
as response in imprinting process, 
25 

Fear-evoking stimulus, 678 
Feedback, learning and, 1393 
Feeding frustrations, 592 
Fels Research Institute, 82, 97 
Fels study, the, 1174 
Fertilization, 89, 450, 452, 454 
Fertilization age, 495 
Fetal activity, and Gessell scores, 
504 

Fetal adrenal hypertrophy, 580 
Fetal behavior, general characteris- 
tics of, 514ff 

nonoperative studies of human, 
500ff 

study of, in operatively removed 
human fetuses, 505ff 
see also Fetal studies, Fetus(es), 
and Prenatal behavior 
Fetal blood, 165 
Fetal cholesterol level, 580 
Fetal circulation, 180f 
Fetal cry mg, 504 

Fetal development, effect of drugs 
on, 490ff 

German measles and, 492 
m human, 492ff 
see also Prenatal development, 
Prenatal growth 

Fetal electroencephalogy, 497, 501 
Fetal feeding reaction, 508 
Fetal hiccup, 504 
Fetal hfe, historical evaluations of 
human, 493 

Fetal measurements, human, 495f 
Fetal membranes, 467 
Fetal movements, 500ff, 507 
Ahlfeld, 448, 501 
as related to fetal posture at time 
of delivery, 503 
m chick, 46 Iff 
m duck, 464 
peristaltic, 503 
rat, 482 
trotting, 448 
Fetal period, 158ff, 498 
Fetal posture, as a result of fetal 
movements, 503 

Fetal studies, cat, 483ff, 502f, 524 
goat, 489 

guinea pig, 47 Iff, 489, 502f, 521, 
524 

human, 492ff 
kangaroo, 470 
monkey, 490 
opossum, 469, 523 
rabbit, 471, 482f, 485, 503 
rat, 478ff, 494, 502, 523 
sheep, 489f, 510 
Fetal urine, 503 
Fetus(es), 89, 92, 466ff, 505ff 
abdominal reflexes in, 510, 513 
acidosis in, 227ff 
adrenal gland in, 1 1 3 


antibodies m, 177 
arterial wall thickness in, 1 89 
blood circulation in, 180ff 
brain stimulation m, 51 Off 
carbon dioxide in, 227 ff 
cerebral cortex in, 508 
diseases in, 180 
differentiation in, 90 
effect of hormones on growth 
of, 113 

EKG of, 204ff 
endocrine function m, 113 
facial expression m, 526 
fatigue in, 526 
growth of, 89f 
heartbeat m, 505, 512, 526, 
1165 

histogenesis in, 90 
infectious agents in, 168 
labyrinthine reflexes in, 508 
malformed, 49 If 
metabolic activity in, 16 Iff 
muscular contractions m, 5Q9ff, 
513 

nutrients for, 161 
organic senses in, 525ff 
oxygen in, 227ff 
pam sensitivity in, 521 
prematurely delivered, 163 
responses in, 506ff 
sense of hearing in, 528ff 
sense of smell in, 526f 
simple reflexes in, 1165 
spontaneous movements in, 
509ff 

sucking reflex in, 5 12ff 
tactile stimulation in, 506ff 
taste sense m, 526f 
tendon reflexes m, 508ff 
Fiction games, 708 
Field articulation, as a cognitive 
control, 1294, 1323 
Field dependence, age and, 807 
perception and, 807f 
personality and, 807f 
Field dependence-independence, 
1323ff 

antecedents of, 133 Iff 
cultural differences and, 1337ff 
sex differences and, 1334ff 
sexual identification and, 1333 
social behavior and, 1329ff 
studies of, 809 

Field independence, age differ- 
ences and, 807f 
sex differences and, 807f 
Figural after-effects, in retardates, 
803 

Figure Drawing Test, 1323 
Figure-ground discrimination, 780 
Film, use of, in infant study, 295f 
Filter model, 825 
First cry, 504 

First-Year Mental Scale, 1168 
Fish embryos, development of 
behavior in, 454f 
Fixation, fust, 1367ff, 1373f 
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first versus total, as measure of 
attention in infants, 1369f 
total, 1367ff, 1373 
Fixation preferences, 775 
Fixed action pattem(s), If, 4, 7 
action-specific energy for, 7,10, 
23 

characteristics of, 7 
compared with Piagetian schemas, 
21 

consummatory act as a, 7 
evolutionary changes m, 7, 15 
functions of, 5, 6 
genetic fixedness of, 7 
m man, 2 Iff 

motivational bases of changes in, 
15 

neurophysiological evidence for, 8 
single intensity performance of, 

15 

stimuli for, 8 
taxonomic value of, 7 
Flexibility, as factor m divergent 
thinking, 1213ff, 1218ff 
m development, 736 
Fluency, as factor m divergent 
thinking, 121 8ff 

Follicle-stimulating hormone (FSH), 
112,116 

Folhng’s disease, 42, 58 
Food and Drug Administration, 491 
Foramen ovale, 182ff 
functions of, 182f 
location of, in fetus, 180f 
Formal operations stage m develop- 
ment, 948, 957ff 
Form-function relations, 753 
“Four group” transformations, 957 
Fourth Conference on Intellective 
Processes, 1068 
Frequency discrimination, 794 
Frog embryo(s), 455f 
Fruit Distraction Test, 1296 
Frustration, drive level and, 85 8f 
Frustration-aggression hypothesis, 
676 

F scale, 1333 

Full Scale (global) scores in, Wech- 
sler Intelligence Scales, 1168 
Functional analysis of behavior, 

67 8f, 682ff 

Functional asymmetry, 574 
Functional disequilibrium, 738 
Functional equilibrium between 
systems of organization, 738 
Functional-locational concepts, 
1306ff 

Functional patterns, hierarchically 
integrated, 748 

Functional-relational concepts, 
1306ff 

Functioning, analogous, 748 

Games, constructive, 709 
exercise, 708f 
fiction, 708 
rule, 708 


symbolic, 708f, 717f, 722 
see also Play 
Gamete(s), 40f, 451 
Gamete formation, 40f, 44 
meiosis and, 44 
nondisjunction m, 45 
rule of independent assortment 
in, 41,44 

Gene action, models of control of, 
61f 

Gene linkage and crossmg over, 44 
Gene pair(s), autosomal, 40 
segregation of, 41 
selection of, 41 

General Problem Solving Program, 
1414 

Genes, 39ff,492, 534f 
age-limited, 136 
behavior change and, 492 
mutant, 492 
regulator, 62 
single and behavior, 42f 
structural, 62 

Genetical control, growth rate and, 
134 

menarche and, 134 
skeletal maturity and, 134 
teeth eruption and, 135 
Genetically programmed behavior, 
1, 704, see also Behavior pat- 
terns, Fixed action patterns, 
and Innate behavior 
Genetic assimilation, 707 
Genetic code, 451, 492, 534ff 
Genetic covariance, 50 
Genetic determination, degree of, 
49 

Genetic disease, 451 
Genetic epistemology, 668, 705 f, 
739, 768 

Genetic fixedness of behavior, 7 
Geneticism, 685 
Genetic morphology, 748f 
Genetic parallels, 741 
"Genetic point of view,” 663 
Genetic preformation, 710 
Genetic psychology, 659ff, 66 2ff 
Genetic-rationahst tradition, 665, 
687 

Genetics, chemistry of, 57ff 
of behavior, 17ff, 31 
developmental, 6 Iff 
IQ and, 1171, U86ff,1190ff 
mental abilities and, 1164 
quantitative, 47ff 
transmission, 39ff 
see also Heredity 
Genetic sensitization, 707 
Genetic tradition, the, 662ff 
Genetic variance, 49 
Genitalia, growth of, 97f 
Genome and environment, inter- 
actions between, 710, 729 
Genotype, 39f, 48, 451, 567, 577, 
7D7f, 710, 719 
and early experience, 624ff 
Genotypic differences, cognitive 


abilities and, 1437 
“Gentling,” 569, 587 
Geotaxis, heredity and, 56 
Geotropism, 523 
negative, 469 

Germinal period of prenatal life, 
498 

Gessell Developmental Schedule, 
504,611,1178,1180 
Gesell mental ability test, 1168 
Gesell’s scales, 1169 
Gesell scores, fetal activity and, 

504 

Gestalt arguments, 662 
Gestalt factors m shape perception, 
781 

Gestalt laws of organization, 780f 
Gestalt principles, 795, 803 
Gestalt properties, 784 
Gestalttheone , 515 
Gestational age, estimation of 
human, 497 

Gestation period, m sheep, com- 
pared to human, 162 
G factor, 1326 

as dimension of mental ability, 
1215 

Gliosis, m infant, 290 
Global (Full Scale) scores in 

Wechsler Intelligence Scales, 
1168 

Glucocorticoids, 113f 
Glutamic acid, 6 Ilf 
Goat, fetal, 489 
Goldstein-Scheerer sorting test, 

786 

Gompertz curve, 80, 98, 100 
Gonadal hormones, 162 
and sexual differentiation, 114ff 
Gonadotrophins, at puberty, 116 
Gonads, 115 

Goodenough draw-a-man test, 607, 
1328 

Gottschaldt figures (test), 1323, 
1327, 1335, 1342f 
Grade variance, and creativity, 
1248ff 

Grammatical categories, differen- 
tiation of, 1093ff 
Grammatical forms, comprehen- 
sion of, 1068ff 

Grammatical regulations, predica- 
tion and, 1088ff 
Grammatical rules, early, 1078ff 
Grammatical structure, in percep- 
tual processing, 816 
Granulocytes, 17 Iff 
Grasping, 316, 328 
Grasp reflex, 313f 
in fetus, 509, 520 
Greukch-Pyle plates, 104f 
Greulach-Pyle atlas for bone age, 
104f, 109 

Griffiths scale, abilities of babies, 
1169 

Growth, as developmental van- 
able, 566 



developmental dimension of, 631 
development and, 633 
and early experience, 572ff 
physical, see Physical growth 
prenatal, see Prenatal growth 
Growth curve(s), bone, 94f 
chimpanzee, 87 
cortex, 95 
fat, 94f 
fitting of, 79 

human, 77ff , see also Human 
growth curve(s), Physical 
growth 
medulla, 95 
mice and rat, 87 
muscle, 94f 

phase-differences in, 82 
rhesus monkey, 87 
sex differences and, 84, 94f 
sibling, 135 
standards of, 83 

various tissues and parts of body, 
84ff 

Growth data, 80ff 
of American children in Brazil, 

137 

cross-sectional, 80, 83 
of East Afncan groups, 137 
of Japanese reared m California, 
140 

longitudinal, 80ff 
types of, 80ff 
Growth hormone, 114, 116 
Growth patterns, differences in, 66 
individual, and IQ, 1174 
Growth process, organization of, 
125ff 

Growth rate(s), at different levels of 
ability, 1176 

genetical control and, 134 
racial differences and, 137 
Growth rating scales, for breast 
development, 98 
for genitalia development, 98 
for pubic hair development, 98 
Guided Discovery program of 
instruction, 1440 
Guide-dogs for blind, reasons for 
failure m, 601 

Guilford’s adaptive flexibility fac- 
tor, 1327 

Guilford’s Structure of Intellect, 
1178ff 

Guinea pig, brain development in, 
575 

fetal, 450, 47 Iff, 489, 502, 524 
newborn, 452, 472ff 
RNA m, 575 

temperature sensitivity in fetus 
of, 521 

“Habits,” 743 

Habituation, 339ff, 575f, 608, 677, 
1367f 

age factors in, 343f 
attention during, 1368 
controversies concerning, 344f 


infant state and, 344 
of initial orientation, 690 
learning and, 85 4f 
m neonates, 855 
rate of, 1367f 

as related, to educational attain- 
ment of infant’s parents, 1370 
to weight of subject, 1370 
and response to olfactory stimuli, 
855 

resting heart rate and, 1370 
-sensitization, 630 
sex differences m, 344 
significance of, 341 
smiling and, 1370 
sucking and, 855 
vocalizing and, 1370 
Habituation phase, discriminant 
analysis of, 1372 
Haeckel’s phylogenetic law, 7 
Halo-effect m judgment, 1230ff 
Handicapped children, improve- 
ment in behavior problem of, 
683 

Haptic Visual Matching Test, 1301, 
1310 

Hardy-Wemberg equilibrium, 50 
Harpenden Growth Study, 94, 97, 
99 

Harvard University, 1061 
Harvard Growth Study, 1169, 1174 
Haskins Laboratories, 811, 1137 
Head length and width, adolescent 
growth spurt and, 84 
Head-turning, rate of, and condition- 
ing, 856 

Head-turn responses in neonate, 

85 3f 

Health, IQ and, 1176 
Hearing, clinical tests of, 319 
sense of, m fetus, 528ff 
Heart, changes in, at puberty, 98 
development of, in embryo, 159, 
187ff 

early contractions of, 159 
Heartbeat m fetus, 5 12, 526 
beginning of, 505 
Heart disease, congenital, 187 
Heart rate, 209ff 
age and sex norms for, 21 4f 
as measure of attention, 293 
causes of changes m, 209 
habituation and, 1370 
in infant, 213ff, 289 
physical growth and, 292f 
uses pf, 292f 

Heart weight, at birth, m relation to 
body weight, 189 

Hebb theory of perceptual develop- 
ment, 827f 

Hebb-Wilhams maze, 570, 584, 589, 
593, 624 

Height, and age, 77ff, 84 
correlation coefficients of, 
between parent and child, 

136f 

decrease of, during day, 79 
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disease and, 140 
individual differences and, 290 
IQ and, 105,110 
measurement of, 84, 98, 100 
number of siblings and, 110 
predicted, of adult, 109 
secular trend of, 145 
sex differences and, 84 
social mobility and, 143f 
standards for, m growth, 83 
Height age, 105 
Height curves, 84 
Height growth, 88 
cessation of, 86 
secular trend in, 144f 
Height standards, for growth rate, 
83 

Hematocrit, as measure for red 
cells, 166 

Hematology, m physiological 
development, 163ff 
Hematopoiesis, extramedullary, 
164 

hepatic penod in, 164 
mesoblastic period m, 164 
myeloid penod of, 164 
sites of, 164 
thymus and, 164 
Hemoglobin, at adolescence, sex 
differences and, 96 
ammo acids in, 165 
estimate of, in average red cell, 
166 

differences between fetal and 
adult, 93, 167 
in erythrocyte, 165 
fetal, amount of, and prematur- 
ity, 167 
iron in, 165 
mean corpuscular, 166 
muscle, in fetus and neonate, 
167 

neonatal, and dehydration, 169 
red cells and, 165 
Hemorrhage, susceptibility of in- 
fant to, during labor, 190 
Hen’s egg, embryological studies 
of, 459ff 

Herachtian flux, 752 
Hereditary diseases, behavioral 
development and, 451 
Hereditary factors, and fantasy, 
1262 

Heredity, activity and, 55f 
aggressiveness and, 55f 
alcohol preference and, 55f 
audiogenic seizure susceptibility 
and, 56 

color vision and, 45 
developmental patterns and, 68 
dominance and, 55 
effects of long-term rearing 
conditions and, 69 
environment and, interaction of, 
133f, 774 
geotaxis and, 56 
hoarding and, 55 
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intelligence and, 51, 1171, 1186ff, 
1 190ff 

learning and, 55 
mental retardation and, 45 f 
personality traits and, 52 
phototaxis and, 56 
psychosis and, 53 
sex drive and, 56 
sexual behavior and, 55 
see also Genetics 
Hentability, 48 
“realized,” 56 
Heterochrony, 13 Of 
effect of, on behavior of geese, 

131 

Heterosis, 626 

Heterozygotes, detecting, for 
phenylketonuria, 59 
Heterozygosity, 39f 
Hetzer-Wolf baby tests, 606 
Heuristic potency, 768 
Hiccup, fetal, 504 
Hierarchical thought structures, 

1291 

Hierarchic integration, 828, 1278ff, 
see also Differentiation 
Hippocrates, 459 
Histogenesis, 90 
Histotrophic nutrition, 158 
Hoarding, heredity and, 55 
Holophrastic speech, 1074 
as predication, 1076 
Homeorhesis, 126, 710, 712 
Homeostasis, 126 
Homozygosity, 39f, 54 
Hookworm, physical growth and, 
140 

Horizontal-vertical illusion, 779, 

805 

Hormone(s), adrenal, 113f 
“adrenarche,” 117 
adrenocortical, 117 
adrenocorticotrophic (ACTH), 

112, 116f 

endocrine secretions from, 112 
fetus growth and, 113f 
folhcle-stimulating, 112, 116 
gonadal, sexual differentiation 
and, 1 14ff 

and gonadal implantation, 162 
gonadotrophic, at puberty, 116 
growth, 114, 116 
luteinizing, 112, 115f 
source of, 112ff 

thyroid, and brain development, 
113 

thyroid-stimulating, 11 2f, 116 
Hospitalization, deprivation and, 

632 

Hostility, anxiety and, 1351 
Hue differences, sensitivity to, 793 
Hulhan theory of learning, 67 Iff, 

681 

Hull-Spence learning thecry, 667ff, 
679, 686 

Human growth curve(s), 77ff 
decimal age and, 89 


of height, 77ff, 84 
measurements and methods for, 
88f 

phase-differences in, 82 
in postadolescence, 86 
as a primate characteristic, 87f 
sex differences and, 84 
types of data for, 80ff 
of various tissues and parts of 
body, 84ff 

Human infancy, 287ff 
effect of environment m, 288f 
evoked potentials m, 292 
general theoretical issues of, 288ff 
physical growth in, 29ff 
physiological measures m study of, 
29f 

physique in, and behavior, 291 
sensation m, 289 
see also Infancy, Infant(s), and 
Neonate 

Hunger, sucking rate and, 3 3 If 
Hunger contractions, m dogs and 
newborn children, 503 
Hunger drive, 503 
Huntington’s chorea, 42 
timing of gene action and, 61 
Husbandry conditions, behavioral 
changes and, 587 
Hydra, behavioral studies of, 567 
Hydroxyandrosterone, 114 
Hyperbilirubinemia, 165 
Hyperlogical stage of ontogenesis, 
739 

Hypertension, predictability of, 203 
Hypothalmus, development of, 113 
Hypothesis generation and cognitive 
controls, 1293f, 1304ff 
Hypothyroidism, physical growth 
and, 116 

Hypoxia, erythropoietin and, 165 

Icterus neonatorum, 165 
Ideational control over behavior, 
development of, 949ff 
Ideational fluency, as a factor m 
divergent thinking, 121 3ff 
Ideational possibilities, generating 
of, 1240ff 

Identification, as an early onto- 
genetic predication of judg- 
ment, 760 

Identities, and differentiation, 571 
Identity judgment, 755 
Idiocy, amaurotic, 60 
phenylpyruvic, 42, 58 
Ikomc mode, in cognitive growth, 
1291f 

in development of symbolic 
functions, 948ff 
Ikomc representation, 1390ff 
Illinois, University of, Arithmetic 
Project, 1409 

Illinois Test of Psycholinguists 
Abilities, 1191, 1431ff 
Illusion(s), 723, 779ff, 804ff 
bent stick, 1429 


Delbouef, 804, 806 
development of susceptibility 
to, 804f 

general law for plane primary, 
718 

geometrical, empiricist interpre- 
tation of, 779 

horizontal-vertical, 779, 805 
intelligence and, 806 
magnitude of, and IQ, 806 
Muller-Lyer, 779, 804, 806 
Oppel-Kundt, 805 
parallel lines, 804 
perspective, 805 
Poggendorf, 805 
Ponzo, 779, 805 
Sander parallelogram, 779, 805 
Image(s), 718, 946ff 
anticipatory, 718 
graphic, 717 
memory, 719 
mental, 717ff 
reproductive, 718f 
Imagery, 674, 705,709,711, 
717ff, 722, 730, 745, 817f, 
942, 946ff, 962 
dream, 745 
eidetic, 817f 
hypnogogic, 745 
visual experience and, 791 
Imaginative play, 1258ff 
Imago, 452 

Imitation, 676ff, 709, 711, 717f, 
949, 956 
analysis of, 675 

as a basic mechanism of learning, 
676 

deferred, 709, 717, 722, 946, 
956 

and failure, 916 
graphic, 722 

interionzed, 709, 717f, 946 
language development and, 
1102ff, 1114 
motor techniques of, 7 1 1 
of parental choices, 916 
through action, 709 
see also Modeling 
Imitative aggression, 917 
Imitative choices, effects of 
success on, 916 
Imitative depiction, 753 
Immunoglobms, 176f, see also 
Antibodies 
Immunology, 175ff 
Impelling function, 953 
Implantation, 89, 158 
gonadal hormones and, 162 
“Important” (as term), definition 
of, 566 

m connection with effects of 
early experience, 566 
operational meaning of, 566 
Schaefer’s dimensions of, 566 
Impression Formation Task, 
Gollin’s, 1290 

Imprinting, 6, 22, 25 ff, 464f, 
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571, 599ff, 677 
as a learning process, 28 
aspects of, 600 
m birds, 465 

compared with learning, 25 
critical period m, 24ff, 600, 620 
development of social attach- 
ments and, 620ff 
effect, of drugs on, 25f 
of punishment on, 26 
fear as response in, 25 
law of effort m, 26 
primacy versus recency in, 26 
reinforcement in, 22 
smiling behavior and, 27 
Impulses, afferent, 742 
Impulsmty-reflectmty, 1424f 
Inbred strains, 54f 
Inbreeding, 54f 

Incentive, discrimination learning 
and, 874ff 

Incentive effects in probability 
learning, 896ff 
Incidental learning, 909ff 
creativity and, 1248ff 
developmental differences and, 
909ff 

increased motivation and, 911 
and intentional learning, 911 
Incidental Learning Test, 1301 
Indecisiveness, and associative 
responding, 1242 

Individual development, guiding of, 
1403 

Individual differences, 332, 1388, 
1396, 1444 
in attention, 1422 
in cognition, 1273, 1275, 1342 
m conceptual behavior, 1436ff 
in connection with, behavioral 
tempo and control, 1425f 
with teacher functions, 1396 
education and, 1388 
infant studies and, 29 6f, 306, 324 
in intelligence, 919, 1171 
in language development, 143 Iff 
in learning, 1436ff, 1444 
m perception, 802ff, 806f, 1428f 
play patterns and, 328 
Individuating maturation, 574 
Individuation, 746 
Inducer(s), in gene action, 62 
specific, 707 

Induction factor, Guilford’s, 1304 
Inductive reasoning, 1312 
Industrial psychology, 688 
Infancy, attention m, 1298 
and early experience, 287ff 
see also Human infancy, Infant(s), 
and Neonate 

Infant(s), direct observation of, 295 
film use in study of, 295f 
intelligence studies of, 303, 
H68ff 

measures of, 289ff 
measures of attention in, 1367, 
1369, 1373f 


mental structures of, 298 
methods for study of, 297ff, 345f 
neurological studies of, 307 
observation of, as measure of 
behavior, 297 
personality of, 296 
quieting in, 294 
reflexes m, 294, 31 Iff 
response of, to novelty, 340 
sources of mformation about, 
298ff 

use, of stabilometer m study of, 
295 

of television m study of, 296 
Infant activity, significance of, 296 
Infant Behavior Record, 1169f 
Infant intelligence tests, 1168ff 
Infant state, problem of, 293 
Infant personality, early individual 
differences in, 308ff 
Infant responses, methods for study 
of, 289ff 

Infant Scale of Motor Development, 
1168 

Infant study method(s), 289ff, 346 
behavioral measures m, 294ff, 

303 

cross-cultural, 311 
ethological, 310 
growth measurements in, 290f 
laboratory, 309ff 
longitudinal, 308 
normative behavioral, 303ff 
physiological measures in, 29 Iff 
retrospective, 31 Of 
Infant testing, 303ff 
of intelligence, 303 
longitudinal, 303ff 
of mental development, 303 
standardization m, 303 
values and limitations of, 307 
Inference, and stimulus-response 
analysis, 666, 673ff 
attempts to model, 67 Off 
and verbal mediation, 673 
Inflections, emergence of, in 

language development, 1099ff 
Information correspondence, 948f 
Information processing, 13X7, 1319 
Information theory, 946 
metric, 784 

Ingestion, as a fundamental form of 
behavior, 454 
Inhibition, 334 
internal, 627 

Inhibiting function, 953ff 
Inhibitory processes, 627 
Initial teaching alphabet (ITA), 
1420 

Initiating function, 953 
Injection procedures, behavioral 
changes and, 582 
Innate behavior, Iff 
characteristics of, 3f 
defined, 3 

effects of environment on, 2 
elements of, 5 


functions of, 5ff 
m man, 19ff 
mechanisms of, 5ff 
ontogenesis of, 3f 
versus learned behavior, 5f 
see also Behavior patterns, 

Fixed action patterns 
Innate releasing mechanism (IRM), 
8 

increase in selectivity of, 24 
Inquiry Method, 1412 
Inquiry training, as approach to 
instruction, 1439f 
Insemination age, 495 
Insight, trial and error versus, 
959ff 

Inspection behaviors, 1441 
Instmct(s), 3, 659, 704, 712 
Instinctive behavior, elements of, 

5 

flexibility of, 1 1 
see also Innate behavior. 
Instinctual responses 
Instinctual responses, 620 
Institutionalization, 307 
effects of, on social behavior, 
621 

and intellectual development, 
607 

and perceptual development, 

791 

positive effects of, 614f 
and rearing, 567 
and restriction of experience, 
613 

of retardates, 615 
Instruction, 21ff 
of autistic children, 1442 
computer-assisted, 1441 
conditions of, 140 Iff 
discovery method in, 1439f 
guided discovery program m, 
1440 

individualized, 1404 
inquiry training as approach to, 
1439f 

predesigmng, 1441 
programmed, 683, 1440 
rule and example as approach 
to, 1440 

theory of, 1392ff 
see also Cognitive development, 
Education, Educational 
development, and Learning 
Instructional functions, 1401ff 
Instrumental conceptualism, 
1389ff 

natmsm and, 1391 
Instrumental conditioning, 677 
Instrumental learning, 324, 575, 
630, 666, 713 

Integration, complexity of, 1285ff 
effectiveness of (Witkin’s), 

1285f 

hierarchic, 829 
progressive hierarchic, 735 
sensory, 828 
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Intellective Processes, Fourth Con- 
ference on, 1068 
Intellectual abilities, ethnic-racial 
subcultures and, 1374 
socioeconomic status and, 1374 
Intellectual ability and personality, 
canonical correlation m 
longitudinal studies of, 1370 
Intellectual functioning, 612 
Intelligence, 568, 709, 719f, 723, 
1406ff 

abstract mental processes and, 
1168, 1171f 
adaptation of, 703 
bases for theories of, 1170ff 
behavioral theory of, 1172 
and concept learning, 901f 
and creativity, 1212ff 
definition of, 1163 
development of, 703f, 706, 709, 
719f 

environmental effects on, 1164, 
1176f, 1189 

evidence from longitudinal 
studies of, 1172f 
genetics and, 1164, 1169, 1171 
heredity and, 51 
and impoverishment during 
infancy, 1191 

individual differences m, 919 
language and, 706, 722 
and language development, 1432 
and learning, 91 3f 
and number of siblings, 110 
perception and, 718, 802ff 
period of representative, 711 
physical impoverishment and, 
1189f 

prehngmstic level of, 704 
sensorimotor level of, 704f, 709 
theories of, 1163ff 
verbal ability and, 1168 
see also IQ, Mental ability , Mental 
development, and Test(s) 
Intelligence studies of infant, 303, 
1168ff 

Intelligence testing, 688, 913, 1 163 
1166ff, 1406ff, 1437 
captive audience m, 1173 
cluster method of analyzing m, 
1184 

cognition and, 1178ff 
convergent thinking and, 1178f 
cross-sectional data and, 1173 
cross-validation m, 1173 
crystallized factors in, 1184 
developmental age and, 1169 
fluid factors in, 1184 
second-order factors in, 1215 
specific factors in, 1215 
see also Intelligence, IQ, Intelli- 
gence tests. Mental ability, 
Test(s) 

Intelligence tests, group, 1170 
individual, 1167ff 
infant, 1168ff 
reliability of, 1166 


socioeconomic status and, 1437 
standards for, 1166 
“valid” measures of, 1166 
see also Test(s) 

Intentional and incidental learning, 
relation between, 911 
Intention movements, 9 
Intentions, 731 
Interaction(s), 703, 741ff 
content of, 742 
of dependent variables, 1367 
differentiation of primitive, 744 
form of, 742 
mtermodal, 801f 
as origin of knowledge, 704, 713f 
and psychological environment, 
743 

sensory, 796ff 
social, 720 

Interaction uncertainty, 949 
Interference, susceptibility to, 1296 
Interference theory, 1302f 
Intermodal interactions, 801f 
Internal inhibition, 627 
International Biological Program, 
88f 

International Center of Genetic 
Epistemology, 715, 731 
International Children’s Center, 88, 
125 

International Children’s Center 
Studies, 89 
Interpretation, 709 
Interspecies rearing, 588 
Interstitial fluids, 163 
Interstrain rearing, 588 
Intervillous space, 159 
Intrasensory differentiation, 828 
Intraspecies aggression, 19 
Intraspecies communication, see 
Ritualized behavior, Expres- 
sive behavior 

Intrinsic reinforcement, 1423 
Introspection, 657 
creativity and, 1240ff 
Introspectiomsm, 689 
Introspective sensitivity, fantasy 
and, 1260ff 
Intuition(s), 731 
diffuse perceptual, 755f 
perceptual, 755f, 761ff 
and sensontomc theory, 761 
of space, 762f 
syncresis and, 761 

Intuitive stage in development, 947, 
958ff 

Invention, and cognitive develop- 
ment, 714 

Iowa Child Welfare Research 
Station, 616 

Iowa Tests of Educational Develop- 
ment, 1228ff 
IQ, 783, 913, 1041, 1167 
behavior of child and, 1194ff 
of children attending nursery 
school, 616f 

chronological age and, 1167 


“constant,” 1173, 1190 
correlation of, m twins, 1186 
deviations m, 1167f 
environment and, 1172, 1187ff 
ethnic and social class differ- 
ences and, 1188f 
genetic impairments and, 1 190ff 
and height, correlation of, 110 
heredity and, 1171, 1186ff, 
1190ff 

and illusion magnitude, 806 
individual differences m, 1171 
individual growth patterns and, 
1174 

and learning sets, 88Qf 
longitudinal studies of, 1172ff 
maternal behavior and, 1192 
in relation to health, 1176 
to parental education, 1187ff 
role of emotions, attitudes, and 
drives m, 1192ff 
sex differences and, 1181ff, 
1186, 1192ff, 1200 
and sibling comparison, 1186ff 
and socioeconomic status, 1429 
verbal subscales and, 1168 
see also Intelligence, Intelligence 
testmg, and Mental ability, 
Test(s) 

Iron, in hemoglobin, 165 
Isolation, m adulthood, 602 
early, and temperament, 596 
effects of, on behavior, 596, 602 
in play, 682 
social, m dogs, 600ff 

Jaundice, neonatal, 165 
Judgment(s), conservation, 755 
identity, 755 
halo-effect m, 1230ff 

Kangaroo, fetal, 470 
Kibbutz(im), studies of children 
in, 622 

Kinesthetic feedback, 579 
Kinesthetic senses, 521 
Kittens, development of, 713 
Klinefelter’s syndrome, 46 
and skeletal maturity, 109 
Knee jerk reflex, in human fetus, 
513 

Knowledge, 704, 731 
contemplative, 743 
logicomathematical, 721 
origin of, 706, 713f 
Knox cube test, 607 
Kohs Blocks test, 1338f, 1342 
Kxeisler condition, 6 If 
Kuhlmann-Anderson IQ, 913 
Kuhlmann-Bmet test, 1168 
Kwashiokor, 291 

Lability, 631,755 
Lamarkian theory of evolution, 
536 

Language, 326, 711, 717, 730f, 
1430ff 
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as a construct of intelligence, 706, 
111 

behavior and, 690 
and learning, 919 
perception of, 81 Iff 
and thought, relation between, 

721 

see also Language acquisition, 
Language development 

Language acquisition, 711, 106 Iff 
as a consequence of cognitive 
development, 1129 
Berkeley cross-cultural project in, 
1070 

contextual generalization in, 

1084f 

differentiation and generic classifi- 
cation m, 1085 
methods of study of, 1064ff 
phonology and, 1130ff 
predication m, 1064 
problem of abstraction and, 1086f 
semantic development and, 

1119ff 

theories of, and early speech, 

107 Off 

see also Language development, 
Linguistics, Semantics, and 
Speech 

Language acquisition device 
(LADO), 1087f 

Language development, 722, 1061ff, 
1430f 

a general condition for learning 
transformations m, 1117ff 
and adult “modeling,” 1433 
appearance of verbs m, 1 107ff 
cognitive, 1379ff 
competence versus performance 
in, 1139ff 

emergence of inflections in, 

1099ff 

ethnicity and, 1438 
and exchange of information 
among children, 1128f 
facilitation of, 1433 
finite-state grammars and, 114 Iff 
mutation and, 1102ff, 1114 
individual differences in, 143 Iff 
and intelligence, 1432 
lateralization and, 1136ff 
negation in, 1109ff 
phonological, 1138, 1431 
and phonological competence, 
1431 

phrase-structure rules and, 1144ff 
questions and, 111 Iff 
role of adult speech in, 1114ff 
and semantic competence, 1431 
and socioeconomic status, 1432 
syntactic, 1431 

and syntactic competence, 1431 
see also Language acquisition. 
Linguistics, Semantics, and 
Speech 

Language dialogues with young 
children, 107 Iff 


Language functions, conditioning 
and, 856 

Language transformations, acquisi- 
tion of, 1099ff 

Larval development, 452 

Lashley’s principle of mass action, 
597 

Lashley III maze, 581 

Lateral dommance, reading ability 
and, 796 

Laterality, and sensitivity, 795f 

Lateralization, and language devel- 
opment, 1136ff 

Learned associations, synthesis of, 
963ff 

Learned behavior. Iff 
innate behavior versus, 5f 

Learner, prompting and guiding of, 
as an educational function, 
1403 

stimulation of, as an educational 
function, 1402 

Learner goals, as an instructional 
function, 1402 

Learning, 1, 322f, 324f, 334, 463, 
534ff, 714f, 849ff 
accommodation and, 327 
acquisition of specific procedures 
through, 710 

age-related improvements in, 1434 
assessment of cumulative, 1403ff 
assimilation and, 327 
attention and, 328, 334 
basic research on, 669 
cognition and, 327f 
concept, see Concept learning 
and conceptual competencies, 
1433ff 

consequences of response and, 

919 

controversies concerning, 325f 
and development, relation 
between, 713ff 

discrimination, see Discrimination 
learning 

distinctive feature, 825 
early, 570, 594 

effects of verbal mediation on, 906f 
ethnic-related deifferences in, 1437 
expectancy and, 326 
exploration and, 1392 
under external reinforcement, 714 
feedback and, 1393 
habituation and, 854f 
heredity and, 55 
hierarchichal model, 1397 
historical background of study of, 
849ff 

Hullian theory of, 67 Iff, 713 
incidental, see Incidental learning 
individual differences in, 143 6ff, 
1444 

innate behavior versus, 5f 
instrumental, 324, 575, 630, 666, 
713 

and intelligence, 91 3f 
interrelations in, 91 Iff 


language and, 326, 919 
on a Lashley III maze, 581 
laws of classroom, 668 
mathematical modeling m study 
of, 669 

mediation and, 906ff 
mediation theory in, 67 Off 
motivation and, 919 
“no-trial,” 677 

observational, see Observational 
learning 

observation and, 327 
oddity, see Oddity learning 
operant, 324, 575, 630, 716, 
1442 

and organization of knowledge 
to be acquired, 1392 
paired-associate, see Paired- 
associate learning 
pentobarbitol and, 580 
perception and, 326 
perceptual, 570, 718, 824ff, 
1417, 1427, 1429f 
personality characteristics and, 
919 

phylogenetic acquisition of, 6 
prenatal, 4 

preschool curricula and, 1438 
probability, see Probability 
learning 

procedures for studying, 667 
proficiency in, 1434 
programmed, 665, 685 
prototypes and, 825 
reasoning versus, 963ff 
reinforcement and, 1394 
reviews of research on particular 
topics of, 85 1 
RNA and, 597 
role of nonrote processes in, 
1434 

salient features of children's, 
919 

and sequencing of material, 
1393ff 

serial, 1434, 1437 

social variables and, 919 

socioeconomic status and, 1437 

sodium barbitol and, 580 

successful, 1434 

sucking and, 334, 337 

as a survival-achieving function, 

6 

tactics for, 1435 
theory-directed analysis of, 
667ff 

tradition of theory of, and child 
psychology, 657ff 
transposition of stimuli and, 
882ff 

trial-and-error, 677,952 
types of, 575, 1397ff, 1433f 
verbal, see Verbal learning 
vicarious, 95 6 
X-irradiation and, 581 
see also Behavior, learned, 
Behavior development, 
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Cognitive development. 
Conditioning, Education, 
Educational development, 
Imprinting, and Instruction 
Learning ability, mode of delivery 
and, 592 

two-process theory of, 1437f 
Learning emphasis, a, 1396ff 
Learning experiments, age shifts in, 

67 Iff 

Learning model, a cumulative, 1396ff 
Learning proficiency, 1434 
Learning set(s), 670, 677, 879ff, 
1417f 

culturally deprived children and, 
880 

motivational differences and rate 
of development of, 880f 
studies of IQ and MA m develop- 
ment of, 880f 

Learning theory, cumulative, need 
of transfer component m, 
1398ff 

impact of, 66Qff 
tradition of, 658, 685 
“Learning theory point of view,” 
665,671,674, 685 
Learning theory tradition, 686 
and behaviorism, 686 
Learning transformations, m 

language development, 1117ff 
Leeper-Young controversy, 574 
Leerlaufreaktion, 10 
Legy Movement Blots, 1260 
Length concept, 1017 
Letter clusters, 1417 
Letter discrimination, 1417 
Letters, confusability of, 1417 
Leukocytes, 163ff, 17 Iff, see also 
White cells 

Leveling-sharpening, see cognitive 
controls and styles 
Leydig cells, 98, 115f 
Ley dig cell secretion, action of, on 
brain, 115 

and secretion of chonamc gonado- 
trophin m early pregnancy, 

115 

and testosterone, 115 
Linear perspective, and perceptual 
development, 777f 
Linguistic abstraction, recursiveness 
and, l!43f 

Linguistic capacities, 1086f 
Linguistic codes, restricted and 
elaborated, 1432 
Linguistic competence, 1389 
Linguistic development, general 
versus particular analyses in, 
1064ff 

Linguistics, 729 
differentiation of distinctive 
features in, 1132ff 
see also Language, Language 
development. Language 
acquisition, and Speech 
Linguistic tests, 1065ff 


Linguistic umversal(s), 1063, 1086f 
strong, 1064 
weak, 1064 
Linkage of alleles, 44 
Listening, selective, 821f 
studies of, 82 If 
“Little Hans,” 569 
Liver, embryonic, 160 
hemopoiesis and, 164 
“Local sign” in tactual perception 
of space in fetal animals, 517 
Locomotion, studies of, 315 
Locus of gene pair on chromosome, 
43 

Logic, 706, 715, 720, 729 
of propositions, 720 
symbolic, 729 
Logical concepts, 99 Iff 
Logical multiplication, process of, 
1419 

Logical positivism, 661 
Logical stage of ontogenesis, 739 
Logicomathematical aspects of 
structures, 726ff 

Logicomathematical constructions, 
m cognitive development, 

706, 709, 732 

Logicomathematical experience, 
cognitive development and, 
721, 724 

London University Institute of 
Child Health, Department of 
Growth and Development, 82 
Long-term change, dialectical for- 
mulation of, 734 

Lorge-Thomdike Intelligence Test, 
913, 1226ff 
LSD, 744 

fetal development and, 491 
Lung capacity, 222ff 
Luteinizing hormone, 112, 115f 
Lymphocytes, 164ff, 17 Iff 
Lymphoid tissue, 164ff 
physical growth and, 85 

Make-a-Picture-Story (MAPS), 
Schneidman’s, 1290 
Malaria, physical growth and, 140 
Malnutrition, 291 
brain development and, 123f 
cognitive growth and, 291 
intellectual development and, 291 
of mother, 586 
physical growth and, 127ff 
Mammal, prenatal behavior in 
mfrahuman, 465ff 
Mandible, and adolescent growth 
spurt, 84 

Manifest Anxiety Scale, Children’s, 
1337 

Marasmic children, 604 
Marasmus, 569, 604 
Marsupials, behavioral studies of, 
468ff 

Maryland, University of, Mathema- 
tics Project, 14Q9f 
Maskmg, 793 


Mass action, Lashley’s principle 
of, 597 

Matching Familiar Figures Test, 
1301, 1309ff, 1317, 1426f, 
1428 

Maternal attitudes, 1370 
Maternal behavior, IQ and, 1192 
Maternal circulatory system, 
cardiac output and, 163 
penpheral resistance of, 163 
Maternal deprivation, 25 
Maternal disease, fetal infection 
and, 586 

Maternal emotions, effect of, on 
human fetus, 494 
Maternal impression, as a prenatal 
influence, 579 
Maternal membranes, 466f 
Maternal separation, 605, 608, 

612f, 619, 623f 

Maternal smoking, effect of, 586 
Mathematic abilities, hierarchical 
analysis of, 1410 
Mathematical concepts, 99 Iff 
Mating, assortative, 51 
Mating behavior, single genes and, 
42 

Maturation, 315, 318, 568, 705, 
710, 712, 719f, 722 
dental, 105 

emergent behavior in, 3l5ff 
endocrine glands and, 112ff 
growth gradients and, 132f 
individuating, 574 
physical, and mental ability, 

109ff 

psychological effects of early 
and late, 11 Of 

relationship between measures 
of, 107ff 

shape-age and, 105ff 
skeletal, 104f 

“Maturity points” method for 
assessing skeletal growth, 

105 

Mazes test, 1319 
McGill “bright” and “dull” rat 
strains, 624 

Means-end relationships, 743 
Measles, effect of, on fetal develop- 
ment, 492 

Measurements, anthropometric, 

88f 

multivariate, m developmental 
psychology, 1366ff 
Measurement umt concepts, 1017ff 
Mediation, 690 
and learning, 67Gff, 906ff 
Mediation process, and stimuli, 

820 

Mediation scheme, stimulus- 
response, 668 

“Mediator,” as an internal sym- 
bolic event, 945 
Medical Research Council, 148 
Medusa, 567 
Meiosis, 44 



Memory, 300, 341, 536, 705, 719, 
818 

and recall processes, 1294, 1296, 
1302ff, 1311, 1321 
RNA and, 597 
rote, 912 

in young subjects, 576 
Memory for Digits test, 1 301 
Memory for Sentences test, 1301 
Memory processes, long-term, 1302f 
motivational influences on, 1304 
short-term, 1302 
Menarche, 98, 134 
average age for, 146f 
genetical control and, 134 
secular trend m average age for, 
146f 

m twins and siblings, 134 
Menarcheal age, 107, 496 
systolic pressure m, 202 
Mendel, Gregor, 30, 567 
Mendelian rules and concepts, 39ff 
Menstrual cycles, anovulatory, 99 
Menstruation, see Menarche 
Menstruation age, 496 
Mental ability, of blind and seeing 
children, 1372 
development of, 1 1 63ff 
ethnicity and, 1438 
genetics and, 1164 
G factor as dimension of, 1215 
physical maturation and, 109ff 
socioeconomic background and, 
1187ff 

systemogenesis and, 1165 
see also Intelligence, IQ, Mental 
development, and Test(s) 
Mental activity, global character of 
primitive, 751 

physiognomic mode of, 750 
primitive, 750f 
Mental age, 452, 1167 
Mental and Psychomotor tests, 

1169 

Mental development, comparative, 
748ff 

determiners of, 1186ff 
diffuseness and articulateness in 
stages of, 746f, 751 
direction of, 745ff 
plasticity (flexibility) and stability 
(rigidity) in stages of, 746f, 751 
as related to senses in prenatal 
life, 531ff 
studies in, 303 

Mental Development Index, 1170 
Mental elaborations, 1434 
Mental growth rates, stability and 
change m, 1167, 1173f, 
see also Intelligence, IQ 
Mentalishc psychology, 658 
Mental level, 746ff 
dimensional coordinates for 
determining, 746ff 
form of operation as a factor in 
assessing, 747 

system of action as a factor in 


assessing, 747 

Mental life, fused functions m 
primitive, 750 
transitional acts m, 755ff 
Mentally deficient children, 612 
Mental manipulations, 1434 
Mental organization, age changes m, 
1176f 

developmental aspects of, 1165ff 
factor analysis as a tool for 
studying, 1177ff 
Mental processes, types of, 1436 
Mental retardation, 45f 
heredity and, 45f 
metabolism and, 58ff 
Mental structures of the infant, 298 
Merrih-Palmer Scale, 1178, 1180 
Mernll-Palmer School, 616 
Mesoblastic period in hematopoiesis, 
164 

Metabolism, 229ff, see also Energy 
metabolism 

Metapelet (mother-figure), 622 
Metatheory and epistemology, 661, 
668 

Metazoa, 568 

Metric, information theory, 784 
Metropolitan Reading Readmess 
Test, 1226ff 

Michigan, University of, 1061 
Microgenesis, 738, 740, 749 
Micturition, control of, 124f 
Mill, John Stuart, 747 
Miller Analogies Test, 1 170, 1246 
Mind-body problem, the, 661 
Mmeralocorticoids, 113 
Ministry of Education, London, 124, 
151 

Ministry of Health, London, 91, 

151 

Minnesota, Center for the Study of 
Human Learning at University 
of, 773 

Minnesota Multiphasic Personality 
Inventory, 53 
Model identification, 1347 
Modeling, 956 

m evoking desired responses, 956 
symbols and, 946 
in thinking, 949 

see also Imitation, Observational 
learning 

Modifiability of the developing 
organism, 567 

Mongolism, see Down’s syndrome 
Mongoloid children, 586 
mental scores of institutionalized, 
1191 

Monkeys, affectional system sin, 
602ff 
fetal, 490 

Monocular adjustment, 348f 
Monocytes, 164ff, 17 Iff 
Monomatnc families, 622 
Monoremes, 758 

Monoremic stage of development, 
759f 
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Monosomy, 45 

Monotony, novelty of TAT stones 
and, 1256 

Monozygotic twins, 5 Iff 
Moods, and appetitive behavior, 
9ff, 23 

Moral judgment, 747f 
Moray House group test, 110 
Moro reflex, 313 
Morphogenesis, 90 
Mornsby Shapes test, 1339 
Mosaics, chromosome, 47 
Mother-child relationship, 604 
Mother-figure, consistent, 623 
substitute, 622ff 
Mother-infant interaction, 621 
“Mothering,” 569, 587 
lack of, 605 
multiple, 622 
Motion parallax, 776f 
Motivation, discrimination learning 
and, 874 

as a factor m thinking, 966ff 
and learning, 734, 919 
social, 678 

Motives, and cognitive processes, 
1345ff 

Motor chains, as a kind of learning, 
1397ff 

Motor development, as a guide to 
mental development m early 
years, 124 

Motor responses, conditioning of 
instrumental, 858ff 
Movement (s), in chick embryo, 
461ff 

m duck embryo, 463 
early, in pigeon, 463 
early swimming, in salamander, 
457ff 

experimenter-produced, 598 
eye, 347ff, 358, 524f, 718, 

784f, 822f, 826 
fetal, see Fetal movements, 

Fetal studies 
m fish embryo, 454 
and habituation, 855 
hunger contraction, 503 
passive, 579, 954, 956 
perception of, 351, 810f 
“quickening,” in human 
pregnancy, 488, 500 
relative coordination of, 24 
respiratory, see Breathing 
movements 

self-produced, or active, 598 
uterine, 504 

Movement concepts, 1019ff 
Movement patterns, neurophysiol- 
ogy of, 8, Ilf 

Movement responses, 12,60, see 
also Rorschach responding 
Mozart, 747 

Muller-Lyer illusion, 779, 804 
Muller’s E-effect, 1324 
Multilinear development, Werner’s 
theory of, 1285 
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Multiple correlation, chance and, 
1374 

cricicisms of, 1374f 
replication and, 1374f 
“suppressor” variable in, 1369, 
1371 

Multiple discrimination, as a kind 
of learning, 1397ff 
Multiple factor genetics, see 
Quantitative genetics 
Multiple mothering, 622 
Multiple sensory representation, 

674 

Multiple-set training, 88 Iff 
Multiple variance analysis, 52f 
Multivariate analyses, advantages 
of, 1376 

linear versus nonlinear, 1376 
questions about, 1374f 
versus umvanate analyses, 1375 
weighting in, 1375 
Muscle(s), radiographic measure- 
ments of, 94f 

Muscle development, adolescent < 
growth spurt and, 94f 
sex differences and, 94f, 522 
“Muscle sense,” 521 
Muscular contractions m fetus, 
509ff, 513f 
Mutism, 682 
Myeknization, 314 

and brain development, 122f 
m neural development, 290 
Myeloid stage m hematopoiesis, 

164 

Myoglobin, fetal, 167 
Myopia, degree of, and age, 85 
Myth, 762 

Narcotics, effects of maternal use 
of, 585 

National Academy of Sciences, 235 
National Institute of Child Health 
and Human Development, 

849, 1061, 1366 

National Institute of Mental Health, 
1163 

National Research Council, 565 
National Science Foundation, 1061 
Natmsm, and instrumental con- 
ceptualism, 1391 

versus empiricism, 773, 788, 825f 
and space perception, 773ff 
Negative feedback, in cognitive 
development, 725 
Neobehavionstic formulations, 690 
Neonatal anemia, causes of, 169f 
Neonatal conditioning, 852ff 
Neonatal hemoglobin, dehydration 
and, 168 

Neonatal mortality, causes of, 187 
Neonate, antibodies m, 177ff 
body temperature m, 237 ff 
cardiac disease in, 187 
cerebral metabolic rate in, 190 
EKG of, 206ff 
general activity in, 294 


habituation in, 855 
individual variations m responses 
in, 292 

jaundice m, 165 
learned differentiation of 
stimuli by, 853f 
metabolism of, 23 Iff 
reactions of, to antigens, 179 
reversal of responses to positive 
and negative stimuli by, 853 
waking EEG and, 246f 
see also Babies, Human infancy, 
Infancy, and Infant 
Nervous system, birth and, 93 
maturation of, 93 
Neurological bases of fixed action 
patterns, 8 

Neurological studies of infant, 307 
Neurology, 314, 347 
Neurons, 720 
spinal motor, 568 
Neurophysiological approach to 
perceptual development, 828 
Neurophysiological evidence for 
fixed action patterns, 8 
Neurophysiological evidence for 
hierarchical organization of 
behavior, lOff 

Neurophysiological studies of 
behavior, Ilf 
Neurophysiology, 24 Iff 

of movement patterns, 8, Ilf 
Neutrophils, 17 Iff 
New-born, maternal control of 
size of, 92 
micturition in, 124 
Nonaddive variance, 49 
Nonauditory labyrinth, receptors 
in, 523ff 

Nondisjunction in gamete forma- 
tion, 45 

mongolism and, 45f 
Nonnutritive sucking, 335ff 
theoretical controversies con- 
cerning, 337 
Normoblast, 165ff 
North Carolina, University of, 

1366 

Notions, see Concept(s) 

“No-trial” learning, 677 
Novel stimulus, 1367 
Novelty, response of infant to, 340 
Nuffield Foundation, 148 
Number, conservation of, 1002ff 
Number concepts, Piaget’s original 
studies of, 100 Iff 
recent Genevan research on, 
1003ff 

Nutrition, effects of, in infant, 

29 Of 

histotrophic, 158 
physical growth and, 139f 
trophoblastic, 158 
Nutritional deficiencies, maternal, 
and fetal development, 586 

Object and subject, relation 


between, 703ff 
Object sortmg, 1282ff, 1292, 

1307f 

and conceptual differentiation, 
1282f 

observation, 327 
Observational learning, 677, 

914ff, 956 

variables influencing, 915ff 
verbalization and, 915 
see also Imitation, Modeling 
Observing response, 1422f 
Occupational achievement, and 
the remote associates test, 
1246ff 

Oddity learning, 8 8 If 
age differences and, 881 
and similarity of stimuli, 88 If 
stress and, 881f 
Olfaction, 321, 795 
Olfactory cues, effects of early 
exposure to particular, 592 
Olfactory stimuli, 342 
response to, and habituation, 

855 

Oligophrenia, phenylpyruvic, 58 
Omphalomesenteric arteries, 159 
“Onomastic” representation m 
development of symbolic 
functions, 948 
Onomatopoesis, 754 
Ontario Alcohol and Drug Addic- 
tion Research Foundation, 565 
Ontario Institute for Studies m 
Education, 939 
Ontogenesis, 738ff, 748, 763 
of reference, 752 
stages of, 739 
“Ontogenetic zero,” 450 
Operant analysis, 666, 678, 681 
Operant conditioning, 677, 680ff, 
711, 856ff, 867f 
versus classical conditioning, 

856 

procedural flexibility in 
paradigm of, 680f 
see also Operant learning 
Operant control of infant social 
behavior, 857 

Operant learning, 324, 575, 630 
with external reinforcement, 

716 

see also Operant conditioning 
Operon model of gene action, 

61f 

Opossum, 452, 469, 523 
early responses in, 469ff 
Oppel-Kundt illusion, 805 
“Optional shift” technique, 888 
Optokinetic responses, 525, 810 
Oral drive, 618 

Organic senses, in human prenatal 
life, 525ff 

Organismic analysis of develop- 
ment, 735ff 

means-ends relationships in, 

736 



Orgamsmic factors m concept de- 
velopment, 1040ff 
Orgamsm-Umwelt relationships, 743 
Orgamzation, as a dimension of 
development, 633, 738 
Orgamzational stability, 733 
Organogenesis, period of, 158 
Onentation(s), 8f, 565, 690 
experimental-predictive, 565 
filter model for, 825 
habituation of initial, 690 
m human young and young of 
vanous lower species, 576 
m infant, 320 
normative-descriptive, 565 
of stimuli, 799f 
Orienting activity, and motor 
pattern, 690 

Orienting function, 953ff 
Onentmg-investigatory behavior, 
659, 672, 689 

Orienting reflex, 339, 659, 689, 
1422f 

Orienting responses, 324, 334, 339, 
341, 954 

Originality, divergent thinking, 
1213ff 

Orphanage children, 606ff, 613 
Orthogenes, 734f 
applied to mental development, 
734 

Orthogenetic law, 665 
Orthogenetic principle, Werner’s, 
1284, 1341 

OsciUometric method for measuring 
blood pressure, 195ff 
Otis Mental Ability Tests, 9ff 
Overtraining, 672 
effects of, on reversal learning, 
889ff 

Oviparous species, fertilization in, 
452 

Ovoviviparous organisms, fertiliza- 
tion in, 452 
Ovulation age, 495 
Oxygen, in fetus, 227ff 

Pacification, sucking and, 338f 
Pam, sensitivity to, in fetus, 521 
Paired-associate learning, 902ff, 
1434f, 1437 

affective factors in, 905f 
and effects of associative strength 
of stimulus-response elements, 
903f 

effects of mediation on, 906f 
and mode of presentation of 
items, 904f 

response transfer and, 909 
and verbal elaboration, 1435 
and visual content of response 
items, 907 

Paired associates, 912 
Palpation technique for measuring 
blood pressure, 195 
Parallax, binocular, 77 6 
motion, 776f 


Parallel lines illusion, 804 
Paramecia, behavioral studies of, 

567 

Parental Attitudes Research Instru- 
ment, 1289 

Parental education, habituation and, 
1370 

Parent-child resemblance, 51 
Parturition, 467 
Passive movement, 954, 956 
Passivity, and anxiety, 1351 
Pathogenesis, 738, 740, 763 
Peabody College, 1190 
Peabody Picture Vocabulary Test, 
1191, 1230ff 

Peer rejection, anxiety and, 1351 
Pelvis, shape of, and sex differences, 
102 

Penis, growth of, 97f 
Pentobarbitol, learning and, 580 
Perception, 326, 704f, 717f, 731, 
773ff, 1427ff 
of body image, 796ff 
of brightness, 350 
cognition and personality m, 

806ff 

of color, 35 Of 
of complex events, 809ff 
depth, 774ff 

development of, 516f£, 740, 

773ff, 779ff, 792 ff, 804f, 
809ff , see also Perceptual 
development 
differentiated, 744 
effects of early experience on, 
788ff 

of environment, 744 
and field dependence, 807f 
genetic theory of, 481 
Gestalt view of, 782 
in human prenatal life, 516ff 
illusions and, 779ff, 804f 
♦ of imbedded figures, 782 
of mcomplete figures, 783f 
* and individual differences, 802ff 
and institutionalization, 791 
and intelligence, 718, 802ff 
intuitive, and the sensontomc 
theory, 761 
language, 81 Iff 
linear perspective and, 777f 
maintenance of, 820ff 
of movement, 351, 81 Of 
of orientation of stimuli, 799f 
part-whole mdentifications and, 
782 

^lective aspects of, 824 

and sensitivity m children, 792ff 

shape, 780ff, 784ff 

space, 773ff 

tactual, of shape, 787f 

texture gradient and, 777 

visual, 35 Off 

Perception-personality relationships, 

806ff 

Perceptmsm, 743f 
Perceptual activity, 827 
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and age, 718 
“relating” as a, 7 37 
Perceptual competence, individual 
differences in, I428f 
Perceptual constancy, 359, 774, 
802 

Perceptual curiosity, 967 
Perceptual decentration, 1419 
Perceptual development, 1430 
augmenting of, 1429ff 
neurophysiological approach to, 
828 

and personality, 806ff 
theories of, 826ff 
see also Perception, development 
of 

Perceptual differentiation, 571 
Perceptual functionmg, 1285, 

1291 

studies of individual differences 
m, 806f 

Perceptual illusion, 123, see also 
Illusion(s) 

Perceptual mtmtion(s), 755f, 761ff 
Perceptual learning, 570, 1417, 
1427 

age and, 718 

see also Perception, develop- 
ment of, Perceptual develop- 
ment 

Perceptual-motor behavior, devel- 
opment of, 828 
mtrasensory differentiation in, 
828 

parallels m primitive, 756 
proprioception in, 828 
sensory integration in, 828 
teloreceptive systems in, 828 
Perceptual responses, mediating 
process for, 820 
Perinatal anoxia, 307 
Peristaltic movements, in fetus, 

503 

Permanence, as a prerequisite for 
conceptual construction, 

754f 

Personality, and cognition in per- 
ceptual development, 806ff 
early individual differences in, 
308ff 

and field dependency, 807f 
heredity and, 52 
in infants, 296, 852 
and intellectual ability, 1370 
interrelationships of variables in, 
676 

learning and, 919 
longitudinal studies of, 1370 
and psychopathology, 675 
sex differences and, 1373 
and social processes, attempts 
to examine, 675ff 
stimulus-response analysis and, 
675 

testmg of, 1274 
treatment of, 675 
Person-perception techniques, 1288 
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Perspective, linear, 111 
Perspective illusion, 805 , see also 
Illusion(s) 

Perspective, 746, 749, 757, 767 
Phagocytes, embryo blood and, 
165ff 

Phagocytosis, 158 
Phase sequence, 574, 827 
Phenotype, 39f, 48, 451, 567, 707, 
729 

Phenotypic variance, 48f, 707 
Phenylalanine, 612 
Phenylalanine hydroxylase, 58 
Phenylketonuria, 42, 47, 58, 611 
detecting heterozygotes for, 59 
experimental, 594 
treatment of, 58ff 
Phenylketonuric, the, 612 
Phenylpyruvic acid, 612 
Phenylpyruvic idiocy, 42, 58 
Phenylthio carbamide, 42 
Phonation, as a fundamental form 
of behavior, 454 

Phoneme(s), discrimination of, 811 
distinctive features of, 1416 
Phonemic system, development of, 
and language acquisition, 
1133ff 

Phonological competence, and 
language development, 1431 
Phonological rules, and language 
development, 1138 
Phonology, and language 
acquisition, 1130ff 
Phototaxis, heredity and, 56 
Phrase-structure rules, language 
development and, 1144ff 
Phylogenesis, 738ff 
Phylogenetic acquisition of behavior, 
6, 13ff, 28 

Phylogenetic recapitulation of 
behavior, 7 

Physical differences, cognition and, 
1343ff 

Physical environment, experience of 
the, 719 

Physical growth, 77ff 
acceleration in, 77, 78, 100, 145, 
147 

altitude and, 138 
as an organized process, 125ff 
at adolescence, 8 If, 93ff 
brain weight and, in infant, 290 
canalization in, 126f 
catch-up, 126ff 
climate and, 137f 
compensatory, 126f 
developmental age and, 103ff 
developmental ‘'spiralling” in, 133 
disease and, 140 
effects of stress on, 609f 
endocrinology of, 112ff 
environment-heredity interaction 
in controlling, 133£f 
excretion of estrogen during, 116f 
general and singular stages in, 133 
heart rate and, 292f 


height attained, and age, 77ff, 84 
height and weight standards for, 
83 

heterochrony and, 130f 
hormones and, 112 
homeorhesis in, 126 
hypothroidism and, 116 
of infant, 280ff, 290 
malnutrition and, 127ff, 291 
maturity gradients in, 132f 
measurements and methods for 
study of, 88f 
menarch and, 107 
myopia and, 85 
normative measures of, 290 
number of siblings and, 143f 
nutrition and, 1 39f , 290f 
of postadolescent, 86 
preadolescent fat spurt and, 86 
premature babies and, 92 
psychological stress and, 140ff 
racial variation and, 291 
regulation of, 125 
seasonal effect on velocity of, 
138f 

secular trend in, 144ff 
sensitive periods m, 13 If 
sex differences and, 84, 95, 291 
socioeconomic class and, 143f 
stages in, 464 

variations m tempo of, 103f 
velocity in, 77ff, 82ff 
Physical maturation, and mental 
ability, 109ff 

psychological effects of early and 
late, llOf 

Physiognomic qualities, expressive, 
758 

Physiognomization, and perceptual 
intuition, 755f, 761 
Physiological development, hema- 
tology m, 163ff 

Physiological measures of infants, 
291ff 

Physique, behavior and, 291 
Piaget’s theory of development, 
703ff, 826f, 1177 
Piaget’s work, 327f 
Pictorial cues, for depth perception, 
111 

Picture Arrangement test, 1319 
Picture Completion Reasoning Test 
(PORT), 1426f 

Pigeon, early movements in, 463 
Pinna reflex, 472 
Pmter-Cunnmgham Primary Test, 
1170 

Pinter General Ability Tests, 1170 
Pinter Intelligence Test, 1229 
Pivot and open classes from three 
studies of child language, 1077 
Placenta(e), 89, 158ff 
absorptive area of, 161 
circulatory systems of, 159ff, 579 
grouping of, by layers of tissue, 
162 

growth of, 92 


histology of, 160ff 
morphological variations in, 162 
of sheep, compared to human, 
162 

size of, and species differentia- 
tion, 16 If 

size of, m relation to size of 
uterus, 160 

structure and physiology of, 
159ff 

Placental, fetal weight ratio, 161 
Placental transfusions between 
twins, effects of, 169 
Placentation, 157ff 
Planana, 567 

Planning, attempts to model, 
670ff 

Planometric stimuli, 780 
Plantar reflex, 312, 509, 51 Iff 
Plasma, 163ff 
volume of, 19 Iff 
Plasticity, 567ff, 631 
of young systems, 569 
Platelets, 163ff, 170 
blood clotting and, 164, 174ff 
formation of, 174 
see also Thrombocytes 
Play, 328, 708f 
categories of, 708 
fantasy and, 126 Iff 
imaginative, 1258ff 
see also Games 

Playfulness, and associative flow, 
125 Off 

Poggendorff illusion, 805, 1316f 
Political concepts, 1030f 
Polygenic genetics, see Quantita- 
tive genetics 

Polymatnc families, 622f 
Ponzo illusion, 779, 805, 1316 
Porteus Maze test, 607, 916 
Positivism, 684 
Postadolescent growth, 86 
Posthospitalization syndrome, in 
infants, 608f 

“Postisolation” syndrome, 599 
Postnatal circulation, 182 
Postnatal influences m animals, 
587ff 

Postural responses, 523ff 
Posture, development of, 485f 
Potentiality, error of, 449f 
Prader orchidometer, 98 
Preadolescent fat spurt, 86 
“Precocial,” application of the 
term, 448 

Precocious puberty, 118 
effects of, on behavior, 131 
Preconceptual stage m develop- 
ment, 947, 957 
Preconditioning, sensory, 677 
Precursory acts, 75 Off 
Predication, and basic grammatical 
relations, 1088ff 
holophrastic speech as, 1076 
intrinsic and extrinsic, 109 Iff 
Preformation, genetic, 710 



"Preformism” view of behavioral 
emergence, 450 
Pregnancy anxiety, 584 
Prehension, 572 

Prehnguistic level of intelligence, 
704 

Premature babies, 92 
amount of fetal hemoglobm and, 
167 

compared with full-term babies, 
324 

conditioning in, 854 
growth of, 92 
Prematurity, 307 
Prenatal behavior, 296, 447ff 
in amphibians, 455ff 
in birds, 459ff 

development of, in mfrahuman 
mammal, 465 

see also Fetal behavior. Fetal 
studies, and Fetus 
Prenatal blood circulation, 159ff 
Prenatal conditioning, 854 
Prenatal development, in human, 
492ff 

in placental mammals, summary 
of process of, 465ff 
placental permeability and, 160ff 
Prenatal environment, differences 
m twins and, 169 

Prenatal experience, animal studies 
on behavioral effects of, 580ff 
Prenatal growth, 89ff 
and development of hypothalmus, 
113 

endocrine glands and, 1 13f 
maternal physiology and, 162 
uterine environment and, 90ff 
Prenatal mfluence(s), as a supersti- 
tion, 494 

human data on, 585ff 
Prenatal learning, see Learning, 
prenatal 

Prenatal life, special senses m 
human, 516ff 

Prenatal stress, as influence m adult 
behavior, 69 

Prenatal treatment, effect of, on 
behavior, 580 
Preparatory responses, 954 
Preparatory set in perception, 1295f 
Preschool education programs, 

1433, 1438, 1442f 
Preselecting function, 953 
Pressure, sense of, m human pre- 
natal life, 51 8ff 
Preyer’s reflex, 472 
Primary Mental Abilities Test, 52, 
1336, 1343, 1428 
Primates, affectional systems in, 

599 

Primordial sharing situation, 752 
Principles, as a kind of learning, 
1397ff 

Probability concepts, 1007ff 
Probability learning, 893ff 
adult approval and, 896 


developmental changes and, 893ff 
effects of instructions m, 898 
mcentive effects m, 896ff 
mathematical models m, 899 
and multi-choice problems, 898 
m retarded and normal children, 
894 

sex differences and, 896 
social class and, 895 
studies of binary prediction m, 

89 8f 

Problem solving, 940, 1293ff 
and children’s questions, 97 Iff 
content and, 1320 
and creativity, 1212ff 
deductive, 1294, 1319f 
ethmc differences and, 1319f 
evaluation in, 1294, 1309ff, 1316 
inductive, 1319ff 
insightful, 942, 947, 957ff 
mode of presentation and, 1320f 
parental attitude and, 1 320 
processes of, 1435 
tasks of, 1414 

Productivity, and umqueness of 
associates, 1240ff 
Programmed instruction, 683 
Progression, as a fundamental form 
of behavior, 454 
development of, 485 
Progressive differentiation, 734 
Project Headstart, 1438, 1443 
Project Literacy, 141 6ff, 1444 
Proprioceptive senses, in human 
prenatal life, 521ff 
Proteins, blood, 163 
Protokollsatze, 709 
Protosymbols, 757ff 
Prototypes, and learning, 825 
Protozoa, 567f 
Proxemic behavior, 31 
Psychiatric use of displacement 
behavior, 28 

Psychiatric use of ethology con- 
cepts, 29f 

Psychoanalysis, 662, 668, 683, 688 
Psychoanalytic ego psychology, 
1276f 

contrasted with orthodox psycho- 
analytic theory, 1276f 
ego structure and functions m, 
1276 

pleasure and reality principles in, 
1276 

role of drive processes m, 1276f 
Psychoanalytic theory, 569, 852, 
1276f 

Psycholinguistics, natmsm and 
empiricism m developmental, 
1062f 

transformational devices of, 674 
Psychological concepts, reasoning 
and, 1026ff 

Psychological effects of early and 
late physical maturation, 11 Of 
studies of, at University of 
California, 111 
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Psychological stress, physical 
growth and, 140ff 
Psychological testing, 1382ff 
Psychological theory, contributions 
of, to education, 1383ff 
Psychology, abnormal, 657 
applied efforts in, 683 
of behavior, 657 
comparative, 657, 662 
of consciousness, 65 7 
Descartes’, 664 
developmental, 1366ff 
and education, 1382ff 
genetic, and behaviorism, 659ff, 
662ff 

industrial, 688 
mentahstic, 658 
multivariate procedures in de- 
velopmental, 1366ff 
Russian, 687ff 
social, 688 

Psychometry, 664, 683 
Psychomotor Development Index, 
1170 

Psychopathology, personality and, 
675 

Psychophysiology, 688 
and sensitivity in children, 792ff 
Psychosexual development, stages 
of, 577 

Psychosis, dreams and, 743 
heredity and, 53 
Psychosocial development, 678 
Psychotherapy, 685 
Puberty, 78, 97 
in boys, 98 

first signs of, 97f, 118f 
in girls, 9 8f 

gonadotrophic hormones and, 
116 

individual variations during, 99f 
precocious, 118, 131 
ratmg scales for development at, 
98 

sex differences and, 98 
Pubic hair, 97f 
function of, 102f 
Pulmonary function, development 
of, 222ff 

Pulse rates, cuff widths and, 196ff 
Punishment, and child behavior, 

26 

and learning, 876, 916 
Pupil response, 347f 
to emotional stimuli, 20f, 30 
Purkinje shift, 351 

Quantitative concepts, 101 2ff 
Quantitative genetics, 47 ff 
in animals, 54ff 
in man, 49ff 

Queen’s University, Arts Research 
Committee of, 565 
Questioning, procedures for train- 
ing m, 972ff 

Questions of children, 969ff 
induced, 970f 
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problem solvmg and, 9 7 Iff 
“Quickening” movements in 
pregnancy, 488 
Quieting, 294, 339 

Rabbit, fetal, 471, 482f, 485, 502 
Racial differences, body build and, 
137 

physical growth and, 291 
rate of growth and, 137 
skeletal mat unty and, 137 
Radiation, feaxfulness and, 581 
seizures and, 581 

Radiographic measurements of bone, 
muscle, fat, 94f 
Rapid-eye-movement sleep, see 
REM sleep 

Rat, 569, 581, 583, 658 
alcohol ingested by pregnant 
mother, 581 
cage-rearing of, 597 
early brain damage in, 596 
early stimulation of, 592ff 
fetal, 478ff, 502, 523 
free-environmental rearing of, 

596f 

perception studies of, 790 
raised m vibrating environment, 
592 

response to water overload m 
newborn, 573 

sodium bromide fed to pregnant 
mother, 580 

Rationalism, Cartesian, 664 
Rationalist view of man, 664 
Rat stram(s), and effects of stress, 
626 

McGill “bright” and “dull,” 624 
Raven Progressive Matrices test, 

1339, 1437 
Reaching, 316, 328 
“Reaction norms,” 708 
Reaction patterns, stereotyped, 743 
Reaction time, of responses, 824 
stimulus satiation effect upon, 

670 

Reading, 814ff, 1415ff 
and ethnic groups, 1381 
and eye-voice span, 1418 
and socioeconomic status, 1381 
Reading disability, and lateral 
dominance, 796 

Reading instruction, code emphasis 
m, 1415 

meaning emphasis m, 1415 
Reading problems, improvement of, 
683 

“Realized” hentabihty, 56 
Rearing, cage, of rat, 597 
effects of rich and impoverished, 
598 

free-environmental, of rat, 596 
interspecies, 588 
mterstrain, 588 
social conditions of, 587 
Reasoning, 674, 690, 955ff 
definition of, 940 


Hull’s analysis of, 673 
learning versus, 963ff 
and thinking, 939ff 
trial and error, 952, 955 
Reasoning ability, tests of, 965f 
Reasoning and planning, and 
stimulus-response analysis, 

666 

Recall of subordinate capabilities, 
stimulating of, as an instruc- 
tional function, 1402 
Recapitulationism, 663 
Receptor elements and stimulus 

elements, encounters between, 
826 

Receptors, in the nonauditory 
labyrinth, 523ff 

Reciprocal interweaving, 315, 574 
Recognition, 75 If 
achievement of permanence m 
act of, 752 

“reflective” factor in, 752 
smile of, 1372 

Recognition factor, Guilford’s, 

1294 

Reconditioning, learning and, 856 
Red cell(s), hemaglobin and, 165 
hematocrit (HCT) as measure for, 
166 

proliferation of, and reticulocyte 
count, 165 
see also Hematology 
Red cell formation in premature 
babies, 167 

Red cell volume, 19 Iff 
Red corpuscles, 163ff 
Redefinition, as a factor m divergent 
thinking, 1213ff 
Redirected behavior, 12 
Reference, ontogenesis of, 752 
Redundancy, and attention, 819 
Referents of symbols, 753 
Reflection, in cognitive develop- 
ment, 706 

Reflection-impulsivity , 1 3 1 Off 
generality of, 1310 
reading and, 1311 
reasoning and, 1312 
recall and, 1311 
reliability of, 1310 
sex differences m, 1 3 1 6 
tracking patterns and, 1312 
Reflective abstraction, in cognitive 
development, 728 
Reflex(es), 3, 31 Iff, 567, 659, 704, 
707,739 

abdominal, in fetus, 510, 513 
achilles, in fetus, 513 
Babinski, 312 
Babkin, 854 

chain, versus fixed action pat- 
terns, 7 

conditioned, 689f 
cremasteric, 512, 5 14, 520 
cutaneous, 512ff, 520 
diagonal, in fetus, 509f 
eye, 347f,462f, 854 


grasp, 31 3f, 509,520 
m infant, 294, 31 Iff, 339, 342f 
labyrinthine, m fetus, 508 
mental abilities and, 1165 
Moro, 313, 339 
muscular, m fetus, 509ff, 513f 
orienting, 339, 659, 689, 1422f 
pmna, 472 

plantar, 312, 509, 51 Iff 
Preyer’s, 472 
rooting, 329 
salivation, 708 
sucking, 512, 520 
tendon, in fetus, 508, 512 
tome neck, 524 
see also Response(s) 

Reflex arc, Dewey’s attack on, 

657 

“Reflex circle,” 519 
Reflexogenous zone(s), 463, 476, 
484, 508,518,52 6 
Reflexology, Russian, 659, 661 
Regression, 675 
Regulator genes, 62 
Regulatory function, 95 3 
Remfor cement (s), 666, 676ff,690 
concept of external, 713 
conditioning and, 85 8ff 
discrimination learning and, 
874ff 

effects of delayed, 877f 
extrinsic, 1423 
frustration effects and, 85 9f 
and head-turn responses m 
neonate, 85 3f 
in imprinting, 22 
influences of, 683 
mternal, 713 
intrinsic, 1423 
learning and, 1394 
learning under external, 714 
by observation, processes of, 

714 

partial, 859f 

and rate of sucking, 854 

schedules of, 679 

secondary, 865ff 

social, 666, 678, 863, 917 

in socialization, 22 

verbal, 858 

of vocal behavior, 614 
Remforcers, 665, 682 
Reinstatement theory, 631 
“Relating,” as a perceptual activ- 
ity, 737 

sensorimotor, 737 
Released behavior, 1 322 
Releasers of behavior patterns, 8 
additive effect of, 23 
social, 21 
summation of, 23 
superoptimal, 8 
Religious concepts, 103 If 
Reminiscence, 731 
Remote Associates Test, 1240ff 
and occupational achievement, 
1246ff 



and research creativity, 1246ff 
REM sleep, 318 
Repetitive response, 678 
Replication, multiple correlation 
and, 1374f 

Representation, 1390ff 
enactive, 1390ff 
ikomc, 1 390ff 
symbohc, 1390ff 
Representational function, 

ontogenetic foundations of 
the, 753 

Reproduction, as a fundamental 
form of behavior, 454 
Reproductive organs, adolescent 
growth spurt and, 84f 
Reproductive system, development 
of, 97ff 

Reptiles, studies of early behavior 
m, 459 

Resemblance, parent-child, 51 
Respiration, 215ff, 330 
anatomical development of, 216ff 
as a fundamental form of behavior, 
454 

deep, handicaps to, 218f 
fetal, 448, 502f, 529 
onset of, 219ff 

Respiration movements, see Breath- 
ing movements 
Respiratory apparatus, 222ff 
Respiratory rate, 225 ff 
age trends m, 226ff 
Respiratory units, terminal, age 
trends in, 217ff 

Respondent conditioning, 677, 683 
Response(s), 665, 674, 679ff, 707, 
782, 858ff 
aggressive, 917 
to apparent movement, 81 Of 
autonomic, 1298 
avoidance, 590ff 
complex adult, 576 
concept of transformational, 713 
conditioned, 708, 852ff 
conditioning of instrumental 
motor, 858ff 

consequences of, and learning, 

919 

“cue-producing,’* 945 
diverse exploratory, 967 
equivalence, 983ff 
executive, 947, 954 
extinction of instrumental, 865 
frustration and, 85 8f 
head-turn, in neonates, 85 3f 
imitative, 914f 
impairment of social, 604 
instinctual, 620 

mediating process for perceptual, 
820 

movement, 1260 
observing, 1422f 
optokinetic, 525, 810 
orienting, 324, 334, 339, 341, 

954 

pattern of, 679, 684 


pattern of attentional, 1367f 
postural, 523ff 
preparatory, 954 
rate of delivery of, 679 
reaction time of, 824 
receptor-adjusting, 947 
recurrent, 683 

reflexive, and unconditioned 
stimuli, 855 
repetitive, 678 

reversal-nonreversal modes of, 
888ff 

reversal of, to positive and nega- 
tive stimuli, 853 

semi-voluntary conditioned, 952 
social reinforcement of imitative, 
917 

specific exploratory, 967 
sucking, 855, see also Suckmg 
symbohc, see Symbolic responses 
transfer, and paired-associate 
learning, 909 
transformational, 713f 
see also Reflex(es) 

Response biases, discrimination 
learning and, 878 
Response generalization, 96 Iff 
Response latency, 1424 
Response-recovery method for test- 
ing infant response, 345f 
Restricted dogs, 596 
EEGs of, 596 

Restriction, environmental, 578, 
594ff, 597, 612ff 
Retardates, figural after-effects in, 
803 

institutionalization of, 615 
Retardation, mental, 45, see also 
Down’s syndrome 
Retarded children, 744 
Retarded patients, improvement in 
behavior problems of, 683 
Reticulocyte(s), 165ff 
red cell proliferation and, 165 
Reticuloendothelial system, 165 
Retinal disparity, 777 
as studied by stereoscopic vision, 
777 

Retinal rivalry, as a measure of 
attention, 822 
Retmoscopy, dynamic, 572 
Retroaction, and cognitive develop- 
ment, 724 

Reversal learning, effects of over- 
training on, 889ff 
of verbal mediation on, 890f 
Reversal-nonreversal shift, 671f 
stimulus transfer and, 887ff 
Reversal shift behavior, 1434 
Reversibility, 764, 1435 
Reward, delay in, and conditioning, 
860f 

effects of, 916 

Rhythms, feedmg cycles and, 332f 
rate of suckmg and, 331 
response to, 321, 329 
Ribonucleic acid, see RNA 
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Risk-taking beahvioi, 1315 
Ritualization, 15 ff, 102 
Ritualized behavior, 15ff 
RNA, 57f, 451, 536, 597 
m chromosome puffing, 63 
in guinea pig, 575 
learning and, 597 
memory and, 597 
m operon model, 62 
Rod and Frame Test (RFT), 1297, 
1323ff, 1333ff 

Role Construct Repertory Test 
(Kelly), 1279f 
Role-taking skills, 1026ff 
Role-Taking Task (RTT), 1290 
Room Adjustment Test (RAT), 
1324 

Rooting reflex, 329 
Rorschach responding, 1219ff, 
see also Fantasy 
Rorschach test, 1329 
Royal Ballet School, 109 
Rubella, see Measles 
Rule and Example in pretrammg, 
1440 

Rule games, 708 

Salamander, behavioral studies of, 
455ff, 470, 488,519,568 
Sander parallelogram, 779, 805 
Satiation, stimulus effectiveness 
and, 862f 

Scanning-focusing, see Cognitive 
controls and styles 
Schematic representation in 
development of symbohc 
functions, 948 
Schematizing activity, 742 
Schematizing Test, 1304 
Scheme(s) [Schema(ta)] , 705ff, 
742, 764 

compared with fixed action 
patterns, 21 
concept of, 742 
Schizophrenia, 625 
m twins, 53 

Schizophremc(s), 740, 743f 
Schizophrenic adults, catatonic- 
hebephrenic, 762 
Schizophrenic patients, improve- 
ment m behavior problems 
of, 683 

Scholastic Aptitude Test, 1262, 
1337 

School and College Ability Tests, 
1222ff 

School Mathematics Study Group 
(SMSG), 1409ff 
Scottish Council for Research in 
Education, London, 110, 
142, 152, 1001 
Scratching movement, 16 
Sea urchin, 567 

Secondary remfor cement, 865ff 
elusive nature of, 866f 
“Second signal system in verbal 
learning, 941,952 
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Segregation, behavior and, 2 % 
Seizures, audiogenic, 583 
radiation and, 581 
Selection, 567 
Selection differential, 56 
Selection response, 56 
Selective attention, as a cognitive 
control, 809 
Selective breeding, 55f 
Self-esteem, 916 
Self-evaluation test, 916 
Self-mutilation, 867 
Self-object relations, 744 
Self-perception, 744 
Self-regulation, and cognitive devel- 
opment, 703, 705f, 719, 724, 
728f, 7 3 If 

Self-regulatory fluctuation, 574 
Semantic competence, and language 
development, 1431 
Semantic development, slowness of, 
1123f 

and symbol formation, 1129f 
Semantic features, 1120ff 
and action, association of, 1126ff 
a method for discovermg, 1124 
anomalies in, 1121ff 
and language acquisition, 1119ff 
Semiotic function, 711, 717f, 722 
Semiotic processes, 711 
Sensation, 318ff, 342, 350 
Senses, m human prenatal life, 

516ff 

kinesthetic, 521 
prenatal, as related to mental 
development, 5 3 Iff 
proprioceptive, 521ff 
Sensitivity, 792ff 
auditory, 793ff 
contrast, 793 
to hue differences, 793 
introspective, and fantasy, 1260ff 
laterality and, 795f 
in the lower senses, 794f 
perceptual development and, 
792ff 

psychophysiology and, 792ff 
tactual, 794f 
taste, 795 
visual, 792ff 
Sensitization, 677 
Sensorimotor action, goal-directed, 
743 

Sensorimotor behaviors, 704, 709 
Sensorimotor functioning, 1285, 
1291 

Sensorimotor level of development, 
704f, 709 

Sensorimotor organization at the 
level of behavior, 720 
Sensorimotor “relating,” 737 
Sensorimotor schema of Piaget, 

672, 704,722 

Sensorimotor stage(s) of develop- 
ment, 711ff, 773, 947, 957 
Sensoritonic theory, 761 
Sensory development, 773ff 


Sensory experience, synaesthesis as 
a form of, 750 
Sensory integration, 828 
Sensory interaction, 796ff 
Sensory modalities, encoding across, 

1296 

haptic-kmesthetic comparisons 
across, 1297 

visual-haptic comparisons across, 

1297 

visual-kinesthetic comparisons 
across, 1297 

Sensory preconditioning, 677 
Sensory processes, 689 
Sensory-tome field theory, 802 
Sentence patterns m children’s 
speech, 1078ff 

Sentences, in vocal development, 
759 

Separation, maternal, see Maternal 
separation 
Septa, 160 

Sequential Tests of Educational 
Progress, 1221ff 
Sequin Form Board, 1296 
Serial learning, 1434, 1437 
socioeconomic status and, 1437 
Serosa, 159 

Sets and Numbers Project, 1409 
17-Oxosteroids, 117 
Sex chromosomes, 44 
trisomy of, 46f 
Sex differences, attention and, 

1368, 1373f 
blood pressure and, 202 
blood values and, 170f 
blood volume and, 192 
body measurements and, lOOff 
body temperature and, 240f 
canalization in growth and, 127 
canonical correlation and, 1369 
developmental age and, 109 
development of, lOOff 
discriminant analysis and, 1373 
energy metabolism and, 23 3f 
estrogen excretions and, 116f 
fat growth and, 95 
and field dependence, 807f 
growth curves and, 84, 95 
height and, 84 

hemoglobin at adolescence and, 

96 

hormonal effects and, 1 14f 
infant growth and, 291 
IQ and, 1181ff, 1186, 1192ff, 
1200 

muscle development and, 94f 
pelvis shape and, 102 
personality traits and, 1373 
probability learning and, 896 
puberty and, 98f, 116 
shoulder-hip measurements and, 
lOlf 

skin-folds and, 86 
thumb sucking and, 336 
verbal conditioning and, 858 
weight and, 84 


Sex drive, heredity and, 56 
Sex linkage, and chromosomes, 44 
Sex-hnked genes, dental growth 
and, 135 

Sex recognition mechanisms, 13 
Sex role, anxiety and, 1351 
Sex-Role Acceptance Scale, 1336 
Sexual behavior, m doves, 464 
heredity and, 55 
precocial, 576 

Sexual development, mcomplete, 
and chromosomes, 46f 
Sexual differentiation, gonadal 
hormones and, 114ff 
Shape, tactual perception of, 787f 
Shape age, 105ff 
Shape constancy, m perception, 

781 

Shape perception, development of, 
780ff, 784ff 
Gestalt factors m, 781 
Shaping, 685, 955 
procedure of, and index response, 
679 

Sheep, fetal, 489f, 510 
Shift of function, genetic principle 
of, 759 

Siblings, growth curves of, 135 
menarche m, 134 
number of, and intelligence, 110 
and physical growth, 110, 

143f 

skeletal maturity in, 134 
Sign(s), 942ff 

as a cognitive function, 717 
"Signal-things,” 754 
Sign stimuli for behavior patterns, 
see Releasers 

Similes Preference Inventory, 

1258 

Size constancy, in perception, 

776f 

Size-weight illusion, 804, 806 
Skeletal age, and Y chromosome, 
109 

Skeletal maturity, 104f 
m children, with XO chromo- 
some constitution, 109 
with XX chromosome 
constitution, 109 
with XXY chromosome 
constitution, 109 
with XY chromosome 
constitution, 109 
genetical control and, 134 
of hand and wrist, 104 
Klinefelter’s syndrome and, 109 
methods for determining, 104f 
racial differences and, 137 
in twins and siblings, 134 
X-rays for assessment of, 104 
Skin? 292 

Skinfolds, physical growth and, 

85f 

sex differences and, 86 
Skin potential, 292 
Sleep, as displacement activity, 29 
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REM, 318 

Sleep state, study of, 317 
Smell, sense of, in fetus, 526f 
Smile(s), number of, 1367f 
of recognition, 1372 
Smiling, 21ff, 317, 355, 619f, 1373 
in blind babies, 23 
as a fixed action pattern, 22f 
habituation and, 1370 
as response in imprinting process, 
27f 

sensitive periods for, 24 
social stimuli to reinforce, 857 
spontaneous, 22 
vacuum reaction m, 23 
see also Social responsiveness 
Social and personality processes, 
attempts to examine, 675ff 
Social attachments, 600f, 627, 629 
critical period for development of, 
620 

development of, 618ff 
formation of specific, 620ff 
phases of indiscriminate, 619 
Social behavior, 328f 
early, 596 

early isolation and, 596 
effects of institutionalization on, 
621 

and field dependence-independ- 
ence, 1329ff 

operant control of infants’, 857 
Social concepts, 1025ff 
Social deprivation, effects of, 14, 25 
Social development, 618ff 
Social environment, 618ff, 722 
action of the, 7 19 
influence of, on cognitive devel- 
opment, 721 

probability learning and, 895, 897 
see also Socioeconomic status 
Social interaction, and cognitive 
development, 720 
Social isolation, m dogs, 600ff 
Socialization, children’s, 676, 710 
Socialization period, 601 
Socialization processes, see Imprint- 
ing 

Social learning theory, 676 
Social motivation, 678 
Social psychology, 688 
Social reinforcement, 666, 676, 

678, 863 

of imitation and, 676ff 
of imitative responses, 917 
Social releasers of behavior patterns, 
21 

Social responsiveness, 618 ^ 
impairment m, 604 
stages in development of, 604f 
Social stimulus, 678 
Social structure, and behavior, 14f 
Social variables, and learning, 919 
Sociocentnsm, 729 
Socioeconomic status, and auditory 
discrimination, 1428 
and conceptual tasks, 1437 


and differences, m associative 
abilities, 1438 
m cognitive abilities, 1438 
in learning, 1437 
in performing conceptual task, 
1437 

and digit-span tests, 1437 
intellectual abilities and, 1374 
intelligence tests and, 1437 
and IQ, 1429 

and language development, 1432 
and learning ability, 1437 
physical growth and, 143f 
and rate of educational develop- 
ment, 1442f 
reading failure and, 1381 
and senal learning, 1437 
and visual discrimination, 1430 
see also Social environment 
Sodium barbitol, learning and, 580 
Sodium bromide, fed to pregnant 
mother rats, 580 
Space, perception of , 762, 773ff 
Spatial concepts, 101 5ff 
Spatial decotatextualiZation, 1340 
Spearman-Brown formula, 1173 
Species call, 569 

Species differentiation, in embry- 
onic development, 161 
placental permeability and, 161 
Species-specific behavior(s), 5 35 , 
743 

elements of, 4 

Specific action potential, 7, 10, 12, 
23 

Speech, 81 Iff 

adult, and language development, 
1114ff 

babbling and, 1130ff 
distributional analysis of, 1076ff 
holophrastic, 1074ff 
“open’* class of, 1076f 
“pivot” class of, 1076f 
sentence patterns in, 1078ff 
telegraphic, 1074 
theories of language acquisition m 
early, 1070ff 
thought and, 942 
see also Language, Language devel- 
opment, Linguistic develop- 
ment, and Linguistics 
Spelling, morphophonemic rules of, 
1417 

Spelling-sound regularities, 815 
Spelhng-to-sound correspondence, 
1417 

Spencer, Herbert, 664, 665 
Sphincter control in babies, 124f 
Spider, prey attack of, 754 
Spielemeyer-Vogt disease, 60 
Spinal motor neurons, 568 
Spiral development, 736f 
“Spiralling,” developmental, 133 
Spleen, hemopoiesis and, 164 
Spontaneous fantasy, and novelty of 
elicited fantasy, 1259ff 
Spontaneous flexibility, as a factor 


m divergent thinking, 121 3ff 
Spontaneous versus elicited fantasy, 
1258ff 

Stabilimeter, m study of infant, 295 
Standardized weights determined 
by canonical analysis, 1368f 
Standards, for cognitions and 
behaviors, 1347f 

Stanford Achievement Test, 1226ff 
Stanford-Bmet test, 47, 1167ff, 

1171, 1180,1182,1191, 1221, 
1326 

L and M forms of, 1167 
standard scores of, 1167 
Stanford University Psychological 
Laboratory, 472 
Stentor, 567 

Stereomatric stimuli, 780 
Stereoscope, 777 
Sterility, adolescent, 99 
Stimulation, 569f, 587ff 
ambient, 587 
auditory, 587, 592 
critical penod for, 611 
effects of extra, 609f, 614 
experimental manipulation of 
general, 61 Of 

institutionalization and, 603ff 
lack of, 603 
reafferent, 579, 598 
self-, 569 
tactile, 611, 853 
temperature, 587 
vibratory, 587 
Stimulation procedures, 587 
Stimuli-response generalization, 
961ff 

Stimulus (stimub), 318ff, 659, 665, 
669, 674, 677,684, 689,707, 
743, 852ff 

and acquired equivalence, 820 
analysis of, 669f 

areal versus punctiform, m human 
prenatal life, 519 
attention, 81 8f 
for behavior patterns, see 
Releasers 

collative properties of, 967 
complex, 81 8f 
conditioned, 855ff 
control of behavior and, 679 
coupling, 826 
definition of, 288 
as determiners of attention, 818f 
differences m, and rate of dis- 
crimination learning, 868f 
differentiation of, by neonates, 

85 3f 

dimensionality of, and cognitive 
complexity, 1280 
discrimination of relations between 
sets of, 879 
discriminative, 677f 
effectiveness of, and deprivation, 
862f 

electric shock as unconditioned, 

852 
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fear evoking, 678 
first localization response to 
tactile, 520 

habituation and response to 
olfactory, 855 
mediation and, 820 
novel, 1367 
noxious, 867f 
olfactory, 342, 855 
perception of moving, 81 Of 
perception of orientation of, 799f 
planometnc, 780, 869 
responsivity to change of, 1368 
selecting and presenting, as an 
instructional function, 1401f 
shock as conditioned, 852 
similarity of, and effect on oddity 
learning, 88 If 
social, 678, 857 
Soviet categories of, 855f 
stereometric, 780, 869 
transposition of, and learning, 
882ff 

unconditioned, and reflexive 
responses, 855 
visual, 349f 

Stimulus acts, “pure,” 672, 945 
Stimulus elements and receptor 

elements, encounters between, 
826 

Stimulus familiarization, 86 If 
Stimulus feeding, 608 
Stimulus generalization, 863ff, 

961ff 

developmental changes and, 863ff 
Stimulus hunger, 707 
Stimulus-interaction hypothesis, 

671 

Stimulus predifferentiation, 677 
Stimulus pretraining, discrimination 
learning and, 87 Iff 
possible frustrating effects of, 

87 3f 

Stimulus-response accounts of 
higher mental processes, 670 
Stimulus-response analysis, 65 8ff, 
678ff, 686 

of personality development, 675 
Stimulus-response connections 
(motor acts), as a kmd of 
learning, 1397ff 
Stimulus-response terminology, 
empirical and logical uses of, 
674 

Stimulus-response theory, 658ff, 
707, 713f 

methodology in, 658 
Stimulus sahency, 669f 
Stimulus transfer, reversal-non- 
reversal shifts and, 887ff 
Stomach contractions, mfant 
behavior and, 292 
Storage, in early life, 575 
Storage-duration, 576 
Storage-mechamsm, 576 
Strategies (higher-order principles), 
as a kmd of learning, 1397ff 


Strength, growth of, 95 
sex differences and, 95 
Stress, effects of prenatal, 5 82ff 
oddity learning and, 8 8 If 
paired-associate learning and, 905 
physical development and, 609f 
in a strain of rats, 626 
Stressful infant-rearing practices, 

610 

Stroop Color Word Interference 
Test, 1296, 1342ff 
Structural diffuseness in structural 
development, 746 

Structural equilibrium, part-whole, 738 
between systems of organization, 

738 

Structural genes, 62 
Structuralism, 657 
Titchenenan, 657 

Structure-of-intellect model, 1212ff, 
1406 

Structures, in cogmtive development, 
705ff, 711 

logicomathematical aspects of, 

726ff 

Subcutaneous fat layer, growth of, 

85 

Subject and object, relation be- 
tween, 703ff, 741, 746 
Subject-concept relation, variation 
m, 989f 

Subject-experimenter relation, m 

operant conditioning paradigm, 
680 

Submissive behavior, 26 
Substance conservation concept, 
1012ff 

Successive approximation, 955f 
Sucking, 330f, 5 07f, 520, 618, 708, 
781,853 

arousal level and, 338 
discrimination and, 334 
effects of age and, 330f 
habituation and, 855 
inhibition and, 334 
learning and, 334, 337 
need for, 336f 

nonnutritive, see Nonnutritive 
sucking 

as organized biological behavior, 

329 

pacification and, 338f 
Sucking rate, arousal and, 332 
hunger and, 33 If 
as measure of responsiveness, 353 
reinforcement and, 854 
rhythm and, 331 
Sucking reflex, m fetus, 512, 520 
Superordmate concepts, 1305ff 
“Suppressor” variable in multiple 
correlation, 1369, 1371 
Swallowing, 330 

Swimming movements, m salaman- 
der, 457ff 

Symbol(s), 763ff, 942ff 
formation of, 743, 750 
imitative, 718 


modeling and, 946 
origins of, 944ff 
presentational, 752ff 
referents of, 753 
thing-of-action represented in, 
752 

vocal, 758 

Symbolic function(s), 941ff 
analysis of, 942ff 
concrete operation stage m, 

947, 957f 

“enactive” representation in, 
948ff 

formal operations stage m, 948, 
957f 

“ikomc” representation m, 

948ff 

intuitive stage m, 947, 958ff 
“onomastic” representation m, 
948 

origin and development of, 

941ff 

preconceptual stage in, 947, 957 
“schematic” representation m, 
948 

sensorimotor stage in, 947, 957 
stages m development of, 947ff 
“symbolic” representation in, 
948ff 

see also Thinking, Thought 
Symbolic games, 708f, 717f, 722 
Symbolic logic, 729 
Symbolic mode, 129 If 
Symbolic processes, origins of 
mternal, 944ff 

Symbolic representation, 1390ff 
in development of symbolic 
functions, 948ff 
Symbolic response(s), 941 
communicative function of, 

94 Iff 

Symbolization, and stimulus- 
response analysis, 666 
Sympatric species, behavior differ- 
entiation m, 13 

Synaesthesis, as a form of sensory 
experience, 750 

Synceresis, as a characteristic of 
intuitions, 761 

in functional development, 745, 
756 

Synesthesia, m functional develop- 
ment, 745 

Syntactic competence, and 

language development, 1431 
Syntax, 1062ff 
age of acquisition of, 1062 
development of, 1064ff 
semantic influences on, 1124ff 
Synthesis, 961 

m orthogenetic conception of 
development, 735 
Systemogenesis, and behavioral 
aspects of developing mental 
abilities, 1165 

Systolic pressure, menarcheal age 
and, 202 
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Tachycardia, 2 Ilf 
Tactile sensitivity, 32 If, 794f 
Tactile stimulation, 611, 853 
Tanner-Whitehouse skeletal matur- 
ity, 109 

Taste sense, 321, 526f 
sensitivity of, 795 

TAT (Thematic Apperception Test), 
1256ff 

movelty of story productions on 
the, 1256ff 
Taxes, see Orientation 
Taxonomic value of fixed action 
patterns, 7 

Tay-Sachs disease, 60 
Teachers, role of, m cogmtive devel- 
opment, 1394, 1396, 1404f 
Teaching machmes, 685 
Teeth eruption, genetical control 
and, 135 

Telegraphic speech, 1074 
Temperament, early isolation and, 
596 

Temperament adaptation zone, 630 
Temperature, of body, see Body 
temperature 
sensitivity to, 321, 520 
as stimulus, 587 
Templates, learning and, 825 
Tendon reflexes, m fetus, 508, 5 12 
Terman Concept Mastery Test, 

1170, 1218ff 
Terman-Mernll IQ, 110 
Test(s), aptitude, m schools, 1382 
Army Alpha and Beta, 1170 
Bales-Couch Acceptance of 
Authority, 1333 

Bayley California First-Year Men- 
tal Scale, 1178 

Bayley Mental and Motor scales, 
1169 

Bayley Scales of Infant Develop- 
ment, 1168, 1170f, 1173 
Bender-Gestalt, 783, 1322 
Binet, 913, 1167f 
Binet-Simon, 1166 
Body Adjustment, 1323ff, 1328, 
1334 

Calif orma Achievement, 1226ff 
California Infant Scale of Motor 
Development, 1180 
California Mental Maturity, 1220ff 
California Mental Scale, 1180 
Calif orma Psychological Inventory, 
1333 

Camouflaged Words, 1327 
Cattell Infant Intelligence Scale, 
607,613,1169 

Cattell’s Mental, for Infants and 
Young Children, 1168 
CAVD group, 1170 
Children’s Manifest Anxiety Scale, 
1337 

Children’s Reactive Cunosity 
Scale, 1258 
Circles, 1301, 1304 
Draw-a-Man (Goodenough’s), 


607, 1328 

Embedded Figures, 1297, 1299ff, 
1314, 1323ff, 1328ff, 1332ff 
Figure Drawing, 1323 
First-Year Mental Scale, 1168 
Fruit Distraction, 1296 
Gessell Developmental Schedule, 
504,611,1178 
Gessell mental ability, 1 168 
Goldstem-Scheerer sortmg, 786 
Gottschaldt, 1323, 1327, 1335, 
1342f 

Griffith’s scale (abilities of babies), 
1169 

group, 1170 

Haptic Visual Matching, 1301, 
1310 

Hebb-Wilhams maze, 570, 585, 
589, 593,624 
Hetzer-Wolf baby, 606 
Illinois Psycholinguists Abilities, 
1431ff 

Impression Formation Task 
(Golhn’s), 1290 
Incidental Learning, 1301 
infant intelligence, 1168ff 
Infant Scale of Motor Develop- 
ment, 1168 

intelligence, 913, 1163, 1168ff 
Iowa, of Educational Develop- 
ment, 1228ff 
Know cube, 607 
Kohs Blocks, 1338f, 1342 
Kuhlmann-Anderson IQ, 913 
Kuhlmann-Bmet, 1168 
linguistic, 1065ff 
Lorge-Thomdike Intelligence, 

913, 1226ff 
Make-a-Picture-Story 
(Schneidman’s), 1290 
matching, 916 

Matching Familiar Figures, 1301, 

1 309ff, 1317, 1426f, 1428 
Mazes, 1319 

Memory for Digits, 1301 
Memory for Sentences, 1301 
Mental and Psychomotor, 1169 
Mental Development Index, 1170 
Memll-Palmer, 1178 
Metropolitan Reading Readmess, 
1226ff 

Miller Analogies, 1170, 1246 
Minnesota Multiphasic Personality 
Inventory, 53 
Moray House group, 110 
Morrisby Shapes, 1339 
Otis Mental Ability, I221ff 
Parental Attitudes Research In- 
strument, 1289 
Peabody Picture Vocabulary, 

1191, 1230ff 
personality, 1274 
Pettigrew Category Width, 1283f 
Picture Arrangement, 1319 
Picture Completion Reasoning, 
1426f 

Pmter-Cunmngham Primary, 1170 


Pinter General Ability, 1170 
Pinter Intelligence, 1 229 
Poggendorff illusion, 1316f 
Ponzo illusion, 1316 
Porteus Maze, 607, 916 
Primary Mental Abilities, 52, 
1336, 1343, 1428 
Psychomotor Development Index, 
1170 

Raven Progressive Matrices, 

1339, 1437 
reasoning, 965f 
Remote Associates, 1240ff 
Role Construct Repertory 
(Kelly’s), 1279f 
Role-Taking Task, 1290 
Room Adjustment, 1324 
Rorschach, 1329 
Schematizing, 1 304 
Scholastic Aptitude, 1262, 1337 
School and College Ability, 
1222ff 

self-evaluation, 916 
Sequential, of Educational 
Progress, 1221ff 
Sex-Role Acceptance Scale, 

1336 

Similes Preference Inventory, 
1258 

sortmg, 786 

Stanford Achievement, 1226ff 
Stanford-Binet, 47, 1167ff, 
1171,1180, 1182,1191, 
1221, 1326 

Stroop Color Word Interference, 
1296, 1 342ff 

Terman Concept Mastery, 1170, 
1218ff 

Terman-Mernll IQ, 110 
Thematic Apperception, 1256ff, 
1327ff 

Thorndike-Lorge IQ, 1429 
Thurstone Memory, 913 
Thurstone Perceptual, 913 
Thurstone Primary Mental 
Abilities, 1170 

Thurstone Spacial Relations, 913 
Two Hand Coordination, 1342 
Vocabulary, 1301 
Wagon, 1304 

Warner scale of socioeconomic 
status, 1191 

Wechsler Adult Intelligence 
Scale, 1168 

Wechsler-Bellevue Intelligence 
Scale, 1167, 1200 
Wechsler Intelligence Scale, for 
Children, 54, 1168,1223ff, 
1306,1310, 1318, 1326ff, 
1336 

Wechsler Preschool and Primary 
Scale of Intelligence, 1168 
Weigl sortmg, 786 
Wepman Auditory Discrimina- 
tion, 1428f 

Wide-Range Achievement, 1433, 
1443 
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Test anxiety, 1315f 
Tested children, grouping of, 1382 
Testing, psychological, 1382ff 
Testis, growth of, 97f 
Testosterone, 464f 
action of, on brain in early life, 

115 

as conversion from androstene- 
dione, 117 

larynx enlargement and, 98 
and Leydig cells, 115, 117 
at puberty, 98, 117 
Texture gradient, and perception, 
777 

Thalidomide, 491 
fetal development and, 491 
Thematic Apperception Test (TAT), 
125 6ff, 1327ff 

Theorizing, construed as mathemati- 
cal modeling, 669 
dyadic, 676 

Thmgs-of-action, objects of cogni- 
tion as, 754ff 

Thinking, convergent, 1178f, 121 3ff 
creative, 1407ff 
definition of, 939 
directed, 940f 

divergent, 1178f, 1213ff, 1407 
executive response and, 947 
modeling and, 949 
motivational factors in, 966ff 
productive, 1407ff 
reasoning and, 939ff 
receptor-adjusting response and, 
947 

see also Symbolic functions, 
Thought 

Thorndike-Lorge intelligence test, 
1429 

Thought, 706, 714 
beginning of, 709 
conceptual, as a means of acting, 
739 

mtenonzed, 722 
and language, relations between, 
721 

origin of figurative aspects of, 709 
preoperational, 712 
speech and, 942 
spontaneous, 706 
see also Thinking 
Thrombocytes, 163ff, see also 
Platelets 

Thrombosis, phases of, 174 
Thumb sucking, 336f, 708, 867 
Thurstone Memory test, 913 
Thur stone Perceptual test, 913 
Thurstone Spacaal Relations test, 

913 

Thur stone’s Primary Mental Abili- 
ties Test, 1170 

Thymus, hematopoiesis and, 164 
Thyroid-stimulatmg hormone, 112f, 

116 

Thyroxine, 113 
Time, concepts of, 740, 101 9f 
ontogenetic cognition of, 740 


pathogenetic cognition of, 740 
Time vocalizing, 1367, 1373 
Timidity, in play, 682 
Titchener circles illusion, 804 
Titchenenan structuralism, 657 
Tonic neck reflexes, 524 
Tooth eruption, genetical control of 
, age of, 134 
sex-linkage and, 135 
Tracking behavior, 1312 
Traditional orthography, 1420 
Tranquilizers, 612 
Transcendent capacity, 764 
Transformational responses, con- 
cept of,713f 

Transformations, a general condi- 
tion for learning, 1117ff 
m cognitive development, 704, 

725, 737 

diagram of developmental, 743 
“four group,” 957 
in language development, 1088, 
1146ff 

in perception, 784 

Transitional acts m mental life, 755ff 
“Translations,” in cognitive develop- 
ment, 705f, 722 

Translocation, and chromosomes, 46 
Transmission genetics, 39ff 
Transparency, conceptual, 761 
Transposition, 67 Iff 
Trauma, 631 
of emergence, 599 
residua of early, 588 
Trauma-spectfity, 588 
Tnal-and-error action, 738 
Tnal-and-error learning, 677, 952, 
955 

insight versus, 959ff 
Trisomy, 45,451 
autosomal, 45f 
sex chromosome, 46f 
Tnsomy D, 46 
Trisomy E, 46 
Trophoblast, 158ff 
Trophoblastic nutrition, 158 
Trophoderm, 159ff 
Tropism theory, 567 
Tropistic-reflex actions, 743 
Trotting movements, fetal, 448 
Try on cluster analysis, 1181 
Turners syndrome, 47 
and skeletal maturity, 109 
Twins, comparisons of, 5 Iff 
correlations between IQ’s of, 

1186 

differences m “identical,” 125 
dizygotic, 5 Iff 

effects of placental transfusions 
between monozygotic, 169 
measures of personality traits in, 

53 

menarchem, 134 
monozygotic, 5 Iff, 169 
prenatal environment and differ- 
ences in, 169 

Primary Mental Ability tests of, 52 


schizophrenic, 53 
skeletal maturity m, 134 
Two Hand Coordmation Test, 
Thurstone’s, 1342 

Umbhcal arteries, 159ff 
Umbilical cord, 159ff 
blood flow m, 185f 
clamping of, and blood volume, 
192 

effects of early and late clamp- 
ing of, 169 

Umbilical veins, 160ff 
Uncertainty, 967 
Undifferentiatedness, emotional, 
in infancy and early child- 
hood, 745 
psychophysical, 761 
Ungraded school, groupings m, 
1404 

Uniqueness, and associative 
fluency, 1240ff 
Unne, fetal, 503 
Usnadze illusion, 806 
Utenne environment, prenatal 
growth and, 90ff 
Uterme movements, 504 
Uterus, 160ff, 467 
size of, m relation to size of 
placenta, 160 
waking EEG and, 244ff 

Vacuum activity, 10, 22 
Variables, degree of association 
between classes of, 1367 
interaction of dependent, 1367 
Variance, multivariate analysis of, 
1373f 

Vascular channels, prenatal, 160ff 
Vasodilation in skm, 292 
Veins, umbilical, 160ff 
Velocity, in physical growth, 77ff, 
82ff 

Velocity concepts, 1019ff 
Verbal ability, IQ and, 1168 
Verbal behavior, 857f 
“elaborated” styles of, 617, 
1435 

and paired-associate learning, 
1435 

“restricted” styles of, 617 
and stimulus-response analysis, 
666 

Verbal chains, as a kind of learn- 
ing, 1397ff 

Verbal conditioning, 857f 
sex differences and, 858 
Verbal control, external, 1423f 
Verbal mstruction(s), 953ff 
deferred response to, 956 
Verbalization, 672 
observational learning and, 915 
Verbalizations, self-ongmatmg, 
for controlling overt 
responses, 1424 
Verbal labels, concept learning 
and, 901 
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Verbal learning, 666f 
“second signal system” in, 941, 
952 

Verbal mediation, 892ff 
developmental changes m, 89 2f 
effects of, on learning, 906f 
inference and, 673 i 

Verbal mediation, reversal learning 
and, 890f 

Verbal monitoring, 1424f 
Verbal reflectivity, facilitation of, 
1426f 

Verbal reinforcement, 858 
Verbal subscales, IQ and, 1168 
Verbs, appearance of, m language 
development, 1 107ff 
Vertebral column, growth of, 86 
Vertical-horizontal illusion, 779, 
805 

Vestigial behavior, 7f 
Vibratmg environment, rats raised 
in, 592 

Vicarious learning, 956 
Vienna Circle, logical positivism of 
the, 661 

Vigilance, attention and, 820 
Vilh, 159ff 
chorionic, 159 
Vision, 342, 346 
central and peripheral, 349 
development of, m fetus, 530f 
Visual acuity, 349f 
Visual attention, selective, 355 
Visual cliff, 775, 789ff 
Visual deprivation, 595 
Visual discrimination, 1430 
Visual distortion, 802 
Visual fixation, 35 3f, 35 6f 
first, 1367ff 

see also Fixation * 

Visual search, 823f 
Visual sensitivity, 792ff 
Visual stimuli, conditioned 
responses to, 856 
Visual system, development of, in 
kitten, 124 

Visual tracking, 348f, 620 
Vitamin K, and blood coagulation 
m newborn, 175 
Vitelline arteries, 159 
Vitelline sac, 466 
Viviparous animals, early develop- 
ment m, 452 
Vocabulary test, 1301 
Vocal behavior, increased by rein- 
forcement, 614 

Vocal development, duoremic stage 
of, 759 

Vocalization, 1368, 1372ff 
conditioning of, 857 
habituation and, 1370 
in puppies, 602 
reinforced, 857 

Voice, change in, at puberty, 98 
Volume conservation concepts, 
1012ff 

Vomiting, 682 


Waddington’s “epigenetic landscape,” 
64 

Wagon Test, 1304 
Wakefulness state, 320 
Walking, development of, 125 
Warner scale of socioeconomic 
status, 1191 

Water overload, newborn rat response 
to, 573 

Wechsier Adult Intelligence Scale, 
1168 

Wechsler-Bellevue Intelligence 
Scale, 1167, 1200 
Wechsier Intelligence Scale for 
Children, 54, 1168, 1223ff, 
1306, 1310, 1318, 1326ff, 

1336 

Wechsier Preschool and Primary 
Scale of Intelligence, 1168 
Weight, blood pressure and, 203 
Weight standards, for growth rate, 

83 

Weigl sorting test, 786 
Wepman Auditory Discrimination 
Test, 1428f 

White cells, 163ff, 171ff 
at birth, 173f 
in adult, 172 
function of, 17 Iff 
individual differences and, 174 
in neonate, 173f 
types of, 171 

White House Conference on Child 
Health and Protection, 120, 
154, 189,282 

Wide-Range Achievement Test, 

1433, 1443 

Wilkin’s analytic-global functioning, 
1323, 1327, 1329 

Word fluency, as a factor in divergent 
thinking, 1213 

Words, and conditioned responses, 
855 

and other symbols, 946ff 
m vocal development, 759 
World Health Organization, 92, 176 

X chromosome, 44, 47 
X-irradiation, 581f, 584 
m maternal pelvic region, 586 
neonatal, 592 

XO chromosome constitution, and 
skeletal maturity, 109 
XO karyotype, 47 
and Turner’s syndrome, 47 
X-ray(s), for assessing skeletal 
maturity, 104 

for determining fetal age, 503f 
for study of fetal position before 
birth, 503 

XX chromosome constitution, and 
skeletal maturity, 109 
XXX karyotype, 47 
XXXY karyotype, 47 
XXXYYY karyotype, 47 
XXY chromosome constitution, and 
skeletal maturity, 109 


XXY karyotype, 47 
XXYY karyotype, 47 
XY chromosome constitution, and 
skeletal maturity, 109 
XY karyotype, 47 
XYY karyotype, 47 

Yawning, 29 
Y chromosome, 44, 47 
Yerkes-Dodson effect, 629 
Yolk sac, 159ff, 454, 466 
“blooc islands” an, 164 

Zeaman and House theory, 670 
Zygote, 45,451,492,535 
period of, 158 



